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Polyner-coated corrugated steel culverts
were first insÈalled in New York State In
Iate 1977 and 1978 on tHo Eectlons of the
cenesee Expressway in LlvingEton County.
Slnce then they have also been lnstalled at
nine other test sites Èo study the perfor-
mance of polymer pipe, paved polyner pipe,
and bitûnlnous-coat,ed-ând-paved plpe under a
varlety of conditlonE. Two types of polper
pipe--Ianinated and roller coated--were used
ln all the lnstallatlons. Although the eval-
uation ls continuing, two tentatlve findings
are dlgcusEed: stllllng basins ãre an effec-
tlve means of preventlng early loss of poly-
¡ner coating, and a roller-coated pipe is
perforning better than a la¡ninated pipe at
an aggresslve site.

Currently, all corrugated steel pipe (CSFr used by
thê New York state Departnent of Transportatlon
(ffSDOT) 1s galvanlzed with 2 oz/Ê,t2 of zlnc on
both sldes to ald in preventlng corroslon. In addl-
tlon, aaphalt coatlng and invert pavíng are used on
rrny lnEtallationa for further prevention of corro-
tlon and abraslon. In recent years steel conpanles
hrvc begun produclng csp protected with polper
cottlngs. The nanufacturers llst the folloring ad-
vü¡tagelr of pollmer coatlngs:

;., l. They elinlnate the need for asphalt and
harted dlp tankst

2. They can be shipped as soon as fabricated;
3. Unllke asphal.t-bâsed coatings, polymer coat-

lnga do not stick or pull away durlng handllng;
1. Different sizes of plpe can be nested for

acononlcal trucklng;
5. Polyner coatings will not readily scar or

lcuff, thus ellninating the need for speclal hand-
l¡bo¡ ln patchingt

6. They perforn better Èhan asphalt under
frceze-thay cycles;

7. They are nonconbustlble;
8. Àlr pollutlon is elinlnated during produc-

tlonl and
9. they proyide superlor reaisrtânce to abrasion

ud corroslon.

Pol!¡rner coaÈlngs are of tro tlpes--Ianlnated ând
tollc¡ coated. polyuer is applled to galvanized
rtêcl In a sheet on lanfnaÈed plpe and as a llguid
oo loller-coated pip€. There are stx suppllers of
Poly¡er-coated Plpe:

1. unlted ståtes steel corporation (rNexonr),
2. Inland Steel CotÛpany (rBlac-Klad¡),
3. Bethlehen Steel Corporation ('BeÈh-Cu-l,oy

lc') ,
". {. wheeling-Ptttsburgh Steel Corporâtion (rPlaa-
ttcoter) ,
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5. Republic Steel Corporation ("polycoter), and
5. National Steel Corporation ("Duracoat").

The first trro supply laninated piper the nexÈ
four supply roller-coated pipe. Inland SÈeel and
Nationâl Steel do not supply pipe t.o New york.

Pollrmer-coaÈed pipe is available in 10- through
18-gauge thickneEses. Àlthough it is generally sup-
plied wiÈh a l0-mil coating inslde and 3 mils out-
side, other coaÈing Èhicknesses are available. It is
available up to 144 in. in dlatneter.

Three serles of installations of polyrner-coêted
plpe have been made in Net yorkt in chronologlcal
order they t ere as follo¡rs!

1. Polymer coatlngs were fírst used ln NefJ york
in I9?7 and 1978 on two Eections of the cenesee
Expressrray in Livlngston County betHeen Dånsville
ând MounÈ llorris. Beth{u-toy pC was inEtaIled in
one Eection, and Nexon was installed in the other.
Sone NeÍon culverts have shos¡n early signs of abra-
sion, but the Beth-cu-Loy pC culverts are perforning
satlsfactorily (under Regearch project lS4-I).

2. Because of Èhe raplil deterioration of sone
Nexon culverts, use of polymer culverts in Nen york
State has been curtailed. Because perfornance under
the severe condittons on the Genesee Expresswåy may
not be indicatlve of the perfornance of Èhe polyrner
pipe at other sites, a neï Etudy (Research project
15¡l-2) was lnltiâted that is exanining Èhe p€rfor-
rnance of roller-coated and la¡nlnated polymer plpe,
paved polylfter pipe, and biturninouE-co¿¡ted-and-paved
pipe under a variety of condltlons. pipes nere ln-
stalled at nlne sltes durlng the 1981 and 1982 con-
struction geasons.

