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,hÁ nodular bacte(ial colonieg been observed on

ïlit;;; or concrete'

coNcLusloNs

:flå"1i:ï ;'".::l:i' :.ilff."': åii'Ïil liå ilii;
""1--,.¡. is a signlficant càuse of corroglon of
',1ii"lú"a steel culvert PlPe in ¡rlsconsln. rhe
l".'""inu¿ion aIEo noted that corroElon at ritost cul-
ll; sites can be related singly or in conbinetlon
ll- uaccerial activiÈy, Iow pH' and low electrlcal
iJsisrivity of soil or water or both at a culvert'
Iite'
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supcrlor corroglon reaietance. A 55 percent À1-zn
coated sheêt ls avallable ln the unlted St¡tes fron
Bethlehen steêI ånd othêr coûPanie¡ undcr thc trâde
natûc Galvalr¡¡c. ¡forlttYlde, Èhe annual production
capâclty for 55 percent Al-zn coåted shcêt exceeds 2

n11llon Èona.

Gâlvrlume sheêÈ hâ8 becon€ a grorlng factor in
the preengineered roetal bulldlng' apf¡liance' agrl-
culÈure, and âutmotlvê nrEkets. fts phenonenal
succ.ar in these narkeÈs ts due Èo the stgnlficant
irprovcnent ln atno8Pherfc corroalon reslstânce rrhen
c4ared slth stândard galvanlzed shect.

Based on l3-year erpoaure .test re3ults of shcet
Eârûples in severe narlne, narlne, lndustrlalr and
rural atnosPhere!, 55 Percent Àl-zn coatlng ls 2 to
{ tlncs nore durable thrn a galvanlzcd coatlng of
the !rât&! thicknesE [see Flgure 1 (¿) l.

Corrugated sÈeêl PIPG 1s ânothêr tradltlonally
'galvanlzed product that can b€nêflt froil Gålvalule
sheêt. In ordêr to ¿tcvêIoP ncanlngful pcrfomance
bêhâvior, Bethlehcú, ln co4cratlon rith nlnê stlte
hlghway agencles, establlshed fletd trlal8 for full-
slzed crlvalune corrugâÈêd steel plPe. Subsêguently,
a nuDbcr of låboratory têsts nere conducted to ðup-
pIêrncnt the €teld trlal data. The result8 of th¿8e

1.

2.

Galvalume Corrugated Steel Pipe:

A Performance Summary

A. J. STAVROS

ABSTRACP

Laboratory and fleldl tests håvc bêên usêd to
characterlze the perforn¡nce of GålvrllúG
corrugâted steel PiPc. Galvâlu¡ûê, galva-
nlzed, ånd alunlnu¡rcoated Îl¡Pê 2 shêêt wêra
EubJected to laborâtory tests ¿lê3lgned to
measure corroslon reslgtance ln salt sPraY
(ASÎH B 11?), cyellc ltrndlng satêr, and
full l¡nneralon. Àbrtrlon reglgt¡ncc and
asphalt adhcslon t,crc algo terted. In all
tests Galvalune sheet dctionltrâted thc beat
relatlvê pcrfornance. Rêsult! of fleld têrt8
thet co,ilPâred nearly 1'000 ft eâch of CaI-
vålune and galvanized corrugâtêd 8t.el PlPe
at 16 slte! ln the northeâsÈern united Statêa
Eubstantlated the laborâtorY predllctlons.
Àfter 9 to 9.5 yeârlt' the Galvalunc lnvertg
anil lnternittently set zonee lnsidc thê
plpe, uherê gervlce ls nogt 9êvê!êr gere
overall ln nuch better condltlon thân thoae
of the galvanized plpes.

have been develoPed
steel thåt Providee

ÀIunlnr¡u-zlnc (Àl-zn) alloys
lnto a hot-dtp coating for
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Pânelg were degreaaed, cleaned, and er
and wir,hour ri¡e cùt edges exposed. resr 

t"""111 
.:ln

conforrnêd tô as'Ftt B tl? yñoÈ^r{^- ^^-----'ì{q¡confor¡ned to AsT!¡l B ll7. rnEpectlon o""urrlì'q¡
;:.*tt 

intervâls. Results are glven in raUfes-ì 
fi

In salt Epray, rust 18 lnlttated on
Eheet in " ,"naoi'påæern. Behavlor t" ,no:"-".tlfüt

FIGURE I Corroeion losc¡ of G¡lvalume ¡nd
galvanized eheets afte¡ 13 yeare of expoere in the
atnosphcre (averagc top and bottom s¡rfaces) /I/.

I thtrl^," ¡-¡ C¡-lá usÞLÞ qte Efrç SupJæE oE En¡g
PåPer.

LABORÀTOR,Y TESÎ PROGR.AI¡I

The obJective of laboretory testing ls to Elnulatê
servlce behavfor at ån accelerated rate. Becâuae
corrugåted steel plpe nay be erposed to â eåriety of
enviroru¡ental conditlonsr no slngle lâborâtory test
can represent all Eervlce condltions.

