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Corrugated Steel Pipe Culverts

JOHì OWE\ HURD

ABSTRÀCT

In this paper information is provlded re-gardlng Èhe durablllÈy of protectlve ltnlngs
for concrete pipe and galvanized corrugaÈed
steel pipe (6 x 2-in. and 2.67 x 0.5-ln.
corrugations) used for culverts aÈ corroElve
and abrasive sites in Ohio. The performances
of epory-coeÈed concrete pipe, polymeric-
coated corrugated steel pfpe. and asbestos-
bonded bituninous-coated-and-paved corru-
gated sÈeel pfpe hâve been rnonitored for thepast 10 years. Observations and conclusions
made Èo däÈe are reported. AII three nate-
rials have provided satisfactory protection
of base pfpe material at study sites, except
for polymeric coåting at abrasive sites. Theperfornance of other types of less fre-
$¡ently used protective lfnings are dls-
cugsed Èo a limited extent.

areas of the state Èhat had rnore aggressive environ_
menÈal conditlons. Their locations are shown inFigure I. The following data perÈinent to culvertdurability nere collected at each síte:

1. Pipe size, materlal !y!re, and wall Èhickness;
2. Type of pipe protection,

a il w. x.ntuckt

FIGURE I Culvert location¡.

o 7 E. K.ntucky

3. Depth and velociÈy of dry weather flow;
4. Presence of abraalt'ê naterial and apparenteffectt
5. Àroount ând type of sedlnent or debris or both,
6. pE of watert ånd
7. Descriptlon of protection and protectlon

ratlng (see Tabte l).

PERFORI{AIICE OF EPOXY{OATED COÈ¡CRETE PIPE

EPoxy-coated concrete pipe has b€en used for the
Past 11 years fn Ohlo for corroslve culvert site!

TABTE I hotection Råtingr

Rating Dessiption

HrtêrlaI durabllity 1s an irportant factor ln the
dêternlnåtlon of irhât type of pipe is Eelected attpccific culvert sltes. Before l97L no accurâte¡cthod of predicting the service llfe of culvert
pl¡rc rûrterialg in OhIo was available. pipe selectlonr¡¡ .baged on the ex¡rerlence and subJective Judgrnentot the designer.
, Publfshed reports on the durabillÈy of culveEtsln other states nere reviewed (!-Ð. It sae notedthrt the effects varlous enviro-nfental parameters
hrd on culeert durabillty varled widtely anong thererults reported by the dlfferent statee. Becâuae ofthcce varied results and because environnental con-dltions ln Ohio sere unllke those in åny of theseothcr statea, the Ohlo Departrnent of transportatlon(ODûI) decided to evaluaÈe culvert plpc durâblllty
Ln Ohlo.

In the fall of 1971 omT began a corqrrehensive
¡Ird contlnufng progra!¡ to evaluate the ffeld perfor-
r.ncc of varioug ty?Gs of pipe ând ptpc protectlon
u¡cd for culvertg in ohto. part of thii progran haslnyoleed the periodlc inrreetlgltlon of ihe pertor-ll¡rcê of epory-coåted concrete plpe, polpteric_
cottcd gålvanized corrugated steel pipe, and asbee_tor-bonded bltunlnour-coated-and-pived corrugated
ltæI p_ip". Earlier reporrs (1_q-12) publlshed byoXtF ând FEtfA provide infornaÈl-on-on tïeee tlntngã¡erilable ât the tlne of their publicatlon. ThlsrGtþrt proeldea updated infornatlon obtained fror¡lnap.ctlon! in June and July of 1993.