3. In 1981 test plateg of various rnaterials were
installed insldle tso test cul.verts on the Genegee
Eapresssay because of the severe condltiong prevall-
ing there. Each culvert contained tr{o sets of six
plates each--Nexon, Beth-Cu-toy pC, 9ålvanized
steeL, alunlnlzed steel Î]'Ta 2. GaLvalune, and
alumlnt¡m.

In thiE paper the perfornance to daÈe at Ehese
three series of lnstallations is descrlbed. fnstal-
IaÈions I and 3 at the s¡ime Eite are diEcussed
first, the nine instalLatlons for project 154-2 are
described nexÈ, and findfngs Èo date are then Eurn-
mar ized.

GENESEE EXPRESSIIâY

In early 19?7 Region 4 of MISDOT (adninistered from
Rochester) requested Èhe Technleal Services Divíslon
of the departrnent to suggest possible alternatlves
co biturninous-coated CSP for Section 78 of the
Genesee Expregsuay betueen Dansvllle and t¡lount I'lor-
ris (Flgure l), then in the late stages of design.
This request resulted fron e:<pected htgh eater
veloclties (15 Èo 21 f.t/secl and abraslve condttlons
that could render bltuninous coating ineffectlve.
Pâvlng Èhe invert f'a8 eonsidered, buÈ that woulrl
cover the corrugatlons, thereby lncreasinq the a1-
ready undesirably high rrater velocities. eorrugated
aluminun pÍpe and concrete pipe Hith energy-dls-
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I Cenesee ExDr.essçav ( l9;;-16)

O Polvmer-coatcd and bicuminous-coateC-
and-f'åveC !esr si!es (1981-82)

Notê: Nuhbers úe NYSDOT ådministrstive rêgions.

FIGURE I Polymer pipe locatione.
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sipating rings Here considlered but were subsequently
found not to be feasible. Consequently, polyner-
coaÈed csP was aelected. The polyrner coatlnga were
20 nils thick lnside because of the expected severe
conditions and 3 ml1s thick outslde. t¡exon-coated
pipe was used on SecÈion 78 and Beth{u-Loy pC Hes
uBed on Sectlon 7À (directly south of Section ?B).

Withln a few months of installâtion the Nexonpipe indlcâted early signe of abraslon along the
full length of several of the steeper-grâded cul-verts, but the Beth{u-Loy pc culverÈs åppeared to
be performing gatlsfactorily. In a fec, of the Ner(on
culverts the coating began bubbling, and in one

-'àrz

Eevere crse it began to peel off ln large ahcctr(Plgure 2). Because of these prob!.ens, use of polv_
ner coatlngs on cuÌverts ïas suEp€nded fn Neu TorlState, ând a study of the lnstâllatlons sas lnf-tiated by the Englneerlng Research ånd DeveloPlr€nt
Bureåu under ReBearch project l5¿l-1.

Theae installatlons were flrst inEp€cted ln Aprll
19?8 nhile aone culverÈs sere still being lnetallêd.
They.hâve been inspected annually eâch få11, st¡rt-lng in 19?8. fnterin reports rere publiehedl in l9?9
and 198¡t (1,2).

In Àpr11 1978 Englneering Regearch personnclfirst inspeeted several pipes in Sectlons 7A and .'t.
Type and Eeverity of deterioration were observed ¡ndthe terrâin sas exanined. Às e result of thât in-9pection, à Èentåtlve rating r¡ysÈern ras dcvelopcd
thât sea believed to encompaga the vârloue coatfng
conditlons. That syatem has elnce been reyl¡cd
Elightly and ls now âf¡ follosg:

Râting
0

I
2

3

4

5

Descrlption of Coåtinq Conditlon
No abrasion of coating naterlal
I801åted nicke and scråtches
Frequent nlcks and scratcheE with 1lttIe or

no båre netal
Preguent nicks and scratches ylth nuch er-

posed bare rîetal
Crests evenly åbraded elth coâting pee11n9

bâck (extent of exposed âreã recorded)
Coating peeling off fn sheets sith coatfng

renove¿l at creats of corruEaÈions

L-i
h- #

'-{]

The data in Table I gumrarize culvert condftion8
and the ratlngs recefved by each culvert ¿luring the
flrEt 6 yeàrs.