A Èest proftrãtn vaa dcvelop€d to coflrpare GaleâIune
sheet rith other netâlltc-coâted sheêt steels both
in the standard accelerated sålt sprry (foq) te6t
and ln other testE deslgncd to slnulåte specific
agpeeÈs of culvert servlce (c.g., standlng rrter,
Boll contâct. abraslon, and aephalt âdhesion).

Salt SDrâv (Foot

three coaÈed culeert naterlalc scre evaluated: gal-
vanlzeô, âlunlnur-corted Ty?e 2, and calvâluilc. Teat
coupons (1 x I ft) rerc cut froß cqmcrclal O.O6¡t-
Ln., 2-2/3 x L/2 Ln. corrug¡td, splral sound, lock-
seaned plpe rtth rerolled endr. À tl¡]plcâl Èest pânêl
Is shofln ln Flgurc 2.

TABLE I Salt Spray Reeistence of
Culvert Materiab, Exposed Edgee

Su¡face Rust (%)

Time
(h¡)

55 Percent
Al-Zn Al, Type 2

335
6'70

r,000
I,500
1.850

Noto: Tr =tr¡cc.

T ABLE 2 Salt Spey Reeistance of
fülvert Materiale, hotected Edger

Surfacc Rust (7¿)

Timc
( h¡)

55 Percent
Ãl-Zn Al, Type 2

335
670

r,000
r,500
t,8s0
2,350
3,000
3,5 30
4,000

Nota: Tr =tr¡cc,

the gane for erposed or protected edges. On botù
câlvalu[e and ¡Ù¡ninu*-coaÈed tl?ê 2 sheets rult
u8uå11y lnltlatcs ât the edgca, so thåt rith pro-
tectêd edgê8 thê râte of ru8tlng fr slgnlflcantly
ret¿¡rdd.

For pånêls slth exposcd edges, rustlng had lnl-
tfrtcd on all threc coatlnga ln ebout { reeks (6?0
hr). At, thc concl,u¡lon of thê têat after II tcck¡
(11850 hr), 55 percent AI-Zn hâd a lovcr pêrcêntrgr
of rust thân the other coâtings, but all three co¡t-
lngs werc ertenlivêly rustêd.

ResulÈ! eere slgnlflcantly dlfferent when th.
pånels h¡d protcctcd edgea. Thê 55 percent Al-Zn hrd
the baBt corroalon re8lstance of the thrêê cortinq!.
Àfter 24 eeêks ({r000 hr) vhên the test eâa con-
cludcd, only I p€rccnt of thG 55 pcrcent Al-Zn rr¡
ruated, I0 pêrccnt of thê ¡lu[tnuD-coâted TyÞr 2 et¡
ruatGd, ând 90 pêrcênt of the grlvrnlzed sa¡ ruetcd.

Standlnq tlâtêr

Becauaê sater cân renaln ln plpc corrug¡tlons for
nany daya åfter acÈual flor haa st@€d, realatânc.
to ståndlng råtcr la t4ortant. A laboratory lrrt
was dlealgncd to neaaure thls reglgtance.

Test panêls cut froo galvanlzed, Galvalune, and
âIurlnu¡û-coåted Îr?ê 2 corrugatcd sÈeêI plp€ eÊrâ
made into Èroughs by dårEllng the ends (pfgure 3).
thê troughs rú€re filled rith ?50 nL of elther il[!-
tilled sater or 0.05 pcrcent NâCI solutlon (brackllb
saterl. Fllled troughs wcre stored at asbient cct-
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FIGURE 2 Test p¡nel cr¡t from corrugated pipe.



FIGURE 3 Troughs for etanding nater tettt.

-¡raÈürê untlt the solutlons had ¿lried corrÛPletely.
lll,]-rere then scrubbed crlÈh a sofÈ brlstle brush to
jilo" 

"otto"lon 
products and refilled rith solu-

iil". ftti" procedure slrnulâtes the conditlon where a

l"i""rc is subjected to âbraEive flov, yet dries
Iåretety. The aveEaqe ttne betreen the addltion of
i.""n "ofotf"na 

rras 9 to 12 dlaya. testlng waa endlcd

¿i¿er zeo daYa (24 cycLes).
The reEults of the Etandlng sâÈer tests are glven

rñ rrbles 3 and 4. In dlsttlted water galvånlzed and
åirvafune troughs denonatrate 8iû11âr behavlor: snall
iinootnts of rust gradually tlevelop at Èhe high tra-
i.rLtt (someehat eârller on Galvâlune). After 260

i"i" *r"t" âre still only a fer pinpolnts of rust'
rúnough the gâlvanlzed trough has undergone rnore

ccneral corrosion Èhan Èhe Gelvalurle trough.
fhc aluninurtscoated lYP€ 2 trough also exhlblted

rust speckE âfter several cYcles. Thesa sPecka,

distributed throughout the exposed surface' gradu-
ally increased ln size and nunbcr to cover âbout 3

percênt of the exposed Eurface after 260 ilâys. rhe
e:rposed Eurface was also very rust stâined.

In the 0.05 Percent salÈ solutlon Galv¡lu¡!ê
trougha hâd the best perforrnance. By 135 dayr only a

fêr rust specks had developcd slthln thc acncrallY
corroded area. T'lrle sltuâtlon had not changcd ep-
preclably âfter 260 drYs.