IIELD INSPECTION

A. toÈâl of 26 egoxy-coated concrete pipc culverts in*1o, 57 polyroerlc-coated corrug"ieå steel pipe
culYarts ln Ohio, and 38 âsbeatoa-bonded bltunfnoua-
cottcd-and-paved corrugâted steel plpe culeerts inIDdhn., f,entucky, and ohlo rere inãpected one orþrc tltrGs b€tyeen 1972 and presenÈ.

lhe culvert slte8 sere prlnarily locåted in those
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ExceI¡ent
Very good

Good

Fai¡

Pær

Condition as const¡ucted
Slight erosion of paying or weü on coatings; no signifi€nt

loss of interior protection
Slitht loss of interior protection (isolåted areas of loss at

ends, joints, o¡ seams); significant erosion of paving to
top of corrugations, but no ex¡nsed corrugations -

Protection los to the lpint whe¡e signifisnt amounts of
the ba* pipe are expo*d

Protection failue (no longer useful)

Notc: R¡tin¡! úc bed en con¡¡dÉi¡3 only thc lorer onÈh¡lf of thê conduit.



;r?*
t
r

:

å

i

36

(water pE of 4.5). Its use Has prompted by the non_
aveilablliÈy of vitrified plate-Iined concret.e pÍpe¡
vhich had previously been used successfully ior
harsh environmental conditions (I0). The currenÈ
ODOT specification for epoxy-coated-concrete plpe is
as follows.

?05.03 aeinforcàd Concrete plpe, Epoxy
Coated. lype A pÍpe shaLl conforn to ?06.02
ând lìrpe B shåll conforn to 706.04 elÈh the
following addltions: In the plânÈ, the ln_
terlor barrel and joint surface areas of the
concrete pipe shall be prepared so as Èo
retnove all forns of oil, laitånce and other
deleterious naterials anal then be lineil with
a high-build, polyanide-cured, 2-co¡nponent
coel tar epo:<y coating, ¡{ilitâry Speciflca_
tion HIL-p-23235. The llnlng cornpound shall
be sprayed to obtain a contlnuous and rela-
tively uniforn and snooth lfning rrith a
¡nininum dry fllm thickness of O.03 inches.
Ali coated pipe shall be free of surface
irregulårities such ag ¡ir bubbles, delåtni-
nätion, lunping, eaggtng, blistering, pin-
holing, or porosity in the coating film.

A conpllatlon of the data collected fron the
inspections of the 26 epoxy-coated concrete culverts
installed to date in ohio ie given in Tåble 2. À11
14 of the ll-year-old culverts ¡rere located on oneproject. The coâtlngs for these I¿l culverts appeared
to have been brushed on thicker than necesr¡ary
rather than gprayed on as required by current speci_ficåtions. fn general, floss at the sitee ranged
fron nonabrasive to noderately abrasive. Seven cu1-verts sere fully lined, flve culverts had the bottonone-half coated, nine culverts had the botton one-thlrd coàte¿t, and five culverts hâd both the bottom
and Èop one-thirds coated. No reason can be glvenfor coating the top one-third of the last fivepipes, except error.

the protection on all but one of the epoxy-coateil
concrete culverts ras rated very good or excellentat the tlme of last inspection. The one culvert rith
Protection rated poor ras a relatively new (4_year_

TABLE 2 Data for Epoxv-füated füncrete pipe

Size Age
(in.) (yr) pH

Flow
Depth
(in.) Flow Velocity
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old) 8-ft exÈension of an exlstlng vltrlfied llncdconcreÈe pipe. Àt the tine of inepectlon the flofcondftione sere mlld (pE * 7.I, no abragive n¡tc-r iâl) .
other thån the one culvert with a poor protectlon

râtlng, the procectlon on all culvertg z yeare olitor younger ras råted excellent. The protectlon ;¡Èhe ll.-year-oldl culverts ïãa råted very good. mother neåsured parameter except age appeared to hâvaan effect on the Eerforrûânce of Èhe epoxy coatings. -
Because of the preceding observation8 rnd thalinited age range of culverta studied, no fn-acpiiEtâtistlcal analyEes rere perforned to aevelo,p- ¡predfctive nodel for estltnâting the service fife oiePory coåtinga. Eouever, Èhere sere observationr

nade in the fiel¿t thåt provide lnformatlon on fæ-tors that affect the perfornance of epoxy coatlng.

1. Slight peeling sas obgerved along the florinterface at the plpe ends (Iast I ot 2 fE yhere thê
o{æ lnÞcr{a ¡ }^ ¡¡---À -,--.- È5_ bÃFcEg Lv q ¡r rçL Ëun, on 5 ol tÞê
14 culverta Èhât eere II years old.

