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Culvert Durability: Where Are We?

GEORGE W. RI\G

ABSTRÀCT-

There has been extensive use of culvertg
under highways for more Chan 75 years. Dur_ing that Eime Ehe states have madÉ 

-^"iå 
ii,"n90 culvert performance studies. predlction

of,the probable service life of all tvpes o¡culverÈs iE srtll difficult Uecause ;ã-;"n_tlnuing changes in materials, tne use ofvarioug coatings, and the large nurnber ofvariables Ehat affecÈ corrosion and erosion.Indivldual states¡ are continuing to devetopguldelines for Èhe servlce llfe of concrete,steel, alumlnum, plastic, and other types ofculverts båsed on local erperi"n...nA tfraperfornance of materialE in other applica_tlons. No naÈionally ecceptable relatiånshtp
betHeen culvert gervice tlfe and 

"orro"ìonparaneters has as yet been developed. In_creasing use of culeerts for brldge'replace_ænt warrants the development of-inspåction
and malntenance progr¿ùnE for culverts.

Duability is just one of many factors that deter-¡lna the selection and use of pipe .ulrr.rts fortl¡rtnage purposea. In order to put 
-durauillty 

intoDa¡Bpectlve, the substance of a letter rrrltten in¡Dtcob€r 1983 by Kent Allerneier, Chalrnan of Tech_
-¡lcr-l section- 41 gf Èhe AÀSETO Subcomittee on Mate_, to Carl Redel of the SÈandards Instftutlon ofI, vho reguested infor¡nation on the .".ia" ortate.t neral and concrere pipes, f" p.ãLãit"¿.À:I-eneier's pernlsslon, the- fotlo¡riü- i; .*-

ltere are differlng oplnlons on the favor_able and unfavorâble aspects rrfth each of
3" j-ill" o-f gipe. nasicãrry, ri"--pipË'ru"t
i deslgned for the requirementJ äf theÀoearlon in which lt is to be installed,preferably by a cornpetent engineer *rhã isfanlliar wlth the ecånonlc ånd environnentalconcernr¡ of the area.
. Follæing are certâin factors whfch¡hould be considered in relarion t" 

"ài.t-tlon of a particular kind of ptpe. nefeierrcel¡ .nade to AÂsHTo speclflcationE for t.hev¡rfous pipe materials.

f . CorEuoared Steel plpe (H35l¡ß6H) ,I trbricated erori zinc-coated sheet (r42lg),tlu¡inun-coated sheet lltlzlal. or alu¡ninun_. tfnc âIloy-coated sheer (M289)
A. Advantages

. .1.. Reasonably lightselght (for
snrpptng )

2. Large range of sizes and
shapes

3. Range of sheet thickness
and corrugåtions provide approprl-ate strength

4. Fast fleld assenbly andinstallation
B. DiEadvantages

l. Decreased flow due to cor_rugatlon roughness (except insnooth_llned pipe)
2. Loss of netal through abra-sion in fast_flowing strei¡ns withsignificant load of sand or rock3. Corrosion of pipê in in_stallations wlth high or low soilor Hater pH, and/ot low soil orrrater resistivity
4. Requires controlled back_fill for proper soil support

C. Other OptlonE
i. Corrugated structural plate(M157) 66y be used for field as_senbly for large structures
2. polyner_coated corrugatedsÈeel pipe (M245) provides sorneabraslon protecllon andsubstantlal eorrosion protection
3. Bituminous_coated or linedpipe (M190) provides added .;;;"-sion protectlon, and Ilning pro-

_ vldes srìooth flow line; auraUiittyof coating is guestionable in so¡neinstallations
II. Corrugated Alunlnun Alloy pipe(Ml96) fabricated from a1u¡ninor_rfioy =i""t(r{197)

A. Àdvantageg

. 1. Very lightweighÈ (for
prng )

ship-

fro¡n his letter.

Z. Large range of sizes andshapes
3. Range of sheet thlcknesses

and corrugatlonE Èo provide appro_priate strength
i. Fast fleld assenbly and in_stallation
5. Better resistance to coE-rosion Èhen steel pipe, especialLyin brackish HaÈers

B. Disadvantages
l. Decreased flor due to cor-rugation roughnesa (except lnsmooth_lined pipe)
Z. SubJect Èo abrasion in fasr_flowing strearns with signlficant

load of sand or rock
3. cenerally more costly thansteel plpe
4, cenerålly more fLexiblethan steel, requlres greater carein installatlon; not as tofeiantof less-t,han-nornal cover

. C. Other Options: Corrugated alu-mlnu¡n structural plaÈe (U2ló¡ ¡¿y- 5.used for field assernbly of large 
"iru"_tures

fff. Concrete pipe__unreinforced (r,f86),reinforced (M170), reinforced arch tuZOOl ,reinforced elliptical (l4ZO7l, refnforced boxsectlons (tq259, M273), etc.
À. AdvantageE

I. Large
shapes

2.
wall

range of sizes and

Range of reinforcernents,
thicknesses, and concrete

--1



strengths to provide åppropriate
pipe strength

3. smooth surface for Eood
flolJ characteristics

4. Not subject to corrosion or
abraslon in nor¡nal instalLations

5. Rfgid pipe nore tolerant of
poor backflll coftpaction Èhan cor_
rugated steel pipe

ThÍs Iisting is a superflcial coverage
of the edvantages and dlsadvantages of cor_
rugeted netal and concrete pipe. For nore
specific enurnerations of the advantages of
eåch type of pipe, ue suggest. that you con_
tact the associations representlng each type
in the United States.

ì¡lr. Àlleneier I s letter nakes it clear that a
Iarge nunber of factors govern the selection of plpe
culverts. There is a best applicatlon situatfon foE
each kind of culverÈ currently made aeallable by the
producers. This paper is lnteniled to be a general
discussion of the state of the årt on one of the
factors: culvert. durabillty.

CITLVERT DttRÀBILITy: tnÌERE ARE WE?