Thr galvânized troughs qulckly devclopcd rurt
Epecks, inltially at Ehe hlgh râternark. Although
the entlre expoaed area íâa corrodedr only 10 PGr-
cent Has rusted at the concluslon of Èhc tê!t. thls
rust ras nostly ât the hfgh sâtêrilrrk.

Alufllnun-coated TYPe 2 Èroughs had thc Poorêrt
p.rforûance. Rust Epecks bcgân ât the hlgh rrternark
afteE a fee cycles and lncreased ln slzc and nunbcr
untll tOO percent of Èhe ex¡nacd rurfacc srr rusted
àt the end of the Èest.

71

UnderHâter Corrogion

Undernater imrersion was uged to deternlne the ef-
fect of pE on aqueous corroston. Gâlvãnlzed and
calvalume pânelE (wlth Asfl G 90 ând Az 50 coâting8t
respectlvely) and Protected edges sere ltmersed ln
water containing {5 Parts Per nlIllon (PPtn) of sul-
fate-lon ând 10 pptû of chloride-lon for 3 months.
(Alunlnuft-coåted Typ€ 2 sheet saÍ¡PLes lere not
avallable for this test.) The PE waa adJusted as
needed to the desired value by addltlons of B2SO4 or
NaOg.

The results ln terrna of coatlng thfckneEs loss
are glven ln Table 5. In the PH rânge of 5 to 9,
shlch ts t}¡Þical of most natural tjâÈers, a 55 per-
cent A1-zn coatlng ls slEniflcanÈly nc,re reslstant
to corroslon thËn â zlnc coatlng. In the acld range
both the zlnc ånd 55 percent ÀI-zn coåtingr were
ccrûpletely corroded aflay. At Èhe alkallne pE, ehere
zinc had its losest value, 55 Percent ÀI-zn corroded
at a Etlll lotter rate.

Soll Testg

To 8inulâte the long-Èerrû burlal of culverts' Èest
panels uere placed ln artiflclally cmpounded solls
that t,ere exPected to provlde hlghêr corroslon rateg
than ty¡rlcal of nâturâl so1ls. Theae artlflclå1
solls ¡re describ€d ln Table 6.

Pânels íere obtalned fron 0.06¿¡-1n., 0.5 oz/fl'
Gàlvâlune lO.7 oz/ft2 culvert stock râa not avail-
able) and 2 oz/ft2 galvanlzed theêt. Àlunlnun-coåted
T:¡pe 2 shect was not lncluded becâuae 1È sas not 8o1d

for culvert use rhen thcae tcats trcre lnltlated.
Corrosion dâta håve been coûPlled for test Panel8

renoved at 0.6, I.6, and 2.8 yeârE (Flgure ¡l). In the
nllateat So11 1' the Percent coatlng sêlght loaa for
the gale.nlzed Pânêl ls lesa than that for thê Gal-
valure panelr but both âre los and ne¡rlY l¿lcntlcal.

Gåleanlzcd and Galvalune Penêls burled ln the
rnore aggre66lve sotls 2 and 3 håve nuch hlgher
welght loaEea. In both sofls thc loa!ês for Gal-
valu[e panels åre ûuch lesB thân thosê of galvanlzed
panele.

these buriâl tests ltugge6t thât Gålval'unc nay be

mrc regletânt to aggresslve -sol18 thân galvanlzcd
sheet.

Abra8lon ReslEtance

thc Câllfornla DePartnent of TrânsPoEtatlon derlgncd
Èeat âPParatus (¿) eas usêd to ttliblc corrugatcd
påncls 1n a naÈer slurrY o! sharP tllnt pcbblce.
ie¡t p¡ncla, cut froú corrugated PlPe, rcre úountêd
so that the corrugatlong vere ât rtght anglea to thê
rotatlon of the âpPâratuE (1.c., the abrasivc slurry
floya acroas the corrugrtlong aa occur! ln scrvlcc).

A nondêstructlee thlckners 9au9ê rå8 ugcd to
neâaure coating thlckncls ât flvê porltlons across â

TABLE 3 Resistancc to Stending Di¡tilled Vate¡

Duretion Surface Condition

Cycles Days Zn 55 Pe¡cent Al-Zn Al, Type 2

2

5
1

t0
l3
l6
t9
24

t8
6l
6l

r09
t35
165
196
260

OK
OK
OK
Rust specks
Rust specks
Rust specks
Rust sp€cks
Rust specks

OK
Rust specks
Rust specks, stain
Rust specks, stain
Rust specks, stein
Rust specks, stain
Rust specks, stai¡r
Rusl sp€cks, stain

Slight stail
Rust specks, stain
Rust specks, stain
I percent rust specks, stain
I percent rust specks, stain
1.5 percent rust sPecks, stain
2 percent rust sp€cks, staiJ¡
3 percent rust specks, stain
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TÀBLE { Resistance to Standing 0'05 Percent IaCl Solution

Surface Condrtton

Dura tlon
5 5 Percent
Al-ZnCycles Days Zn {1. Type 3
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corrugation, repeaeed over four corrugâtions on
sarnple (Figure 5). t4easurernenÈs were made init
and afÈer each I5r000 revolutlons when È.he s1r,']l
(16 L nater, 5 kg fllnt Pebbles) ,"" "t":.:h.nq;:Abrasion severiÈy nar¡ changed by varying the ¡q¡¡,j
of panels exposed to Èhe slurry.