Sectlon 78 lNexonì

Àfter fnltiat lnepectfons 1t appeared that thc
aeverity of deterioråtion could be related to inlctFIGURE 2 Peelìng polymer coating (pipe 2l).
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s lope, p ipe slope, and channel_bedload nater ial.However, after closer exanination it was noted thatunless there was a shale bedload, nosÈ culverts wereperforming saÈisfactorÍly. The data in rabtes 2 and3 list culverts Èhat are and are not subjected toshale bedloads.
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material or manufacturing
(nunber 11) is notr rated
inlet Elope and rip-rap.
the rlp-râp.

^dlfect. The fourth culv.rt2.5. This pipe haa a stirp
There này be ghale u¡d¡¡

TABLE 2 
- 

1983 Ratings of C¡¡lverte With and
and Yithout Bedload Shale

TwenÈy-trro of the_25 cllverts (Bg percent) th¡thave shale bedloads are rated greater t'han Z. nro o!the three culverrs that recetl.d ;;;; ;; rattDE.of I had nuch veEetarion fn the cf¡ar¡nãt iwfrict¡ tr¡¿t-cates lor flow), but rhe other r,.J 
"-"rlir d;"iöârea betreen the fnlet ând the outlet of the Çstrearn pipe. The three culverts eith ratings of 2.5(numbers 25, SI, and 52) âre in 

- 
if,"-1ì."y, âro¡betr¿een good ånd bad culvert" .;à ; be exptalncitin Èhe s¿ìlûe t'åy.

Culver¡s Wirh Bedtoad
Shale

Culvert
No.

Culverts Wirhout
Bedload Shale

Ra ti ng¿
Culverr
No. Ratmgb

I

I

t

f;

tZZ of ZS (gA pe.cc¡t) heve bad rutinBs (g.eârcr rhan 2).bZe of:: 1et.s pe¡ce¡r) have good rarints (2 or less).cMuch 
veSetation in chsnnel, indicating los.flos,.

dCoarings 
delaminared or bubbled.

esñall 
d¡¿ina8e dea bet*,een inlel ând outl€f of upsrrcañ

P¡PE.

.. Teenty-eight of the 32 culverts (g7.5 percent)that do not have shale bedloa¿" 
"r.-r.t"å 2 or less.(Those so rated are considere¿ to ú. 

-ìi ,r..y g_acondition.) Three culverÈs (numbers Lj, it, and 8¡t)have failed in a different Íianner. fte'"o-.tinqs havedelaninated and bubbled, or""o."uÇ- u.".u=" of a

Sectlon 7A (Beth-Cu_Lov pC)

Although eeveral culverta locåÈed in this EecÈion dohave shale in their streamb€ds, the inftlal âIarrcaused by the pretnature abraaion of the Nexon-co!ÈêdPiD€s lsaafian ?Êriy, 
_vqsÐeq Kegron { Peraonnel torequire stilling baains at iniets yher.e ehale n¡pEesent. Às noted ln-the datâ ln Table I, there hübeen no proEressive deterloratiã, lï-irr" sectfon ?Àculverts. It åIso can be noted thåt tieie nave Uecnno problens sith bubbling or deta¡rlniifon of th¡BeÈh-Cu-IÆy pC coåting. À- direeÈ tq,np"ri"on oe t¡rtuo prducts waa not poeslble becaue;'ol tn" 

"tttt-ing basine and because the pfpes could not ba
"r"?!.9. (Inirlålly fr sas t¡opeå tnat E6e Nrrocould be used on Èhe Beth{u_f"i pC Oi"i".a and vlcrver8a. This could noÈ be atone.)