Durabillty is deflned as the abilfÈy to last a long
tlne slÈh retenÈion of original qualities, abll_
Ities, or capabilities. Conpered to e personrs life_
tine, nåny engineering structures 1ast a long tine.
John Roebl.ingis Brooklyn Brldge just celebrate¿l its
100th birthday. Stone castles and sotBe uood bulld_
ings ln Europe are ÍK)re than 500 years old. prrts ofthe Great Wall of China are sone 31000 years old.
Eighray culverts are not expected to last Èhls long,but as the highway system in the United SÈates con_tlnues to be upgraded, it can be anticlpat"¿ it,.twith proper care the prirnary ånd fnterstete roadrrays
could well be in servÍce 100 years fron now. Sqne ofthe Interstates åEe already 20 years old. The road-way includes enbanknents, nhlch are e:cpected to bein. service for nany years beyond pavernãnt surfaces,whlch nay need repaírs or replacernent after 20years. To avoid expensive culvert replâcements, adesign life that corresponds to the longer life ofthe roådways should be considered, along with lrrproved fnspection and maintenance prograns for cul_
verts. Shorter design llves for culverts rnay beapproprl.ate for less-develoEled roadways. A regulredservice life for culvert lnstallations ehould bedefined for each project.

Durlng the rapid growth stages of the UnltedStâteE iÈ was sornetirnes general potlcy to select andbulld those types of Etructures ,itr, the lowestfirst cost, elth stnall regard for future maintenance
coEts to the owr¡er. Às thls country ls naturlng,
there ls a trend tonard conslderlng higher initialcosts to reduce future mâintenânce ând replacenent.
This trend places more erûphasis on the cost of engi_neerlng atructures over their entlre llfe. Sorne
refer Èo thÍs as llfe-cycle costfng. fn å recent
editorlal in the Engineering Neïs Record, it is
stated that 'provisions for proper nâlntenånce anddesign for lonest tife-cycle cost6 have always beenItçortant responsibillties of ¿lesigners' (!). wtththe lnconvenience and expense of tenporarlú rernov_ing â sÈructure fron eervice to perlnit replacernent
and repairs, and Èhe hlgh costs of elther repalre orreplacenenÈ, the .proper solutions to the infra-sÈructure probl.êm denand, as staÈed before, is tbedesign of policies to assure ratlonal long-term
pro{trems of naintenance and repair. (l).

The extent of the grorlng concern- for llfe-cycle
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costs is also reflected by the Office of üånrgÐût
ånd Budget (OltB), uhich stateE that .uhere spcclftaôin the blddinq docunents, factors such ae ¿iir*ùiüìtrânsportation costs, and lffe_cycle coata sh¡ffËconeidered In deternlning uhich bid ls for""t. ¡¡f,tàchment O of Ot¡tB Circular à-LOZ. Federâl *"Sf.tliAugust I5, 1979).

SinllaEly, a recently drafted Supplerûental DcltE¡culdånce for conduits by the !¡tiEsourl oivlglon åithe Corps of Englneers (! states Èhàt a lffe-cyci;coat study nill be reguired shen the use of 
".ri.iitypes of conduits in cohesive eoll lg proposed.

. Deterninlng life-cycLe costs for culvertB lr notainple, partly because of the r.fati"efy --¡fro¡î
hietory of perfornance. {vailabLe for a given q,p 

-;;
culvert, and partly because the inauitry ia-ccr:tlnually advancing by producing nev plpe product! ofdifferent rnâterials. In addition tã ehort pcrfor-
mance records, there are algo uncertainties of tbacost of Doney over the analysie period. Eæt;dlfficult, proper engineerlng deslgn ehould lnclr¡¡trconcern for the coelc ^f h,rir¡¡-- -^r-¡-,-reptacins 

"tro"tu.""-] ;;r;-ä;;; ä";:;ii::ri
engineersr âtterûpt8 Èo predlct the useful flfc oiculverts for â side range of products anct se¡vtcaconditlons as culverts græ in ltuportânce ând co!t.Slzes of culeerta hâee grorn slÈh the e¡(prnrlon
and developnent, of hlghways. Àt ffrsÈ culveria vr¡rconstructe¿l of yooden planke, hotloeed loS¡, idrock ând ßaEonry ârcheE. Ssûe of these early cul_vertE usually had short service llvee, shich co¡_responded to the short aervice llves of the ro¡i!¡they served.

Culverts åre noï nade of concrete, atee1, alml-
num, cast iron, Eåsonry, vltrified clay, plartlc¡
and nany conposites of theBe nateriala. Spcclftcr-
tions for acme of Èheae are given in Tâble I (Ð.
Sizes rånge fro¡n enall-dlaneter dratnage plpêr-to
50-ft spans.

In bridge replacenent pro{tråms, lårge culvcrttare sonetimes a b€tter engineerlng solutlon for
lowest llfe-cycJ_e costs (4). There is aleo lncre¡rcit
use of box culverta (concrete, aluminun, antt ateallfor theEe applications. Àt last report rnore thüt
1,000 long-span culverts (16 to S0 ft eidel hrrc
been 1n8ta11ed in the ltnited Ståtes alone (5).

Sdûe of Èhe following factors could å-ffecÈ th.
eervice llves of large and s¡Ball culverts:

1. HydraulicE--lncreaEe in câpacity regutrê-
nent8, nåsh-outs, leakage and piping, flotåtion of
ends, undernining of end eecllong, ând clogging,

2. Structural--loåds (bâckfill materlål lnd
vehicle), earth nKrvenents, ân¿t handling stresses, mat

3. Corrosfon and abrasion--electrical, cherolcalr
and ræchanical.

The ¡nafn pårt of thfs paper is concerned rith the
Present status of understanding and treatlng cor-
rosion and abraslon effectÊ of culverts.