?

5

7

l0
t3
l6
t9
:4

l8
ól
8r

r09
135
ló5
t96
t60

Rusr specks
Rust specks
Rust specks
Rust specks
Rust specks
I percent rust
I percent rust
l0 percent rust

OK
OK
OK
OK
Rust specks
Rust sPecks
Rust specks
Rust specks

Rust specks
Rust spccks
I percent rust
5 percent rust
l0 percent rust
:0 percent rust
30 percent rust
I00 percent rust

The results of the nost Eevere abraslon tes¡t ,-
given in Table 7. À11 three coated steefE ï.:-r
judged Èo provide about equå1 abraEion resish;l
based on che Eine (or revolutions) needed to etÞo;
base sÈeel at Positlon A, ïhich had the highest ¡¡f,
of coating loss. LeEs severe abrasion tests i¡¿i'
cated si¡îilar results.

pH Coating

TABLE 5 Underwater für¡oeion of Gaþalume and

Galvanized Panels

Asphalt Adhesion

Asphalt adheslon was measuEed by both impact resib
tance and freeze-thae cYcllng. Both flat and corru.
gated test pânelE rrere coaÈd on one 31de elth å!.
phalt. A stândard trc-diP Practlce at 4I0oF v¡¡
follosed to build uP the speclfied 50-nll asph¡¡¡
¡h { 

^bñâde 
Cóô âãñha l Þ-aôaùêal oancl S Wef e eoâ.{ -^___ _._- c(

roon ternPerature for 10 nonthst otherE were artltt.
ctally age¿l at 150"F untll the asPhalt had slgnitl-
cantly hardened.

Iñpact realstancc rras ¿letertÌ1nd by revêrse l¡
pactlng the Èest panels ât 80 1n.-1b with a Gardc¡¡¡
Irtrpact Tester uslng a 0.625-in.-diameter ball at 2gr

ând ¡looF, and Èhen nêasurfng Èhe ertent of deht.
nat10n.

For freeze-thav cYcling, the asPhalt rres groovla

through Èo the rnetal to produce l-ln. squares. Thera

panel8 uere tben cycled âÈ -20oF for 8 hr andl ¡6q
tetupêrature for 16 hr. Spalling or loss of adheslo¡

was noted.
The results of åsPhatt åilhesion ln the inFct

teat åre glven ln Table 8. Galvantzed and Galvahq
Eheets had about thc aanc anount of dela$lnâtlqlt
nhlch eâE obaerved to be dllrectlonâl about Èhe Polnt
of lnpâct.

Although âlunlnuû'coated IìaPê 2 sheet åPperrn to

be nore prone to dêlânlnåtton, â dlrect colÛParlü!
may not be Posslble because the galvanizcd andl G¡l'
vaiune Èeat Panels rerc sno<rth, eherers the altIl'
n(rcoâtd TyTG 2 Panels scre corrugatd.

After 5 reeka of frêêzc-thar cYcllngr no illffcr'
encer srrG noÈêd ¡rÞng thc Èhrec cortlng nrterldr
in the roætetlp.rature-rged condltlon. A9lnq
I5OcF, hotcverr lncrQarGd the dêIârüinatlon r
t,o the rooFteûE errture-agcd condltlon.

Laborrtorv Test Reault!

the datt in lablc 9 armart'ze the relatlvc pcrfol'
úâfrcc ln thc lâboratory testa of che three cortad

shêct stêela coÍmnly av¡llablc for corrugâtêd stêal
plpê. Relrtlvc perfornance k¡ lndlcatcd bY the nÛ'

¡¡eìafg 1, 2, aná 3, sherc beat perfornance lE I rd

Calculated
Thickness Loss Th¡ee-Month
(mil) Appurance

3

5

'7

9

ll

Zn
55 percent AþZn
Z¡
55 percent Al-Zn
Zn
55 percent AlZn
Zn
55 percent AfZn
Zn

55 percent Al-Zn

I

0.79
I

0.19
0.92
0.r3
I

0.1 2

0.58

0.43

Rust
Rust
Bare
Mottled
Bare
Mottled
Bare
Mottled
70 percenl

ba¡e
Ba¡e spots

TABLE 6 Test Soils

Soil Desc¡iption pH

5

4

6

I
2

3

3

À

a

Native shale, clay: wet and dry
Natûe shale, clây treåted with CaCl2

NaCl, MgSOa: wet and dry
Native shale, clay, bentonite treated

with CaCl2, NaCl, MgSOa: wet

70,000

35,000

I,700

Codng/soal

Gdv*¡il
GdYrit.d

12
oo
a¡

a,

t
j
o

a9ao
3o
!
oo t

a

sorst frcrforúancê ls 3. NT indlcate! thG cortlng
not teEtd.