2. sub8tântiâl peellng sag obgerved on the tçof plpe sectiona thàt extended beyond the roactray
enbanknent on all five of the ll_year-old culvcrt¡that had the Èop one-thlrd of the plpe eoated. Eor-ever, no peeling ïaa ob!¡erved on the top of plp.sectiona covered by the ffll at these locatiãn¡.
Sone peeling rraa also noticed on the edge of thrbotton one-Èhlrd of the pavlng on end seetlon6 o!8ol[e of the Il-year-oId culverta.

3. plànt nårklngs on the one plpe slth poot
rated protection ln¿llcâted that the ptp€ gecÈion r¡¡
nanufactured 3 years before insÈallatlon.

fÈ cån be concluded frmr the fir8t tyo observ¡-tlons that the long-tern exposure of pfpe rrecttons
to sunllght hås â iletri¡nental effect on the ¡tt-
herence of eooxy coåtlng.

The thlrd observ¡tfon suggests tso posslble rêâ-sons for the poor coating perfornance rt that onê
slte. Ead the plp€ sectlon been coated at the thcof nanufacture and been exposed to dlrecÈ Bunllght
in Etorage for 3 years, coatlng perfornance roultt
have been advereely affecÈed. ff the coating slrê

Abrasive
Material Rati¡g

4]
48
2l
30
36
30
53
42
48
48
?'l
30
33
30
48
1.1

?4
30
4?
48
t5
60
2'7

36

2'.

x83 7

7

6
5

?

:
II
lt
lt
il
¡I
lt
ll
ll
II
II
lt
II
u
ll

3.4 :.5
4.3 2.0
4.6 2.0
1.3 0.5
4.6 1.0
J.O U.i
3.3 0.5
3.3 0.5
3.3 :.0
6.; 3.0
6.9 1.0
'/ .4 0.5
6.? 0.3
ó. r 0.3
4.3 t.5
6.3 0.1
5.3 0.2
6.2 1.0
6.8 0.:5
6.9 0. r

6.4 0.5
3.7 3.0
6.3 1.0
6.5 t.0
6.6 0.I
6_3 0. r

Rapid
Rapid
Moderate
Mod eratc
Slow
Slow
Slow
Slow
Rapid
Rapid
Moderate
Mode¡ate
Moderate
Slow
Slow
Slo w
Slow
Slow
Slow
Slow
Moderate
Modera ¡e
Slow
Slow
Slow
Slow

Few ¡ocks
None
None
None
G¡avel
Gravs¡
G ravel
Grav el
Few rocks
None
Gravel
None
None
None
None
None
None
None
lrjone
None
lio ne
¡,io ne
None
None
None
None

ExceLlent
ExceUent
Excellent
Ex cellen t
Ex cellen t
Excellent
Excellenr
Excellent
Excellent
Poor
Ex cellent
Excellent
Very good
Very gæd
Very good
Very good
Very good
Very good
Very good
Very good
Very good
Very good
Very good
Very good
Very good
Very good
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applied to a 3-year-old pipe r.lthout proper prepara-
ÈIon of the pipe surface, a poor bond betrreen the
tro roaterials sould result. In either cage it would
apipear that lack of proper quålity control was the
naln cauge of poor coating perfornance at this site.

PERFORI¡IÀìrcE OP POLYI¡IERIC{OATED CORRUGATED STEEL PIPE

Polymeric coating (p€r åÀSFIÍ' specificatlon tt 246)
of corrugated sÈeel pipe has been used by ODO.T on an
er(peritoenÈâl baEis for the past l¡l years. Of the S?
culverts sÈudied, il are Nexon coated supplied by
U.S. Steel, 48 are Nexon coated supplied by a local
pipe fabricator, 3 are Beth-Cu-Loy pC coated, and 2
are Plasticote coated. A conrpllatlon of the data
collected fron inspectlons performed to ¿late on
these culverts ls given in Table 3. In general,
flor8 åt Èhe E1Èes ranged fro¡¡ nonabrasive to se-
vcrely abrasive.