Test plates

Because of the disslnilarlty of the terraln betyacnsectfons 7A and 78 and tire pr""t"""iv nentloncdstilling baslns in sectlon 7a, ìt was l-ecitte¿l th¡t,as part cf a larger study, 2- by ¡l_ft test platea ofboth polymer materlals in the ,"r"t- iB-_-In. culvcrtin each section would be installed.-rn-dtouer f9gftso sets of both polyners, tnree rnelatiic coatrngrfor steel (gåIvânlzed, Galvalune, efuiJnfzea fyæ2), and alurninum were installed. The sltes cholGnsere known to be aroong Èhe nost agg.esst*re fron clchsection. Flgure 3 shows the types of naterfal, th.order of installation, and the plâte nunbere. !!hcplates were last insÞected in sàptemtei rge¡. Th.following is a brief Eumnary of the findings for thcPolyners (the nìetallic plaies are not Jiseusse¿ tnthis paper):

- l. Section 78 (Nexon site)! Nexon plates: nunbcrI plate--middle 12-in. path rated 3, 6_ln. pâÈh onboth sides reted 2, and one lock_sean ."t"¿ ¿ (fC-by 0.5-in. peel-back); nunber Z plate__20-in._yld.

5

l9
22
?3

25
3t

48
50A
5lA
52A
53
55
56
5'7

58
59
60
6l
66
68
69
95

3

l0
¡t
l3
l4
t5
t6
t8'10
2l
)t-
?9
36N
36S
44
46
46.{
49
54
6:
64
16
,..7

78
80
EOA
8I
8:
83
84
9l

0.5
0
2

2.5
5d
I

1.5
2

I

0
5d
I

:
I

0
I
0
0
?

¡

I
0
0.5
I

0.5
0.5
0
I

0.5
2

5d
I

3

5

5

3

5

2.5c
5

5

4
3

lc
:.5€
2.5e
5

4
4
IC

lc
4
5
3
5

5

5
5

TABLE 3 Polvmer-füated a¡rd Bituminous.Coated.and-paved Test Sites

Sit ea

NYSDOT
Region Counry

Con t¡acr

ñ"YSDOT
Drainage
¡..o

Dia meter
(in.)Lo€tion Date

lnstalledType

3ó
4?
36
36
36
36

48
42
4?

A

B
C
D
E
F
G
H
I

I

2

3
4
4
4
t'

i
I

A lba ny

Montgomerl
Tompkins
Monroe
Monroe
Monroe
Franklin
F¡anklin
Ulst er

D9ó755

D965?6
D9 66i 6
D9óó80
D9667e
D96505
D96565
D9ó88 I

D969 I 9

.f osc
I DSil

DN:
DR4
D204
DR3ó
Dt7
DR:]
DR8
DR6

Storm sewe¡
Storm sewer
Cross culvefl
Cross culvert
Storm sewe¡
Sto¡m sewer
Storm sewer
Cross culvert
Cross culvert
Cross culvert

611t82
6l ," t82
7l29t8l
'7 i9i8t
5t2,1 i8l
6i9t8t
716!8t
6i I6 81

5.l.'8:
6/ I 9/8:

I lth Avenue. Wateruliet

Rte 30. Amsterdam
\tanen Road. lthaca
North Pond Road. G¡eece
Redman Road. B¡ockoorr
Rte 36. caledonra
Water Street. Ft. Covincton
Rre 37. Fr. Covington
Rte 375. Woodstock

a^
5ee ftßúe I
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Bcth-Cu.Loy rc Sitc: Section 7^ (Drain 4ó Under I 39S)

\ = r_exon

A = lLuninum

B = Berh-Cu-Loy rc

FIGLRE 3 Lrperimental plates inetalted in Octobe¡ 1981.

pâth rated 3.5, Èwo crestE raÈed 4. Beth-Cu-Loy ÞC
phees: nunber I plate--2o in. wide rated 2, nunber
2 plâte--I8 in. wide raÈed 2 erith slíght peel-backg
(8 by 0.25 in.) on tro lock-seams.