SERVICE RECORDS

Sone historicàl eventa in the deeelognent of rorat¡
ând culverta âre shonn ln Flgure 1. Concrete and
ateel culverts håve been uged under roads for lbout
75 yeårs. Galvanizing of EÈeel began sme ?O yearr
agor use of aluninun pipe stårted aoroe 25 yeârs agot
use of plâstlc pipe began âbout ? yeår8 âgot lnil
ePory-coaÈed Bteel pipe Juet recently cârde lnto ua!.
Along Èhe way there håve been a nuruber of rdåterIll
changes, euch ae the copper content of culvert stcêl
¡nd the ceûent content of concrete plpe. Sæe of
theae changee iruproved Èhe products; othèrE nade thc
products trore cmpetitlve. The nost dranatlc ln-



T{BLE I fürrent Specificatione for Drainage pipe t.?)

S pecrfiø tion
Pipe Varerial

AASHTO .{STM Federal O¡ hera
Steel

Galvanized coüugated steel
Corrugäted sræl structural plate
tÌecoated, galvanized steel

.{lumlnum
Corrugated aluminum allov

^, 
Âlum¡num alloy structurai plate

L On crete
R einfor ced
Reinforced, box sections

Renforced, elliDt¡cal
¡-o nreinforced
Casr.in-place. nonreinforced
Reinforced arch

Asbesros-cement

Cast iron
Clay
r¡dt lr¡cr plates
Plastic

Polyerhylene lpE)
Pollvinyl-chloride (pVC)

A crylonitrile-bu tadiene-styrene (.{BS)

Fiberglass-reinforced ( FRp)

Stainless sreel. culve¡t grade

wr,v-P.405
w\ry,P.405
ww_P-405

ww-P.402
ww-P.40?

c76
c 789
c 850
c 507
C 14

\cf 34óc 506
c 428 ss_P-33 I
c 663
A t 42 ww.P_42 ra ?^^ JJ-r-J6 I
c 179

F.t05
D 3033
D 3034
D 1680
D:75I
D :996
D 299'7

v3ó
M 167
v :45

M 196
y 2r9

v 170
M 159

v :07
v86

v 106
lÁ 217

M64
M6s

M t52

M 164

aNorerh¿t 
ACf i! thc*or"-F ,crere r*tirure ed 

^rsr 
ß rhe ^-**lì-il-iläiI

AISI Type a09

rÐ
1&æ
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rË0
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TABLE 2 FFI*'A Du¡abilitv Giteria for Ìleral Pipe /i/

TransporÈâtion Reaearch Record loo¡

Type of Pipe Listed in Order of
Ascending Degree of Durability

Pipe Fabriøtíon per Soil and Water pH
AASHTO SpecifiÉtion (mirimum-maximum) (mj¡imum ohm-cm) iää.-l

Soil and Ware¡
Resistivitya

Abn¡¡rü
Ratu/

Galvan¡zed Steel Corrugated Metal Pipe

Galvanized steel, uncoared 
_

Galvanized steel, biruminous coated

Galvanized steel. bitumi¡ous coated with paved irvert

Galvanized steel. asbestos bonded with bitumi¡ous
coating with paved Ínverr

M
M
M
M

M

36
l6'7
36 and M 190
16'Ì and M 243
3ó and M 190

6-r0
5-6 and I Gl 2
5-l ?

5-r2
+5
+t2

3,000
r 0,000
3,000

3.000
10.000

l,oood

Mild

Modcnta

Subc¡¡ti¡

Sub¡t¡¡tirlFederal specifi€tion
ww-P-4058c

Alumrnum Allo¡r Corrugated Metal Pipe

Aluminum alloy. uncoated

Aluminum alloy. bituminous coated

Aluminum alloy. biruminous coated with paved inverl

M I96E
M ll9
M 196€ and M 190. and
M ll9 and M 243

M 196 and M 190

4-9

4-9

500d

5o0d

500d

Modcntc

Modcr¡tc

SubstrDti¡¡4-r0

"Mini*ua roil res¡sI¡r¡v dctcrñin€d La ihe ¡åbor¿¡ùry faûil a 5oil lamplc,
bAb¡¡sion ratings ûe ñild, modcrÂtc, tubútut¡¡1, and scvere.
cThcre 

is no A,.ASHTO specificsrion for thi¡ cqting.
dDo*, not appty to saltsater or brsck¡sh htêr when pipc is buricd ¡n clesn, s,ell-dr¿ining soil
cA.luminum alloy alcled 3OO4-H34 per ASTM B 2O9.

for establishing guldes for the Belection of cuI-
verts in specific areas, but correlations of culvert
condltion versus Èhe severity of a specific corro-
aive environment ln the llterature do not generally
Provlde satisfactory reËults on a natÍonal baais,
åPParently becauÊe varfables not taken into åccount
in individual investigatlons Etrongly influence
corro8ion retes in other àreas. For example, corro-
slon of steel ls influeneed by hydrogen lon concen-
tration (pB), other ions (sulfideE, sulfates, chlo-
rides, nltrat,es, anmonia, ferrous iron), calcium
cårbonate in water, electrlcal resigtiviÈy, teÍpera-
ture, oxygen concentration, flow velocity, sulfaÈe-
reducing bacteria, cl.inate (setting and drylng) runifortnity of bâckfilL, and other.

Àppllcation of even these factors can be a prob-
leÍi. Results of a Bureau of public Roads survey nade
some years âgo determined thaÈ corrosion ïaE occur-
rlng on I out of l,t0 galvanized corrugated steel
pipes, even though the neter floH hâd a relatively
neutral pE, Hith no Epecial chemical property that
could contribute to this corrosion (9.). current FIIWA
durabllity criteria for steel ptpe are gieen in
Table 2 (7).

The peEforrnance of concrete plpe can be adversely
affected by alkaline (pE 12 ånd greater) and acid
(pH less than 4 to ¡t.5) condltions, hot distilLed
(pure) water (leaches cabonates), freezing and than-
lng, alternate wetting ând drylng, and 6ulfates of
calcium, sodium, rnagnesiurn, potassiuÍì, aluninun, and
i ron.