TABLE 3 Data for Pol¡nneric-Coated fümrgated Steel Pipe
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The protection ratlngs for t.hese culverts ranged
fron excellent to poor. culverts with protection
rated poor ranged in age from I eo ll years. BecauEe
of the short period of tine between the lest fleld
insp€cÈlon and Èhe nriling of this report, no de-
Èalled analyses of data have been performed Èo
establlsh a model for predicting service llfe forpollmerlc coatings. Eofjever, several obse!vations
were made on which conclusions can be drawn regard-
ing the durabllity of polymeric coatlng.

Abraslveness of flow appeared to be the najor
envlron¡ûenÈal factor affecting the durabillty of
pollmeric coatings. The abraslvenegs of flow at eachsite râs qualiÈaÈively rated by the reporter. when
detalled Etatistlcal analyses are perforned, an
attenfrt ni11 be made to quantltatieely deÈernine
values for thls parameter. All nine of Èhe poor
rated culverts were et abrasive sites Èhat had con-
stant lor. pB dry weather fl.o¡r and streambed loeds
wlth nurnerouE rocks of fist size and larger. Seven

Size Age
(in.) lyr) pH

Flow
Depth Flow
(in.) Velocity

Abrasive
Mate¡ial Rating

36
30
36
36
30
24
36
36
36
?4
24
24
36
24

48
24
24
24
24
30
30
36
24
36
36
24
24
24
36
54
24
24
36
30
54
24
36
24
24
24
30
30
36
30
3ó
30
36
66x44
30
l5
t5
l5
l5
l5
t5
l5

IO
l0
4

l0
l0
u
ll
l0
l0
ll
II
l3
ll
lt
l0
4
9
9
5

lt
l2
l0
ll
l0
t2

5

ll
lì
9
I
5

t2
lt
l0
ll
u
ll
l0
l0
ll
ll
9

l0
9

I3
t2
l2
lt
l0
l4

6.7 0.8't.t 0.0
1.2 1.0
7.9 0.8
7.'t t.0
7.E 0.5
7.9 2.0
8. I 5.0
8.1 0.6
7.0 0.0't.0 0.0
3.0 1.0
6.2 I.5
7.5 0.0
6.'t 0.0
6.8 0.5
6.9 l.0
6.7 1.5
7 .t 0.6
7.O 0.0
7.5 2.6
6.1 I .0
3.2 2.t
3.l 1.2
4. I 1.5
3.3 0.9
3.0 1.2
6.2 0.0
6.2 0.2
5.9 3.0
7.0 3.0
2.9 2.0
ó.5 0.5
6.7 1.0
6.5 0.8
3.2 3.0
5.0 0.0
3.0 1.0
3. t r.l
2.9 I.0
2.8 l 3
5.7 0.4
7.4 0.6
3.8 t.5
2.8 I .0
6.6 1.0
3.0 3.0
3.1 1.0
4.3 2.1
3.6 L9
1 .5 0.0'7.t 0.0
7.4 0.0
3.4 0.0
6.5 0.0_ 0.0
7.0 0.0

Very good
Very good
Very good
Good
Very good
Very good
Good
Good
Fai¡
Good
Good
Very good
Good
Excellent
Good
Very good
Very good
Very good
Good
Very good
Good
Poor
Poor
Poor
Poor
Very good
Poor
Excellent
Very good
Good
Very good
Poor
Very good
Good
Very good
Poo¡
Good
Cood
Very good
Very gæd
Very good
Poor
Good
Good
Very good
Very good
Very good
Very good
Good
Poor
Ex cellent
Excel¡ent
Excellent
Ex cellent
Excel.lent
Excellent
Excellent