Bâ8êd on Èhe reault! of thê lâboratory

Shortly lfter thc lntroductlon of Gâlvllut¡G
atecl, Bêthlêhc!¡ stêcl Cor!,oraÈlon ln coopcr
slth nlnê stâtc hlghvty dêltartnents ln the nol
eastern ltnl.Èed statca eBtâbl18hed flelct servlc'
cests for Galvalrnc corrugâtd steêl Ptpc. Íb'

t.
^l ¿2

l.t -/

Galvahae shêet rould be axPccted to Provlale â str'
vlce llfe eguâl Èo or b.tte; than that of galvanlrrd
or alunlntÞcoatêd Îf"c 2 sheêt.

FIELD SER\ITCE TESTS
7

E¡poln.V5

FIGURE 4 füating lo¡¡ in h¡ri¡l tect¡.

Resistivity
(ohm-cm)

t¿,tz

ø--------'
._ 23

prlúâry Purposê Í!s Èo doctúênt behavlor
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lÈt'ttos

Po!ition!

B

FIGURE 5 füating thickness measurement poeitions in abrasion teste'

TABLE 7 Abrasion Teet Reeults

Thickness Loss ( mils)

CoatÍng Type
No. of
Rotations Avg

Visible
Steel

Zn

55 percenr Al-Zn

Al, Type 2

I 5,000
30,000
45,000
r 5,000
30,000
45,000
r 5.000
30,000
45,000

1.58 0.r7
t.65 0.22
I .98 0.1 0
0.71 0.23
0.85 0.4 r

0.88 0.49
l.0l 0.56
1.08 1.00
r .33 0.97

0.32 0.31
0.43 0.52
0.35 0.60
0.02 0.03
0.07 0.08
0.1 I 0.10
0.26 0. t 6
0. I I 0.21
0.24 0.36

0.64 0.ó0
l.t2 0.'Ì9 Trace at A
l.59 0.92 At A
0.41 0.30
0.68 0.42
0.80 0.48 At A
o.44 0.49
0.75 0.63
0.88 0.'16 At A

TABLE I Arphalt Adheeion Impact Teet

Test
Temperature
cF)

Aged
Condition

Asphalt Delamination ( mm)

Zn 55 Percent Al-Zn Al, TYPe 2
(smooth) (smooth) (comrgated)

20

50

RT aged
I 50'F aged
RT ated
I 50'F aged

13, t0 t0, l5
15,>50 t2,12
r, I l,5
t0.8 9, l l

50, >50
50, >50
10, 0
40, t2

Note: RT = room teEpantuê.

TABTE 9 Lrboratory Teeting of Met¡llic C.oating for
Cornrgated Steel Pipe

Relative Perfo¡manceâ

55 Percent
Al-Zn

calvåluûê corrugatêd steêl PiPc hâ8 ålao been
used coñerclålly ln nuncroug tnstâllâtlons. Sheet
ànd PIpc Eeet AÀSRIO SP€ctflcâtlons U 289 and l{ 36,
ånd ASTI{ SP€clflcatlons À 806 and A 760 (under
revislon) .

Tæt Znc Al, Typc 2

Salt spray
Standing distilled wate¡
Standing 0.05 percent NaCl
Immersion (pH)
Soil rèsistanæ, 3 years
AbÌasion resistance
Asphalt adhesion

¡l 
= bc¡t pc¡fom¡nc¿,2 = intcrñcdiatc p¿rfotñ!¡cc, 3 = þßt porfomúcc,

.nd NT = not tctcd.

actual servlce condltlona' coúParing the Pêrfornrnce
of Gâlyalune corrugrÈcd steel PlPc rrlth that of
gâIvanlzed corrugåtd steel P[Pe.

Additlonal fleld servlcc teaÈs ln other aectlona
of Èhe t nlted scâtes haYê recently becn establlshd
to broaden geograPhlc coverage and to includê ger-
vtcê condltlona not avallable ln thc northeâr¡t'
Bec¡uae Èhese Eites are only 2 eo å yeârs oldr. Èhey
llll not be dlgcuseed.

Installatlon

Frcm October 1973 to Octobêr 197¡l' 16 servlcc testa
ualng corrugaÈed PlPe nadê frd O.6 oz/fE Galvalune
a¡d i oz/fi.l galvanlzcd street rere Placed fn gervlce
ât ftve sltes in ltlâlne' thrcê E[Èê! ln Ner ErtûPahlre'
tr{o sites tn Rhode I8lândr and onê slte e¡ch ln t{ary-
lånd, !¡låasâchuaettsr Ner Yorkr vermntr and virglnlâ'
At thê Èfuûê thêBê têats scre establlshêd, the heâeler
O.7 oz/ti-r 55 pêrcent Al-Zn coatlng næ requlred ln
ÀSl't{ ând ÀÀSE:[O speclflcrtlona urs not rBade on B'th-
lcheû'a sparroea Point Galvaltne coâtlng line'

Thc lõcatlon, u6e' conflguratlon (Parrllel or
tânden) ' and length of eâch lnstallatlon rre glvên
ln Tablc IO. About 1'OOO ft erch of Gãlerh¡nc ånd
grlvânizcd corruEated steet plPG sere lnatalleô'

A wl.dc range of envlroÍuental condltlon6 ls
encdu[râa8ed by these I6 s1Èe3' lncludlng dralnage
fro¡¡ iarnland, forests' bogs, hlghuays' ând hlghsây
nalntenance yrrila. Nlne of th€ sltes usually haee

3

2
1

3
3
I
I

2
3
3
NT
t{Î
¡
3
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TABLE I0 Deecription of lrutallation¡

Date
lnstalled

Pipe
Pipe Length (ft)

Configuration Galvalume Galvanrzed DrainageFromSite Lo ca tion

I

?