Conbinations of naterfals Èhat produce concreÈe
rîost hlghly resistant to agents of aggression åre
thoroughly discussed in .Factors Àffecting Durabll-
Ity of Concrete pipe" (8).

The performance of aluminuni is known to be re-
lated to pH of the eater, resistivity of the back-
fill soil, presence of heävy netals, sorfle kinds of
aalts, oxygen concentration, flor¡ eelocity, and
unifor¡niÈy of the backfil1. A recenÈ survey of
aluninurn culverts in California (9) resulted in the
establishment of plans to approve the use of elurfli-
nu¡n culverts in nonsaline, nonclay solls of pH be-
tween 5.5 and 8.5, eith a rninirîum resistivity of
1,500 ohÍì-cm. Under certain narginal conditions (pH
5.5 to 8.5 and resistivity of 500 ohm-crn, and pH 5.0
to 5.5 ând 8.5 to 9.0 and resistlvity greater than

I,500 ohn--ctn), âluninun nay be allosed on aÞ?rog¡l
of the Trånsportatlon Lâboratory fFigure { (Ð¡.
Guidelinee recoúmìended by the Alu¡ninun lEsoclaElo
and KaiEer Àluminun sere established in 1969 (¡8.
FEI{À durâbillty crlteria for alu¡ûfnrn pipe ¡l.-r..Etringent thân Câllfornlars) âre glven ln Table 2.

Plàstic culverte âre highly reslstânt to chcrlc¡l
corrogive rgenÈs and abraeion. They do need protcc-
tion fron ultraviolet (uv) Eunltght during Etorlqr
and at culvert ends protrudlng fron the goll baci-
f111. Other considerations nlght include thelr po-
tential fcr burnfng and for 6tress-related dlstre!!.
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FIGURE 4 fündition of aluminum crown samples versus pH
and minimum reeistivitv of adjacent backfill 19i.
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lv.Þe of Ploe
n¡C srrcoth-rrål1

PB tubing, corrugåted
and Perforated

ABS composite-wall pipe
À8S pfpe

Suitable Use
storrî drains and

Per forated underdralns-ilnderdrains

Storn draina
UnderdraÍns

Rlng

Thc. majorlty of plastic pipe fs used for under_drains. Eouever, a recent Ecudy indicates inat it iErppropriate ro constder ptastic ;ì;.- ;". orhertransportatlon dralnaEe applications 
"" 

rorror" 1¡¡¡ ,

5

5. Asphalt adhesion to aluninun is poor. Thiscoating would not be satiseaclory in' abrasive orcorrog ive envÍron¡nenÈs
6. Epoxy coaÈings and vitrified clay llnerE areeffectlee when uEed 

"n ""n.i"t"-î lårur. Etreams.They ¡¡ight also be,.useful on .o.rug"JJ metâl undercertaln severe condltionE.
7. Àdheslon bet¡reen asphalt and galvanizedsteet can be lmproved througi rhe;;; of surfacetreatnents and primers. rt.. ¡enåiiä. or improvedadheslon should be evaluaÈed
8. Àfrbestos-bonded asphalt coating ls moredurable than plaln asphalÈ coating, ;; it is alsosubject Èo deterioration in 

"¡r""i"" 
-o. 

high saltenvlroru¡entg.
9. The durability of asphalt coaÈings ls in-fluenced by applicatlon pro."àui"", -"1î-"=ion 

to thesubstraÈe, seasoneÌ tenpe_rature 
"h"ng;;, water ab-sorption, rurbutence 

_:n 
'rtre ;l;"#-;iãi, and abra_siveness of the bedload. e"pi.ft' i-s- satistactorywhere abraslve flows and high salt conaÍtions arenot encountered.

10. Àsphalt måsÈlc .is not a durable coating.It. Àsphalr co¡îposlrion 
";ri;;-;;;y dependinson the source of crude oit. perrorr"ili ,r"ri"tion"of culvert asphalt are attributable !o Èhe Ìraterabsorption and âbrasi-on pro9.rii""--ot--""pr,"1t andcurrent methods of appltcaiton.

L2. There are se,veral alt.ernatfve eoatingE thaÈshouJ.d be evaluared for use 
"" ;r;;;;":'rn."" 

"o.._ings, ¡rhile more expensive ttãï - 
"u-rï.nt culverÈcoatingg, could be coat effecti"e for- s.fected ap-pllcåtions, Euch aE on inverts.13. Many state and À.CSETO speciflcatlons shouldbe nade rnore speclf lc.

In sone severe envfrorunentg, materiâlg knosn Èo bedurable can be used tn prJ";;-";;;;njs or otnermeagures.
The SoiI Conservatlon Servlce, after a survey ofspillways in rona, Kansas, ufsEouri,-anã Nebraska,drafted Èhe forl.eing protective measureE for cor-rugated netal sPillways (14):

A sÈudy by the Corps of Engineers for pg¡tA (12)lrdlcated that both pvc and 
-pe 

slotteJ underdrainpipes performed EaÈisf actor f ly 
".d;; 

-;;-.r"/ 
repeatedloada rhen lnstalled

ar 12- and r e- i r.- ã.pt ll, "."13n"!j.'i""er'r'¡o r ". bac k r I t I
other typer¡ of materials thet 

-r-åi 
U. u""u forculverts include cast_ iron, .f"" -iri"=, 

masonry,¡talnless steel, and conposiÈe types 
-";í 

ag rein-
iü;":,,:llii::^-':t_. :..:LÈ ;;J- pi;";i., sreer

-¡¡¡srÞ, Þçce¡_ wlEn Concfete lining, andconvenrional pipe wirh a wide,".i.ü;;.å"arnr".