Slow None
None Stones
Slow None
Moderate G¡avel
Moderate Gravel
SIow None
Slow None
None Few rocks
Slow Gravel
None Rocks
None Rocks
Moderate None
Moderate G¡avel
None None
None G¡avel
Moderate None
Moderate None
Moderate G¡avel
Moderate Small ¡ocks
None None
Rapid None
Moderate Medium rocks
Moderate Medium ¡ocks
Rapid Large rocks
Moderate Medium rocks
Moderate Few rocks
Moderate Few rocks
None None
Slow G¡avel
Slow None
Moderate Medium rocks
Rapid Medium rocks
Slow None
Slow Gravel
Slow Small ¡ocks
Rapid Medium rocks
None None
Moderate None
Moderate Few rocks
Moderate Few rocks
Moderate Few rocks
Slow Medium rocks
Slow Gravel
Moderate Gravel
Moderate None
Moderate Gravel
Rapid None
Moderate None
Moderate Medium rocks
Rapid Large rocks
None None
None G¡avel
None Medium rocks
None None
None Gravel
None None
None None
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âdditionål culverÈs have experlenced sear on corru-
gation tops Èo the point yhere the base pipe hås
been exposed. Àt four of these culverts delanination
has begun at the erposed are¿rs. The pfl of the floe
did noÈ rppear to åff,ect the coaÈing. Roerever, more
acidlc flow did âppear to accelerate delåninâtion
shere the base pipe râs exposed by abraslve rear or
by other problerûs noted later herein.

Other observations ïere rûade that relate to prob-
).ens unique Èo the protection syEten.

1. Forning of the lock-sean in helically corru-
gated culverts appears to håve a detritnental effect
on the bond beÈween the plagtic and steel âlong the
se¿ùn. DelamfnaÈlon along the lock-seam has been
noted on 24 of the 48 lock-sea¡¡ culverts. Thege
problens were flrst noticed at the tlne of lnstalla-
tion for Eome culverts and at anywhere fro¡n I to 13
years for others.

2. Exposed edges at pipe sectlon ends ând plate
a¡{aao t{ñ -i"^r^¡ -¡-^rÀ¡vçlqu y¡ùÆ, qrr pt9¡¡e co qcl4¡näElon.
Slgnlflcant delaninatlon at erposed edges hàs oc-
curred at 20 siteE.

3. Rivets on ânnular corrugâted riveÈed plpe âre
unprotected because the plaatic ia applied to sheet
steel before fâbrleation.

BiÈuninous pâving of the fnverts hâs been sug-
gested to âlIeviate the problens nith abresion.
Horrever, only one 4-year-old culvert lnspected had a
bltu¡alnoue paved invert. Therefore, no e!¡tirnâte can
be nade âa to hoe long paving wlII prolong the 1lfe
of the Protectlon systetû.

PERFORIIÀI{CE OF ASBESTOS.BOTiIDED CORRUGATED SÎEEL PI PE

Asbestos-bonded bltunlnous-coated-and-paved corru-gâted steel pipe hâs been used for the past 12 years
by ODqt for corroslve (wâter pH of 4.5) culvert
sltes. The current ODOT Bpecfficatlon for this rûâte-
rlàI ls ås follæs.

707.09 AEb€stos Bonded Bltutninous Coated
Corrugated Stee1 plpe and pipe Àrches. Theae
condults .nd coupllng bands Ehåll confortn to
AÀSETO M 36 for base netâl and ?07.0I and
707.O2 for fabrication shere âpplicåble. The
conduits shall be forned frorn sheets ïhich
hâve b€en coâted on both sldes with â layer
of âsbeatos flbers, åpplied in a sheet forn
by pressing then into e nolten zlnc bonding
nediu¡n. Imtedlâtely âfcer solidiffcation of
Èhe zinc bondlng rûedlun the âabestos flber
Ehall be thoroughly inçregnated ïfth a bi-
tuminous Eãturânt. The ftnfshed sheets 8hall
be free from bll6ters ån¿t unsåturâted spots.
The asb€stos-it¡pregnåte¿l aheeta Ehâll then
be corrugated ând fåb!lcated into ptpe.
Àfter fabrlcatlon, the plpe shâIl be coated
inside ând out slth a bitunlnous rìåterlål
cdrÌplylng wlth Èhe requlrênents of ÀÀSETO
M 190, Type C.