2. Sectlon 7À (BeÈh{u-fpy pC slte): Both sets
of polyrnerE rated 0.

Scrue observatlons can be made after only 2 vears
of expoaure at these aggressive sltes:

1. As expected, the 78 site is nuch more aggres-
rlYê than the 7A siÈe;

2. the Nexon plates are perforriing the sane ag
tùr Beth{u-tþy pc plates åt the ?À sf te, where
prêrut¡åbly no shale Is going through the pipe;

3. Àt the 78 site t.he Beth{u-Loy pc platea are
Earforûing better thân the Nexon platesi and. {. thc Beth{u-Loy pC plates aÈ the ZB sfÈe are
rcr!. than any of the Beth{u-Loy pc pip€s ât the ?À
llta, eeen though the plaÈea and the eorst 7À pipe
arc råted 2, there are no peel-backlr in the ?A plp€.

Xf,,TIIER{OATED AND BITOT/IINoUS{oATETÞAND-PA\¡ED
tlgl sIrES

Itt r tro inspectlone (1978 and I9Z9) of the ceneaee
Ercaaräy, It appeered that the eârly failures rrere
ll¡lted Èo pipes wfth steep slopea and shale bed-
Io¡da or pipes tiÈh presuned ¡naterlal or nanuf¿rctur-
trE dêfects. In åddition, neuly develop€d CSp design
l¡d ccrvice life crlteria baaed on the resulta of
|ld"t Englneerlng Research study (3) precluded rhe
!r of 14- and 16-gauge asphalÈ-Eoated-and-paved
Pfpc In the southern half of Nev york Ståte. If
9olncr-coated pipe ultitûately proves Èo be sup€rior
Eo a8[lhå1t-coåted-and-paved pipe, those gàuges nay
lga1n b€ used. Because Ner york State had feï lnstål-l¡tlona of polyuer-coated plpe ând none lncludedr¡P-hrlt-coated-and-paved pipe or elther type of
Dolylcr-coated pipe ( lanlnâted or roller-coated)W.! the sârne condltlons, tt rår¡ llçosslble tooÙt¡ln dlrect comfrårisons. Thus Research project
ItZ ttl ea8 inirlared Èo cornpare pot$rer-coâted
!tú ?rved polyruer-coated csp elÈh asphå1t-ãoated-"rrd-
Füld CSP, ãnd Èo gâther inforrnatlon on vârious sitecQdltfons and Èheir effects on polyrner coatinga.
.--Pour of the stx suppliers of po.lymer-coateit piperl. PrrtlciÞatlng fn this projecl. (Becâuse Inlandðtaal rnd Netlona¡. Steel do not sell culvert in Neí
IFf, they are not included.) DetaiIB of substitu-
trollr àre as folloes!

'ì = (ìalvalune

AS'Åtunlnized Sreel Tvpe 2

Z = Calvanized

1. The steel corûpânies agreed that because Èhe
Èhree that produce roller-coated polyrner plpe are
supplled polymer by the sane rnanufacturer, only one
roller-coated plpe 1E needed ln each installation.
Beth{u-Loy PC r.as used. Nexon rraa the lanInâted
plpe because lt ls the only one supplied {n Net' york.

2. pipes nere rolled and stockplled in a conr-
panyrs- yard so that they nould be available when
needed.

3. All pip€E were l4-gauge steeL, thus allowing
subatftution for elther 14- or l6-gauge pipe (10_
and 12-gauge polymers were not manufactured when
thls project began, and lg-gauge ls not used for
cross culvertE).

¡1. three diameters sere stockpiled: 36, ¡12, and
48 in. These are Èhe most, conùîc,n dia!ìeters uaed for
14- and l6-9auge pipe. Most plpe larger than {g In.
iE 12 gauge, and anythlng srnaller than 36 in. 1s
difficulÈ Èo inspêct.

5. Each test culvert contålns one lo-ft roller-
coated Eectlon, one 10-ft roller-coåted and asphalt-
paved section, one 10-ft lamlnated section, one
10-ft lanlnated and asphelt-paved sectlon, and at
leaEt 20 ft of asphalt-coated-and-paved plpe.

Becaur¡e of the nev design crlterla and the fact
that new construction 1s currently Iirnlted in Nen
York State, lt. has become increaaingly dlfficult tofind sulÈable ter¡t Eites. To date, lnsÈallations
have been made at nlne giteg. Theae are sho$n and
ldentifled by capital letters in Figure I end listedin labte 3. They are belng inspectãa each year, and
none has shown sfgns of defects Èo daÈe.