CIßVERP PROTECTION

to extend the life of culverts in corrosive environ_
Tnls, various protective means .r" 

- 

"rpioy"a. Themrt cororrcn äre lhe coatlngE 
"pprilã io."t""r .ur_rart!. In addition to 2 o.z ot zfnc g.l,r"ii"irrg p",rguare foot (1 oz on each sfde) , " 

.äaing of as_Dùllt hås been popular in rhe tJa. ;;;.rfornance0f asphâlt coatlnga, as well åa other typ"", wagl.c.ntly eealuated by a.study funded UV rrrwa tf¡1.' It uås deÈernined that most À".aiåS""Tre effec_tlrc ln sltuåtions where runoff does not fncludeaôttlfee debrls and the^rater does noa'-"ona"tn allgh percentaEe of s3rufle- 
".-ù-","-p"rttcutartyl_"::,tu= Att orsantc coartnss i""pét.ïìere Eub_, l¡ct¡¿ to i'pâcr 

""a_ "uiÀ"lå; ;;;.=r';;.ä=, :fr
F.fl.. 

u",:ïr_"_r"^1T.,yTt., weÈ âlkati o, "àrt condi_tlql!. rôv pF condfÈiôns rended ro cauae ar:ilff.i;0f_Tny c-oatlngs by âttacking tf¡e nretai-sJuErråte atættlng defecrs. in thls 
"t"av-- c'r,ã-äi' etfectlve9ortlng systen found

Èdtå";:;;='.or'rî'.'..t"" "n asbestos-bonded, as-
bl,-tnur_^^-¡^¡ _-_- .,d galvanized steel plpe. one:.lolyetnyt-coated "t."r .ur,r., f 

--"na -;:^ 
""rìff;r:::Fftl ,::r,"-.1-:": _îT1""a ,..J -"i"ï perrornins

rtrhred by rhe' i;ã;;;';ï,:: :.=::,nave- _b€en con-

åî, j::.ï.'l"rÏll'.li"o::1'"iîïå1]it.,î.ï.iîr:::¡r costs are not considered.
scae conclueions fron the FEm-sponsored study ontlngs are as folloss¡

!.[, and- ".".år ".r iã]" :ï=^^-1,"-"-- Perrornlng

loiq.J " 
r ".ï' iniî'. rT," " ;å ,å"rï'"F,i" r1î:;5;Qcy.coated steel and

:[.i:":r=h;;ï;.:':":."i;,*ï*"i"ï:":'ü";'::"-.

1. Use asphalt or other approved coåtfngs on allcorrugated steel pipe except (a) in Jenrporary in_stallations¡, (b) where ex¡rerlence in si¡nitar sol.land nrslggu¡e condt¡rn¡s 1'¡ ñ;-";" indlcates ajustffiabte econo¡nic rree Èor 
"i1""î.ïpipe, (c) rhesolt resistiviry exceedg eOO ot¡¡o_.J]-ai. O" ts 5.0or greater, and there is no erperi.n.i-ìn the areathat indfcateE an unusuatly corïosive--conaition; or(dl replacenent ie relativefy easy-"iã ,o, 

"o"a,such as_a snall pipe wlth shalior, .;;";"-¿. Do not consider. corrugated steel pipes to bewatertighr. Do emphaslz. tnã ."."lui aåsently ana

åt3:ir'l"t:t 
of bands to Produce "" tieni a pipe as

3. Do not use Daved. inverts on pipes deslgnedfor presEure flow ¡irop. lnlers o, too¿ãã'ìnlers). rfpaved inverrs are .equtrea, aesigi-ül'pip" Èo ¿rs_sure channel flow.
. 4. Design plpe grades Èo avoid pondlng of t aÈerin a pipe whenever sfte con¿ftiois"Ë¡nft. Thfsincludes a posltlve 

-pipe grade 
"t1"i- foundationserrlenenÈ and a free-diafnlné 

"uir"i.--'5. .Backflll pipes with È},e feisi-corrostve soilavallable that neeÈs other backfill requirenenta.
T:::,:".t_T: s rr ishes r,"" r 

"t 
i" ilvl - ;,;ä' ;ï::i;

:='."":ff .r:::_"^..r,.;_1.-."i-tä-ï"'-i:",iTiJ'niJ;roilli:: :S^:T:^ sor 1. ¡ûâre r iar eor 
-ã ri-ia;iriir,'-il..i"ïjI ng-.unde,rcurr tng r,he p ipe g rade 

"ia ii"ì irg^,.;"i::"";I ft of backfill beneâth tt¡e pipe. i-ree_araintnggranular materials are usually ieãs.o.rosive thanclayey solls.
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Recently, pip€ culvert produceEs have nade avail-
able corrugaÈed steel with either prine aluminun or
a nixture of aluninun ånd zinc coatings. The alurîi-
nfzed steel has a perforrnance history dâtlng back to
the 1950s, when erperlnental installatlons of aluni-
nized eteel were placed åt 21 Bites in ? environ-
nenta. It has been reported Èhat a gecond group of
lype 2 aluninized pfge sas later placed at nore than
150 Eltes. Thege nos have an experlence record of 25
years. Perfornance has been reported to be good,
except in salÈ rrater, nfne sâter, and ganltary
aeïage erposures (accordlng Èo ân ÀRt¡tCO nernorândun
by Eerb Lewson, rData on Àluninlzed Stee1, fype 2,
Corporated SteeL plpe.). IÈ Hould åppear fron¡ the
datã obtained thus far thåt specification require-
nents for this materÍå1 Ehould lnclude lirnits on
chlorlde and sulfate content, in addition to pB.

concrete pipes in sÈrongly acid environ¡nent9 have
been protected by clay Èile set into the Invert of
the pipe. Protection should be consldered ehen the
pH ls Less Èhan 4.5. In high sulfate areaf¡, aE exfEt
ì - ---òã ^C !L^-¡¡ yqrLÞ v! L¡¡s rsÞLr!¡¡ u¡¡tLcq Þçéce5, pfqEecElofr
can be achleved by changlng the type of cerûent and
lncreasing the anount of cænt fTâble 3 (Ð I .

l{hen no head walls arê uaed, several northern
atâtea require that end gectlons of concrete cu1-
vertE be t.ied together wlth restraining ¿levices to
prevent separation cauged by frost actfon or under-
ninfng.