Seventeen culverts 6 yeara of age and oldler ln-
stalled by ODOT eere fnEpected. To Eupplenent thls
data, 2I culverts in Kentucky ând Indiana Here åLso
lnspecte¿l.Îhe out-of-stâte Eltes r{ere sl$llår ln
environment (hilly coåI nine ¿¡reas) Èo the Ohlo
slÈes. A conpilation of the dåta collected for in-
sP€ctfona performed to dåte on these culverÈs lg
given in lable 4. In general, the sites ranged frorn
nonabråslve to severely åbrasive.

The protection ratings for the åsbesèos-bonded
culverts ât Che tirne of the lasr inspectlon ranged
fron good t,o excelLent. Becåuse the bltumlnous pav-

Trânsportation ReEearch Record l00l

Íng at â11 sites tas still providing âdequâte prÈ
tection for the base pipe, no in-depth rn¿rlyaes ofdata were perforned to estabtish a nethod Èo prêdlct
service Iife for this protectlon method.

Several obaervåtiona rere nade ln the flcld thatprovide inforBatlon on factora that effect the pe¡-
fornance of âsbeEtoE-bonded blÈunlnous coatlng rnd
paving.

1. None of the culverts lnspected revealed ¡ny
sign of adherence problens.

2. Where the depth of dry eeather fld or lorê
frequent, Etorm flors exceeded the hefght of thcpavlng, Èhe coatlng ías eroded enough for the basêpipe to be exposed at a few isolated spots after 5
to 10 yearE.

3. Abraslve floe câused erosion ln the paveit
inverts in sorìe caEes, but exposure of the plpa
corrugatlone yas conflned to enall åreàs ât pipê
aecÈlon ends.

It can be concluded from the fir8t obsêreâtlon
Èhåt asbeEtos bonding allevlated the adherence prob-
Iens corrúæn to conventtonäl bitum!,nous protectlon
(10). the second ând third observatlona indlcrte
Èhât bltuni.nous pavlng fe eubJect to abraslve r€at.
Erosive lose of paving appeârs to be at a alot rrtcïhen the pavlng ls not overtop,ped by dry úeåther or
nore frequent flood flone. Er(tension of the prelng
could iuprove the perfornance of the protectlo;

PERFORII{ÀNEE OF TEER TYPES oF PIPE PRcTEcTIoN

Several other Èyper¡ of culvert protectlon yere ob-
served during fleltl inspectlons. ÀlthouEh Èhe âæunt
of dâta coIlêcted for eâch t]rp€ lB not sufficient to
perforn statrstlcål ânålyses, observationa nade arc
given ln the folloslng Eectlons.

vitrlfied Clav Llner plâtes for ConcreÈe piÞ€

Fourteen vltrifled clây-llnedl culverta ranglng in
â9e fron 3 to 12 yeåra tere lnspected in detail and
several others nere obeerved. üost of these rerc
lnatålled in extrenely acldic conditlons. To dâte,
the protectlon is 8t111 ln very good condltlon.

Concrete Pleld Pavinq of ConcreÈe ÞiÞe

Ohlo hâs fleld paved aone deÈerlorating concretr
Pipe culverts åt corroaive gltes rith concreÈe pag-
ing to prolong the Ilfe of the pipe. Rorever, thIB
has proved to be a stopgap Beagure, uiÈh the câst-
in-place concrete pavlng deterlorâtlng rûuch ære
rapidly under âcldic flon Èhân the original lnvert.

Coatlnq ånd Fielcl pavlnE of Structural plâte piÞe

In general, biturninous coaÈlng of structurål phte
Ptpe åpplted etther in the fleld or ât the factory
håE perforned poorly. Fleld paving nlth bituninous
sand asphalt hâf¡ not perforrned rell, probably bc-
cruse the propêr cofûpacÈion of thiE nâterlâ1 i8
extrerûely difflcult to ob!âln. Concrete ffeld pavlng
has perforned setl ehere properly poured and an-
chored to the plpe. tn los pH areâE concrete pavlng
rith a vitrlfied clay-lÍned trough hås p€rforEed
såtisfâctor ily.
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TABLE { Data for Aeb€etoe.Bonded Corrugated Steel pipe

SÞe
(in.)