3

4
5

6
1

8

9
l0
II
t2
l3
t4
t5
l6

Milford, Conn.- 
B¡ewer, Mai¡e

. Kenduskeag, Maine
- Levant, Mai¡e

Milfo¡d. Maine
Newburgh, Maine
Hereford. Md.
Chelsea. Mass.
Danbury, N.H.
West Ossipee, N.H.
Thornton, N.H.
Woodbury, N.Y.
Lincoln. R.l.
Cranston, R.[.
Ferrisburg, Vt.
Fredericksburg, Va

lll'73
1 t14
1l't4

t0l7 3

ttll3
t0t't 3

tU'13
t0l'7 3

6174
t0113
ll114
t0113
t2113
9l't4

tolT 3

Û 113

Pa¡allel
Tandem

Pa¡allel
Pa¡allel
Tandem
Tandem
Tandem
Pa¡allel
Parallel
Pa¡allel
Pa¡allel
Tandem
Tandem
Parallel
Pa¡allel

100
20

0
40
40
20

6
90
g0â

40â
144

200
80
50
18
5o¡

100
l0
54
40
40
20

6
90
80
40
74

200
20
50
78
508

Highway maintena-nce yud
S prings
Rural road, springs
Bogs
Bogs
Rural roads, bogs
Highway maintenanæ yard
Interstate, u¡ban roads
Rural roads, bogs
Rural road
Streambed
Interstate, rural ¡oads
Ru¡al road
Parking lot
St¡ea mbed
Stræmbed

aAsphalt coted

continuous f1os, prinarfly spring-feil. The retnalning
Eeven siteE have internittent flos after Etorns and
especlaLly durlng Èhe sPring tharing cycle. Tïe1ve
sltes have a mininurn slope of less than 0.5 Percent.
lt o sltes heve slopes of 1 to 2 Percent, and lro
sltes are greater than 2 Percent. Uâny of the ln-
stallatlons carry bedloåds of soll, sendr gravel,
and large rocka to vâryfng degreeE. lhree of the
installations are âIso subject to sâlt-laden florr8.

Nuneroua tnspectiona of these sltes hâvc been
cârrled out since lnstallatlon. These lnsPectlons
have been prinarlly vlsual, ïlth PhotogråPhs record-
Ing the progreEr¡1ve reâctlon of each PlPe to ltg
partlculâr enviroñûent. soll and râter nåÍples serê
often Èåken to rêcord any chânges ln ProPertlelt
(TåbIe 11).

Results

The perfornânce of â buried corEugâtd stêel PlPe
can be best follofrd by focusinq on Èhe behavlor of
(a) the lnvert, (b) the soll 8fdê, ånd (c) che zone
of lnterElttent r,etnêsa bctreên the lor and hiqh
water levelE.

The Invert

This portlon of a culvert usuâlIy suffers the grett.
eaÈ ¿legree of corroslon. Thê frequent or continuou¡
contact sith Hâter, âlong with any abraslon or erÈ
sion, can penetrate å rnetâlllc coating ln a short
tlne under nevere condltlons.

Wlthln the flrst year of servlce rust lndicâlionr
were found on the gâlvanlzed lnverts at sltes I arid

5 and on thc Galvalutne lnvert at Slte 12. By 2 yearr
of Eervlce there sere lndlcatlons of rust on tbr
galvånlzed lnvert at site 12, and al.so on the cal-
vâlune lnvert ât Slte l. A1l invertE hâd neesurabh
lndlcâtlon8 of rust at s-year nervice tnspectlonr,
r.lth the excePtlon of Site ? (usually dry) and

Èhosê pllres thåt rere åsPhalt coatêd. Generally' lhi
calvålu!ê plp€ lnverts took 0.75 to I year longer to
shoe nêâsurable rust.

The noat recent inepectlons at 9 to 9.5 years of
servlco found Èhat' rrlth the excePtlon of SlÈe 12

(ehere there ls a larger arû€tunt of lnvert rust ot
Èhê Galvalu[e plPe, but both galvanized and Gal'
vâh¡n€ Plpe haee Perforâtcdt ' Galvålume fnverts å¡l
equâl orr nKrre often, are ln nuch better condlÈloû
than the galvanlzed lnverts (Flgure 6).

the æst severêly corroded inverts (StÈes I, 5,

TABLE I I Soil and Yater Propertiee of Service Tect Site!