Thln-gauge alunlnun plp€ lg protecÈed by !n
¡lumlnum-zlnc claddlng and occasfonally nith an
addltional bitunlnous coatlng. Adhesion of the ås-_
phalt cân b€ a problen. Thlcker-gauge aluninu¡n
atructurål plate fs nade sith 5052 âIloy not pro-
tected by cladding.

I{here culverts are subject to åbrasive bedloads,
à8phålt or concrete pavfng has been used for addf-
tlonal protecÈion. Other nethods tnclude ualng
thlcker plateE in the invert, steel raile relded to
the lnvert, and other special technlques. fn ex-
trenely âbrasive conclltlons, concrete plpe is oc-
caelonally protecte¿t by a concrete pâving in the
invert. gfbere corrosive condltions are severe,
sacriflcal thlcker walI sectionE hâve been uaed for
nearly à11 types of culvert.s.

INSPECTION

Detectlon of atructural, hydraulic, or corroelon ânil
abraslon problens when Èhey åre the nost econonlcal
to renedy requlres periodlc inspections by trained
and equipped lnsp€ctora. InEpection also provides a
basfs for updating exlEtlng nethodr¡ for predicting
service llfe.

CulvertE achfeve nuch of thelr econcrnles through
the structurâl use of backflll properties. Struc-
Èural distress nechanisns åre different frqn those
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coÍmon Èo bridges. An underatending of the ¡611-6ÈrucÈure lnteraction ae well aE the corroeton-úir.
sion interactlon le needed to obtåfn i"f".r.îi;frøn inspectlon thât yitl be ugeful for eetabll¡tt-
optlnutû rehabllitatlon tlpe6- and rfunlng. ConAiffJrating aystetûB ln use vary ridely. Develop¡€nt of IcotE¡on ratlng systero tould be a valuable etep earri
a nationrlde basle for predfctlng the sereicc lttaof culverta.

À sanple lnspection forn uged for ân FÍl¡fA culealt
seudy In Oregon is ehown in Pigure 5 (15). In rttau-tion to the Èype of infornrtfon shõ on t¡c¡.forng, a field evâluatlon of long-span culyrrtt
ehould provide for nonsymretrlcal ano¡nalies such ¡abulges, aeam diatrese, ând out-of-original ¡h¡p¡.
TheBe can be a clue Èo potentiål problens vlth tòrsoll-Etructure interaction.

It has been recoÍÍlended thet major culverts ba
lnspected at leâsÈ every 3 yeârg, and r¡ore often ttl
knoyn aevere corroglve environ¡nents (3).

IIÀIIÍI'ENÀNCE ÀI¡D RBPAIR

In additlon to routine clearlng of debrls, chfch c|¡|
cauae or threaten blockage of flor, and renoval ol
åbnorDâl accunulatlons of dleposited sedlnent, rltrr
tenance of culverts nay include naJor repalrr ot
corrosfon and abrasion ddnâge. Technlgues crplo¡it
for ûetâI culvert6 have lncluded recoatlngt ttnlng
uith concrete, cenent grout, ând plastlcs; pÌuggfu¡
of leaks vith expanding bande, groutlng¡ and rttit-
lng; and lnsertlon of a snaller pipe. Concretc csl-
verta have been repalred by relinlng elth groott
occaelonally by renoval and replacenent of dêtêrlo.
rated concreÈe¡ slth the insertlon of clay or plr¡-
tlc llnere¡ and by applying potyrer coåtlngs. f'tr.
hlgh cost of replàcfng and repalrlng long culyêrtt
under deep flllE JuEtlflee an evaluation of rcprlr
technlgue8 uged in the pâst. tshere they âre found to
be elther ineffective or overly ex¡renslve, thc atc-
velopoent of luproved ånd rcre econo¡¡lcal techntgur!
ia sarrânted.

ESÎII¡IåTION OF SERVICE LIFE

Servlce llfe rill probably contlnue to be Èhought of
aE the yeårs of relatlvely n¿rlntenânce-free pcrfor-
tnance. !,letbodg used to pretlict the probåble aervlc.
llfe of a culvert include

1. FieLd perfornånce of in-eervlce culverta,
2. Fleld prototlrpe testa (such aa have bccn

conducted by Kentucky, Loulslåna, ând other stâtr8),
3. The p€rfornånce of naterlåls in other flclil

âpplicåtlon8,
¡t. Låborâtory nethoda, ând
5. Ànâlytlcål nethods.

l
I
I
I
:

i

TABLE 3 Guide for Sulf¡te-Re¡ietant füncrete Pipe and Other füncrete
Drainage Structu¡es /3/

Wate¡-Soluble
Sulfate (SOc) Ín
Soil Sample (7¿)

Sulfate (SO¿) i¡
lVater Sample Type of
(ppm) Cement Cement Factor

0-0.2
0.2-0.5

0.5-t.5

> 1.5

0-2.000 II
2,000-5,000 v

II
5,000-1 5,000 v

II
> 15,000 v

Minimum requúed by specifistions
M inimum required by specifications
7 scksr
Minimum required by specifietions
7 sackd
7 scksr

Noie: Recoññcnded mdsu6 for ccmcnt t¡9c úd frctoa bú¿d on sulflte contcnt of þil úd utcr
(C¡lifomi¡ ?-651.3D).
ôScvcn-gck ccment = 390 kg of cêñenl pq hcia¡ of cof,crcte.
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current nethoda of Predlctlng culeert servlce
llÍr are often t'he reault of a cqrblnåtlon of one or
þrc of the actlon! tn the IIEt. Hlghly reglonalfzed
9þ ituraUtltty Perfornânce dtata iterived fron fleld
paìCot*n.. 