Age
(y¡) pH

Flow
Deprh
(in.)

Flow
Velocity

å b rasive
Vaterial Rati¡g

¡8-
I8
:4
Jô
24
43x27
36
24
48
24
24
42
ó 5x40
58x 36
30
36
30
36
48
48
36
120
I8
t5
18
65x40
48
84
54
3ó
108
72
81x59
24
96
72
54
48

5.0
3.3
5.8
5.5
6.0
3.1

6.3
5.8
3.2
3.2
J.¿
3. ¡t

3.6
6.3
3.5
4.5

t5
:5

5

5

5

5

5

l¡
u
ll
ll

1

7

7

8
8

E

8
22
72

7

7
9

t0
7

IO
6
6
6
6
6
6
6
8

8
I
8

t2

5.0
3.6
7.8
6.8
7.6
7.3
7.2
6.2
5.2
5.8
2.1
2.6
2.5
4.2
3.0
?..4

ó.0
8.5
2.3
2.4
2.8

0.0
0.5
0.0
2.0
0.5
I.0
0.5
0.2
0.1
0.0
0.1
0.0
0.s
0.0
0.0
0.2
0.1
0.0
0.5
nn
0.0
6.0
0.2
2.0
2.0
3.0
3.0
2.0
3.0
1.5
4.5
3.0
2.0
1.0
2.5
1.5
t.2
r.3

){one Few rocks
Moderate Gravel
None None
Slow None
Uoderate Gravel
Moderate G¡avel
Slow None
llloderate Gravel
Rapid None
None None
Raprd ì,Jone
None None
Moderate None
None None
None )Jone
Mode¡ate Small rocks
Slow None
None Small rocks
Rapid Smâll rocks\r^- - iìone
None None
Mode¡ate Medium rocks
Moderate None
Rapid Few rocks
Voderate None
Moderate Few rocks
Rapid None
Rapid Rocks
Rapid Rocks
Moderate :,{one
Rapid Rocks
Rapid Rocks
Moderate Rocks
Vode¡ate Gravel
Rapid Rocks
Moderate Rocks
Moderate Rocks
Rapid Few rocks

Very good
Very good
Ve¡y good
Good
Excellen I
Excellent
Very good
Very good
Very good
Very good
Cood
Very good
Good
Very good
Very good
Good
Very good
Very good
Good
Very good
Very good
Very good
Excellent
Excellent
Very good
Very good
Very good
Good
Very good
Excellent
Very good
Very good
Very good
Very good
Very good
Good
Very good
Ve¡y good

oorculsroNs

lücd on the obseryrtione nade in thc prevloua sec_
!þ1_9" fotlortns- concr.uEtons rcr¿-nãã; regardtngEr. pcrforE¿rncê of the protectlve llnlnga studled.

. l. Prop€rly appl.ted epory coaÈtng ås sp€clfledby oDoT provfdea sarlsfacror| pr"l""iiãi for con_cratê plpe åÈ lou pE sites iftn nonâbrâsfve torodaråtely abrlalec f loe.
- 2. Long-Èerû erposure of Èh€ epory coatlng ãtcl¡l¡art ends to direct Eunllght har ð dctrlnentâloffect on coatlng adherencc. -úg:l;r; 

e-rposure of
ffi.Ì:ii.:l:i,.îî.i:1,ï:.::"ä.:1,,.::î..,;:::
lpr, oyerrll culvert lrcrfornrnce lg not affectederc¡urc the exÈcnt of the area åffected la lfnlted.
_- .1. Abråalee flows are detrlnental to polyærlccoatlDg perforDrnce.
_^. 1. Fornlng of thê lock-Bcâr in hellcatly corru_g¡tad Pipc.crn creâtê â nerknea8 in tho bond b€tïeenq P¡à8tlc år¡d DetåI ln pollmêr1c_corteìit steêlFlpr¡.
_ 5. Erporêd edgea on frolyrêrlc_coâted pfpc areDtqle to dcla¡lnatián.