Water
Soil

Sitc pH
ResistiYity
(ohm-cm)

Chemical Amlysis (mg/L)

pH
ResistiYity
(ohm-cm) Ca** Mt** HCO' Cl- so;

Acidity
(mg/L) as CaCO¡

I

2
3
4
5

6
7
g¡

9
l0
u
t¿
l3
l4'
t5
l6

6.t
8.2
ó.5
5.2
1.9
7.9
6.6
6.8
4.6
5.1
ó.0
6.5
7.O

300
r 68,000
6l ,000
26,000
82,000
2 5,000
20,000

2,1 00
36,000
4,000

l 32,000
6,200

t 9,000

22,700
14.300

I,200
12,000
9,500

10,000
44,000
20,000

700
E,900

3l,000
27,000

I,200
2.700

83
29
48
22
t0
l0

90

to
t0

t45

t27
23
2t
u

'Ì .'l
r5

5.7
7.2
6.E
5.4
4.9
6.1

879
5

5

<5
<5
<5

199
l4

<5
<5

<5

300 62
24 7.8
¿lO 8.'l
24 5.8
8 3.9
16 4.9

8

8
l6
40

1i io
1-

258
15 t2

_8

I,400
4,800

ã,
ó.1

6.6
5.5
5.2
ó.3

6.9
6.7
1.0
5.8

t92 64

3.2 I

I 1.9

]'t lt.t
139 64 63 <4

Notc: Oritiml vrt6 úlc$ signiflcrnt chügc foúd duing t tutÁcque¡¡ mêüucmên3.
ôl¡cccesiblc ¡ince ¡ñtt¡ll¡tior bæ¡q. of hith ulr.



Soll Siile

soll condittona can vary frorn sorBethlng tyPicål of
atrcspheric exExrEure to thåt conParable to coûplete
lñìersion (3,PP.90-99). !{enY tyPes of ehenlcal'
electrochenlcåI, or even bacterlål attack are Poa-
s ible .

corçared eith the plPq lnYerts, et(Pêrience hâa
indlcate¿t that soIl-Eide corroalon ln thc north-
eastern tntted Ståtes le usually not ElEnlflcant.
soll-side corrosion waE Þnltoreô onty by renoving
backfill fron around the culverÈ ehere lÈ Protrudd
into Èhe atfürsphere. The nþre rfgorous rnethod of
drilling core EânPIes frorû the PIPê at a PoalÈlon
rell renoeed fron the PiPe ends Has not Justlfled.

Llttle chânge waa noted on elther Èhê galvanlzed
or Galvalune plpes untll recentlY. It 13 Possible to
tllrectly coí¡frare soil-slde behavlor at nlne sltes'
Eight of these sltes Here inspected ln 1983. Àt
three Eites both the galvanlzed and Galvalutne PlPe6
rnre ln åbout the sane conditlon: Eoñe ruat at slte
Ir and in good condltion ãt sltes 7 and 12.

15

it is also rusting. AÈ Site 6 the Galvalune pipes
Ehoss better soil-side behavior than the galvanized
pipe, although both are in good condltion.

Soil-side condftion does not aPPear Eo correlate
with soil PH and resistieity. In no lnstance, how-
ever, was the soil-side corrosion conParable with
Èhat found on the inverts.

Zone of Internittent ¡{etness

In thiE zone between the high and low water levels,
where the coating is internitÈently Het, the 55

percenÈ Àl-Zn coatlng was found !o be nuch superior
io a zinc coating. l¡lost of the galvanized pipes
shoïed rust much earller than thelr Galvalune com-

panions and contlnued to ¿legrade nuch rnore rapidly
rlth age (Flgure 7).

FIGURE ? fümp¡¡i¡on of gaþanized (top) and G¡þalumc
(bottom) intcrmittently wet ?pn¿s ¡fter 9.5 yean of expoorc
at Levrnt, Maine.

DlEcusslon of Resulta

Galeånlzed culverts hâve been ueed succesafully
stncc early ln thts cenèury. There h¡ve bcen nu-
meroua studles into their durabllity, lith the ain
of relâtlng servlce life to neagurablc envirorunental
prqertles (!) r Partlcularly eoll anil vater pH ând
reslstlYlty.

Àlthough there haee been succes6ful correlatlong
of durâblltÈy rlth PH and reslstfvitv, other Etudles
hav¿ found dlfferent fâctors to be ßore lnPortant.
cenerally, pg and reslstlvlty elonq with a consldcr-
atlon of abraslon can provide guldellnes for the

gGUBE ó Compariron of galvanized (top) and Gaþalume

þttom) pipe invertr after 9.5 years exPocure at Newburgh,

M¿ine.

¡¡rd 12) are explalned by contlnuous netness' Thege
¡ggreseive flosa are of lor PH (Sltes I ãnd 5) or
lor reslstivltY (Sltes I and 12), contaln aggrêEslvê
ions (Cf at Sltes I and 12), or âre abraElee (â11
three Eites) .

The calvalume plpe has corroded to e greater
ertent at four sltes 12, 1.3. and 15), Hhere there
lg Eme ilegree of rugt, rrhereag the galeanlzed plpe
iE only darkened sllghtly, excePt ât slte 15 ehere
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successful use of galvanized culverÈs. The National
corrugated SÈeeI Pipe Association Selection Guide
(!) indicates EhaÈ galvanized coatings are satisfac-
tory over a PE rãnge of 5 to 12 lf resistivlty is
greater thân 10'000 ohrû-cî wlth no nore than moder-
ate abraslon. If reEistivity drops dosn Èo 2,000
ohn-cî, Èhe suggested pE range is 5.8 to 10.