"oio.y" 
often reYeal a lack of agreement

!¡c one reglon to another, depcndlng on vh.lch varl-
¡btc! are lncluded â8 Predlctors ånd shlch other
t¡¡tlblcE are dltted uecauge they have only a srnall
v¡¡latlon ln onc reglon, even Èhough they nây be

llortrnt ln ånother region.
Rrthcr thân relterâtê onê or nore of the illf-

lrrcnt predlctlon roethods currently ln usc' a st¡lû-

r¡ry of thê stâÈesr assl.tled ugcful culvert llfe for
rvirel tlper of culverta ls shovn ln Flgure 6'

derlved fron the resulcE of a recent natlonåI Survey

Uy- ttre Nee York State DeParuîent of Transportatlon
tfql . Thls stJttûârtr å 'lum¡'ingr of envlron¡ûental
cã-ndltlone, soll tlrPes, inEtallâtlon nethods' andl

ocher factors, ls lntended to indlcate that there lE

great varlabtllty ln field servlce condltlons and

pa.totta"aa.*P"il"rrae, an'l âs a result Èhere lE å

vide range of aEsuted years of useful culvert llfe
by the statea.

LaboraÈorY teEts are s@etlnes ugeful for deter-
nfttfù relative durablllty, but triore often than not
tiãV 

-.t" 
not illrectly lndicatlve- :-f f.ield perfor-

r"iå., excePt tn ttre rþ8t carefully deslgned and

conducted test Prograns.---;; 
exanple óf À ef"f¿ PrototyPc Etudy 13 a con-

tlnulng Etualy ln Loulsianâ (17) ' Panel .ratlngs of
the cuiverts aE 2'¡ 4-, and 6-year perlode reveal a

qraaual dlecline In condltlon for nearly all Èhe

Éfæ"e "t 
netal culvertE lncluded ln Èhe study' å3 the

aiia gtven in Table { (P inôlcate'

FEÎIÀ TECRNICÀT, ÀI)\rf SORII

The Fmff Élret lssued â Technlcâl Advfsory on cor-
iug"i"ã netâI PIP€ ãurabtllty Èo itE fteld offlces

"iá 
t" tt¡e gtacãs In March 19?8 (5) ' thls raa ln-

tended to encourage and heIP thJ states spcclfy
equal-alternate naterlalg for sorie culvert' under-

aåln, and stor[ dratn appllcatlona.'---i 't."l"fon of the igZg fect¡nlcal Advlsory eaa

Issued bY the FEwA Offlce of Engineering ln October

1979 (1). A sumâry of revised durabllity crlterla
ie glven In Îåble 2.

Altunld L¡l' iñ \¡b'n
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FIGURE 5 FtfWA'Oregon Division culvert pipe inepection report /15/'
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TABLE { Change in C¡¡lvert Condition *ith Time /1 ;i
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and thaÈ pogsess the strength needed totural requlretûents. ço ¡ûeet tt¡lF-
6. À few statl

c or rog ion 
"ns 

r n"", 
" 

t 
or 

t t=Ë.i"t tlt 
î""" ï¡::l"" . r-orhers eour¿ uenelit eioi--ti;-'J;'r.'råit'.;.T*specfalists, not only to ànalyze p"a-.ìaîf or act¡rlcorrogion of culverts, but aiso i" ;;;;of orher facitrttes such as bridge u-"-#""iu*iif;llng systens. Developrûenr 

"; 
--i;-il":

through rraining prosrans is a E.conãã;" "räitienhancing capabllity.
7. Currently, only.a few transportetion ¡gêrìcfü

::.ir'ä'="'"'"'å.:i,i."^ï:T:,Ë:..i:..!.îi"å'ïjij,,ïr¡ore inrenstve researctí eriãit -'lï 
a-"lî"ute; tr*-ever, there is gone guestion 

"" a" i*-ao org¡nt¡¡the research. One ap¡rroach rnight be a najor stuattwith natlonsfde support, by- all- irin"porta$oagencies. À aecond å-pproach *ouf¿ corniùe the !!-f orrs and f undins of transportatf oi-'ìän"i". tU¡thave corüþn ¡rroblens. Indi;idual 
"gJrïi"" shoüldcontinue to docunenÈ contltttnno r! E^.. _r_

rations and ro p".eor, -in--l-"o1i'"."rr"""'.?"i.åï
exlsting ptpes are renoved o, åpf""eJ. -"-

with a ner nationål enphasls on rehabllltatloaand replacement of bridges, ana- a 
-Jo.r""pon¿fog

increase in the uee of large cuLver;",-;; ls hçodtthat englneers rril1 .contlnue to ,"i" i.ogr""" adurabirity, inspectlon, r"a-- å-"ì_eãi".tio"nc¡¡cr.iteria for highway culverts in iie--ioresecúLfuture.
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Gaivanized sreei
I 2-mrl coaLtu polymer over galvanized steel
¿u-m¡J coaj-tar polymer qver ga.lvanized steel
I u./ J-mil polyethylene over galvanlzed sreelL.:.:-mil polyerh),lene ovr galvanrzed steellu J-m¡l vrnyl over galvaniZed steel
Asphalr on galvanjzed sree!
Asbesrorbonded asphalr on galvariized steel
Ltao alumlnum allo!
Asphalr on clad aluminum al.lov
Alumrnum alloy srructural plate

?.0
t.ó
1.5
t.3
t.3
1.4
1.4
1.3
t.l
1.4
?.0

11: -9ir:^sil9 "_"9lôse 
rarins ror ,, ,,,". lpn ro lìlfffiiJilãi(ohm-cm) 92-20,66;l.
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a

aPanclratings: I =exce¡lent.2 =good.3 = fsir,and 4 =poor.- Perfor¿led al one or moÍe loca¡¡ons B,here conditions were more severe.