Lot pE flor rcceler¡¡tes delâ[fnåtlon ofpllrcrtc eortlngr yhêre the båaê plt€ ls expoaed.tfhere delåninrtlon afong ifrc focf-seâ¡ aoea
$. occ-urr polyücrlc coatlng piæiclea sâÈisfaetoEy
Httriiå"".r corrusrtca sticf plp€ âr nonabraslve

r_.8:_ Àllc?tos bondlng âlleyiåtea âdherence prob_{¡ collDn to cont'êntlonâI bftuDinoua protectlon ofoorrugrted stecl Pfpê.9. Abràsie€ flor fs dêtrl¡lentâl to the p€rfor-¡F+c of âsbêBtos-bondêd bitlnlnous coâtlng ând

Påelng, especfally nhere dry seather floea oyertopthe coating-pâvlng interfåce.
10. Asbestos-bonded bftunlnous coâtIng rithinvert pavfng provldes satisfactory protection ofcorrugated Eteel plpê at nonâbrasive 1o ¡noderately

abrâslee los pE sites.
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have a eignfffcant effect on eulvert dura-
b il iry.

Field Performance of Concrete and Corrugated Steel
Pipe culverts and Bituminous protection of
Corrugated Steel pipe Culverts
JOH\ Oç-\ HT-RD

ABSTRÀCT

In this paper infor¡¡atlon is provlded re-garding the duraËility of concrete pipe,galvarriz_ed corrugated steel pipe 1e * å_in.and 2.67 x 0.5-in. corrugaiións¡, ¡nd bi_tuninous protecti.on (e¡smó u 1go,' rÇp"" e,
l:. "nd. 

C) .of corrugated steel pipe usea forcurverts ln ohio. Detailed anályses rrereperforned to evaluate the effects åf vari.ousenvironmental facÈors on the durabllity ofthese nrateriåls. None of the environnéntatparaneters studied had å significant effecton the perfor¡nance of the biturninous protec_tion. Loss of adherence Èo Èhe pipe was themajor cause of deterioration of the nate_rial. The average lives of bituminous coat_ing and coating rrith fnvert paving 1,"r"-3.teand 18.71 years, respectively. W"t". pH andabrasiveness of flos were the only environ_mental parameters to häve a signiiicanJ-ef_fect on the deterloratlon rate áf coriugateasteel pipe. Belos a value of 7.0, rate-r pnhad a slgnificant effect on 
""når"a.-pfp"perfornance. predictive eguations ana gråphsare presented that can be used to esiimãteservice lives of concrete ånd corrugatedsteel pipe culvêrts. fnforriatlon ls proíiaedregarding the geographic locetloh of variousranges of environ¡nental parâmeters found to

Material durabilfty is an lruportant fâctor in thcdeternination of rrhåt type oi pipe is Belected åtspeciflc culvert Bftes. - geeorJ -rszi- 
no accuraÈ.nethod of predicting the service life of culvertpipe naterials in ohio was avaitiif".-plp" aerectionwas based on the experience 

"n¿ =u¡j."iive iudgnentof the designer.
. Published reports on the durability of cul"ertsin other ståtes yere revlewed (1_9).'ft wåB notedthat the effects 

":Il9us enviro-n¡nlntai.- p"r-"a"r,had on curverr durabilfry ;;;;;ã'-;ï;î arnons rheresults reported by the dlfferent states. Becauee o!these varied resulÈs and because environmentål con-ditions in Ohio rere unlike those in aiy of theseother atates, the Ohio Departrîent of TrânsportaÈlon(ODgf) decided to evaluâte culvert pipe durabilltyin Ohlo.
In the faII of l97I oDOI began a conprehensieêand cont_inuing prograrn to evåluåÈe the field p€rfor-mance-of various tlpes of plpe and pipe protectlonuaed for culverts in Ohio.-ftre rnaloi part ot ttrlsprogråm to dâte involved an extensive field lnvestl_gåtion and statistical analyses of d;ta io €valuatethe perfornance of concrete pipe, galvanized corru-gated steel pipe, and conventional biturflinous pro_