F I¡IDII{GS

Although research ls contiriulng on polymer coatlngs
to deternine long-range perfornance. these tentative
flndfnga can be stated:

l. If a Etre¿rm chånnel ¿¡ppears Èo have en excea-
Eive a¡aount of abraslveg (especiâIly shale), use ofstllllng baslns is an effecÈlve r0eans of preventlng
early coating LosEi

2. Unless the Nexon larîlnated-polymer plpe can
be nanufactured r,rlthout a tendency to delaninate, iÈ
should not be used; and

3. AÈ an ãggresslve slte, Beth{u-Loy pC plpe lg
perfornlnE ¡uuch better t,han Nexon.
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Durability of Asphalt coating and paving on
corrugated steer culverts in New york
WALLACE W. RENFREV

ABSTRÀCT

The netal-loss räte of uncoated corrugatedsteel pipe in New york State has been wett_deflned. To conplete a deslgn pro""aur" torcoåted-and-paved c-orrugateá steel plpe,paving tife atso had Èo É. ¿ãtin.ãlì metno¿developed to determine the effectlveness ofpavlng by ¡neasuring the tongituã1nar per_c€ntage of erposed metal is deseribed lnthis paper, 294 coated_and_paveà pip"" ,"r"surveyed and neasured. fn Wew iort Statepaving has effectively protectea rouna ptpeon the state system for 30 years and pipe_ârches for et least 20 y.år". Beyond 3Oyears, paving ls ineffective in protectlngany corrugaÈed steel pipe.

eorrugated steel ls one of the ,îost commonly usednaterials for culverts in New yo.i stat.e andthroughout the country. There has been concern fornany years about the durability of thls ¡oaterlal.New York recently conpleted . long_t"r, durability
:::dy-of uncoared galvanized 

"orrui"."à sreet pipe(¡). tAll corrugated steel pfpe (CSi) ls galvanizedwiÈh a coating of zlnc to lnprove its reslatance tocorrosion.l This study provlded corroslon (netal_toss) rares for uncoarãd csn. ay ,;i;;-il"". corro_
1io1 rltesr many csps sould nãt lasi tf¡e desireddesign llfe. Thus additional proal"iilr" .-.u"u.." 

"r"needed.

One of the most conmon protectlve neaaures la rnasphalt coating, shich is -applied Uy lfpptnq thcptpe sectíons in a tânk of toï asphaiå. The rerult-fng coåting dEies to a thickness àf 
"uout 0.05 tn.on both the lnterior and exterlor of the pfpe. SorataÈes use the coating mainly 

"" . p.ãt""tfon forthe exterlor or soll side of tn. pip..-""r, york húfound little soil-side corroslon i;" it"- studles. Àprevious Nee york study (2) indfcateJãat fntertorasphalt coatlngs alone âre not effective in prevent-lng corroelon, and Ner, york has not uaed then rloîêfor the past 17 yeårrr.
Àzar (3) found that coatlng gave an additionrl gyears of service. A KânsaE study by worley (¡l) of500 coated pipes revealed that inefãe 

"o*Íng.-*ragood on only 12 percent of 3_ and 4_yeår-old plpe,
and on none of the older ones. ft vas concluded thatKânsra should dlscontinue Èhe use of coatings bê-cauEe they are of lttÈIe value. À survey of throther 49 ståteE tn the !¡unner of 197g (5) inctfcatcdthat fer s¡tâtes use coeted pipe, and ti=ose that do

:-": l. asstsn only ? ro e ;ddtri";;i ;;.r" of ttfeÌor the coating.
In addition to åsDhâlt coating, paving of asphaltcan be applied to the interloi ãt årcîip.. rhts tgnornally at least 0.125 in. thick over iià crests ofthe corrugations, thus providing a Enooth surfaceover the length of the plpe. It is generally placedin the lorer guadrant of the pipe to proÈect theinvert (1.e., the lorrest polnt ehere ;ater flovgthrough the pip€).

- Pavlng ls applled to a coåted plpe by partiallyblockfng ite ends and pourlng aephait'in it¡e bttolr.The pipe ls rotàted ând ti" iro.."" is repeâte¿tuntil the botÈont guârter of ràund plpes and thê