To dåte there have been no FFwÀ durablllty guide_Iines established for concrete pipe culverts. Fg¡{econtinues Èo encourage the use of alternative rûate-rials .in drainage. design tfrroujh-"--prog.", thatemphâsizes area objectives (accorãlng to â t9g3 let_ter f rom FHI{A to À.Rt¡tCO SteeI Corfrration) . Statehlghway agencies are encouraged to adopt an ongoingvalue-engineering prog-ran. A systematiå approach invalue-engineering ana1y""" u".'" -iie"_åv"r" 
costingtechniques, as appropriate, to reliabiy obtain thedesired funcrion for cutverr f;;ülly aÈ toresroveralL cost.

Based on avaitable culvert perfornance infor¡na_tion and durabiliÈy criteria 
"" it,"f"aes to thedeveloptîent of both the highway syst; and inprove_nents in culvert ,nåterials, tie -science 

(art) ofpredictlng the service life of cutverts is still inthe developrnent stage. Refinements in currently usedcriteria are needed. Horrever, tià .eratfonshlpsestablished to date,. when used with care¡ may beadequate for specifying equar-arter-riåte-proaucts fornany design situations.
The high costs of rnaking field perfornance sur_veys, both in ¡nan_hours and in eitheï overspecifyingor underspecifying culvert durability regulrements,strongly indicate a need for a detallåa 

"tuoy of allknown docu¡nentation of culvert an¿ cuiuert naterfaldurablliÈy per foEnance.
Research reconmendatlons ln NCHRP Synthesis ofHighway Practice 50 (l) contlnue ao ¡. 

"r, importantneed.

. -1. the apparent poor correlation anong corEosionindicarors indicar.es that the eolleclion of adai_tionâl data on existing culverts ãiã-ã"tings.na
!h. continuation of research in --ani-" 

area ared es irable.
2.- Transportatlon agencies erfth sinilar environ_mental conditions shouid- rvork tog"if,l;- ro developimproved pipe naterial selection 

";i;;;.3. Coatings and treatments have Ueen oevefopeAto prorecÈ culverr pipes. n""""."1 -iJ' 
nee¿e¿ todeter¡nine the effectiveness of these coatings andt.reatnents, the specific applicability oi eacn, anatheir economic value.

4. A culvert located under a deep fill or undera highway with high traffic volurfles 
".nn"t be easilyreplaced. Research into nethods and ¡naterials thatean be used Èo salvage in_place ."f"àil" would behighly desirable.

. 5. There should be a conÈinuing search to iden_tify culvert naterials thaÈ are resisÈant to corro_sion and abrasion under a ria.,uigã-ãi con¿itlons
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Corrugated Eteel pipe has been used for drainage
applicaÈions since 1896. Continuing effort has been
made in the years since t.hen to improve the perfor-
mance of corrugated steel pipe Èo ensure iÈs dura-
bllity and efficiency.

In the eerly 1900s iron and steel culvert sheetg
were hot-dip galvanized Èo irnprove corroslon resiE-
tance. Around 1925 Èhe use of an asphalt coating
applied over the zinc was cleveloped Èo reduce cor-
rosion potenÈiaI. This rernained the state of the art
unt11, in the early 1960s, trial installatlons of
culvert pipe made of a chroniurn grade stainless-
steel sheet were placed in highly aggressive acld
rnlne runoff areas in Ohlo and pennsylvania. Coal tar
enamel, an effective and often used coating for gas
pipelines, 'dås also tried. ReEuIts indicated that
coal tar enanel and stainlegs steel can provide
extended servlce llfe. Hoeever, rnaterial costs are
expensive, often doubling ehe cost of conventlonal
zinc-coated pipe, ând are not necessary for nost
corrugated steel pipe installations not subject to
such severe envirorunenÈE under typical conditions of
use. For noderate to severe envirorunents, an asphalt
coating over mi1I-galvanized steel remained the
econonlcal cholce.

The need for an even better protective systern nås
recognized that would provide enhanced durabillty
and gervice life. A polyner coating applied under
controlled mill condlÈions would provide such a
system. Such a coating rrould have to be easy and
cost effective Èo apply with conEistent high gual-
iÈy. Speciflc reguiEernents would be good adherance
to the zlnc surface under a full range of exposure
Eenperaèurest good impact propertÍes throughout such
a tem¡rerature rangei good abragion resistance under
a rânge of typical bedload condÍÈions¡ superlor
corroalon protectlon over Èhe full range and con-
centrations of acicl and alkalai Eolls and effluents
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Durability of Polymer-Coated Corrugated Steel Pipe
CARL M. HIRSCH

ABSTR.ACT

Corrugated steel pipe has been in uEe for
nearly 90 years. various coaeingr¡ have been
enployed to increase its service life and Èo
Provl¿le durability in severe environments.
Hethods have been developed to precoet Èhe
culvert stock with a polymer rnaterial,
either as a liguid disperslon or as a
thernoplastic fllm applled by lanfnaÈlon,
before fabrlcation. The coating naterials
EelecÈed have proved to be easy and econornl-
cãl to use in the fabrication process and
can pass stringent tegts and EpecifÍcations
as required by ÀÀSETO and ASTtt. Test loca-
tlons and accual field service lnstallations
have establlshed the validlÈy of the concept
of coating galvanized culvert stock with
PolFner naterial. Actual condltions of use
in severe environments, which range from
acidic to alkaline soils and effluents,
abrasive bedloads, extrenes of teÍrperature,
and varying condltions of wetting, have
denonstrated the durabllity of polyner-
corted Eteel culvert pipe. In this paper the
reaaons¡ for the developnent of the polyner-
coated corrugated steel plpe are presented,
the manufacturing processes uged to måke and
fabricate the coated Eheet and corrugated
cul,vert pfpe are described, Èhe tests that
the coated naterlal must pass Eo be accept-
âb¡,e are explained, and data on the actual
field perfornance of installed poly¡ner-
coâted culverÈs, which denonstrates its
Iterfor¡Dance in a varlety of severe service
cnviroruîents, are presented.