The data ln Table 1l lndlcate that water and soil
conditions of many of Èhe service Èest siteE lie at
Èhe extrerne or even outside of these guidelines.
ParÈicularIy severe conditions would be expected to
exlst at Sites 1,3, 8,9, 10, 12, and 15. Alsor the
highest chloride concentrations occur at Sites Ir 8t
and 12; Èhe highest Eulfäte concentratlons at slteg
11 8, and 15; and the higheEt aciillty at Sites ¡1r 5,
and 8.

fnEpectÍons over the past 9 years found that Site
12, whi,ch is very abrasive, has indeed Euffered the
most intense corrosion. The lnverts of both the
calvalurîe and galvanlzed plpes perforated at, their
entrance ends in betneen 8 and 9 years. Sites I and
5 also show severely corroded lnverts. Àt SiÈe I
both the Galvalurne and the galvanlzed plpe inverts
are esEentially devoid of coâÈlng and exhlbl.t large
shallon pits in the steel base. At Slte 5, hoîrever'
Èhe extent of rust is rîuch greater ln the Ealvanize¿l
plpe than in Èhe Galvalune pipe.

A sinilar sftuâtion exlsts at Sltes 4 and 15, but
the total extent of invert corrosion is much less in
both plpes. Site I has never been inspected after
lnsÈallation beeause of hlgh water levels. site 9

was only recently clagsed as a severe slee because
of â drop ln pH. There is Etlll substantlal coatlng
on the Galvalutne lnvert, but because the galvanized
pipe is aEphalt coåted, no cornparlson ls Possible.
At Site 10, whlch IE only occasionally wet, both
plpes are EÈi1l ln excellent condltlon.

Àt the remaining test 31tes' nhlch fall sithln
the guldellnes for 9âlvanized coatlngs, corroslon
has been lesa severe, even though sdne Eitea are
contlnuously rret. At S1teg 2. 6, and 7r nhere Gål-
valurne and galvanized can be dlrectly colûpared, Èhe
Galvalu¡ne lnvertE Eange fr6r as good as the zlnc
lnvert at slte 7 (both are stlll free of red ru8È)
t,o EubEtantlally better aÈ Slte 6.

f.abratory testing suggested that Gålealune coE-
rugated steel plpe should bc nore reailtânt thân
galvanlzed corrugaÈed Eteêl plpc to aquêour corro-
slon, especiâIly nhen Cll or Sq long are presênt,
and to corroslon by aggreaalve Eolls. tlhere abraglon
is Èhe dønlnant facÈor, both Galvalume and galva-
nized corrugated Eteel plpeE should perfor,î equåIly
welI.

The Éleld tests tend Èo substantlate these Pre-
dictlons. The ineerta and lnternlttently set zone of
the Galvalune plp€! took longcr thån grlvanized PIPê8
to shoe first rust and renaln fn equal or usually
better condlÈlon.

i{here abraslon ls slgnificant, both coatings shor
much rrcre but about egual ¿leterloration. Unfortu-
nâtel.y, the nost chernlcally aggresslve test sttes
were also the rûoat abrasive, so Èhat the two fâctors
cannot be sePârated.

Soll condfÈiona are nild at nost sltea, ånd there
is no clear lndlcatlon that elther eortlng 1E

markedly superior. At the one eggresslve slte rthere
bare pipes could be evåluated' both rere in the sane
condltion.

Fleld Perforrnance suñnârv

After nearly 10 years of servlce testlng about Ir000
ft each of galvanized and Galvalurne corrugâted plpe,
Èhe follosing conclusions âre obtained:

Transportatlon Research Recotd

I. The inverts of the Galvalune pipes
all in nuch better condition Èhan those .f"ta;""::
vanized pipes;

2. In the area betreen the h19h and 16e
levels, above the lneert, corrogion reslstanec
Galvalu¡ne pipes lE superior to galvânized plpee; 

¡

3. calvalule and galvanized corrugated
pipes provide about equal. reslstance to soil eo¡
sion; however, the soll corrosion rate lE much t^
than Èhat obtained on the fnverts and ls not à !niflcant factor ln overall pipe durability.

Results of fleld têstE comprlsing approxinatrh
1,000 ft each of câlvaltne and galvanlzed corruc¡r-i

coÈtcl,usIoNs

Gâlvalune, galvanlzed, and alunlnu¡r-coated fyp¡
sheet steels were subJected Èo laboratory
deslgned to Einulate various aspects of cor
Eteel plpe servlce. In all Èe6ts calvalu¡ne
deíionstrated the be8t relative perfornance.

steel plpe âÈ 16 Eltes in the northeâstern Unt
States haye substantiaÈed the laboratory predlct

valune lnverts and fnternlttently wet zones on
inslde of the plpe were overall in much better
dition than those of the galvanfzed pipe. AddlÈ
field Èests are under rây to broaden these
c lus ions.
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