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Bethlehem Steel COrporaﬁOn o .

BETHLEHEM, PA., 18016

uETHEEIfEM
STEEL _
April 12, 1976

Enclosed is the report of corrosion tests conducted at the Eight-Mile
‘Road Interchange near Detroit, The report serves to update with
8-year data the more detailed report which was previously written -
based on_@-yea.r tests.

This work shows that where boldly exposed and subjected to normal
washing and periodic drying, Mayari R (ASTM A242): (1) develops
an adherent protective rust layer, (2) exhibits corrosion rates which
decrease with time, and (3) as expected has (at least) 4 times the
corrosion resistance of carbon steel. Most of the bridge surfaces
behave in this manner. However, in the tunnel-like confined areas.
next to a solid wall beneath the westbound service bridge where road
salts and dirt accumulate on the surface of the steel, we observe that
Mayari R: (1) develops a flaking, non-protective rust layer,

; (2) exhibite relatively high corrosion rates which do not decrease with
time, and (3) behaves much like carbon steel. -

TRANSPORTATION LIRRARY
_ MICHIGAN BEPT. STATE HIGHWAYS G-
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LT :CORROSION RESISTANCE OF MAYARI R STEEL ON THE
”f,*_fEIGHT—MILE ROAD BRIDGES AT DETROIT MICHIGAN

April 5 1976

e 180116

;In cooperatlon w1th the Mlchlgsn State Blghway Department (MSHD) We have
ffcompleted our: 1nvest1gatlon of “the. corr031on resistance of Mayarl ‘R ateel AU
@,on the weatherlng steel ‘bridges at the complex 1nterchange of the Elght—Mlle_j-f_ﬁ-
:hRoad and James Couzens Expressway at Detr01t Mlchlgan Rt

f}The Elght—Mlle Road Brldges'have been opened to trafflc for about 9 1/2 years.:bf-"”'
_7?Corr0510n ‘specimens were exposed for 8 years. 'in the. tunnel ~1ike. underpass h'”
coiof the Westbound Serv1ce Brldge above the southbound danes. of: ‘the expressway
'V:For comparlson, 1dent1cal specimens were -also. 1ocated on ‘a. nearby bulldlng i o
p]}roof free iof trafflc fumes, road :spray,. dlrt, delclng salts and. othcr deposxts,g
L% The obJectlve of ‘the test was ‘to determine ‘the effect of road dlrt vsalts. :
q;”and the 11ke on the corr031on re51stance of weatherlng steels (ASTM A242)

: 'MaJor portlons of the Mayarl ‘R steel on - the brldges over the expressway,-:f'
~as well as the corrosion speclmens onthe. roof of -the bu11d1ng, .are: show1ng
_:hﬁthe plea51ng, unlform protectxve ox1de 1ayer characterlstlc ok weather1ng
_'yfsteels ‘However ; ‘Mayari: R béams on_ the: Low— level service. brldges above' the
*ﬁ:fsouthbound lanes: of ‘the: hlghway, and the: 8~year specimens. on these beams_ e
riareinob perform1ng Well “There is: heavy flaky:rust and’ con31derab1e road -
"ﬂsalts and ‘s0il " on these surfaces.. Corr051on~rate measurements on: the 8—year
_'3'_panels conflrm prev1ously reported 4—year 1nd1catlons (References l
S that apprec1ab1e corrosion: is: occurrlng at - these_areas -
C1023 milsoper year and ‘increasing with' ‘time: of kposure 1n'contrast to 0. 28 m11
:*ffper year: and corrosion. decrea31ng w1th tlme for spec1mens ‘on . the nearby '
o jbulldlng roof free of trafflc fumes, road salts ‘and dirt
f7_;cant plttlng beneath the scaly rust; ‘nor any 51gn1flcant:accumu1at1on of
f];depos1ts or flaklng rust on ‘the steel members “in the relatlvely unconflned
: “?sectlons of the service brldges over the northbound 1anes of the expressway

“:'The poor behavxor of the Mayar1 R steel is’ due to an accumulatlon of road
'zzfdlrt and salts ou ‘the steel. surfaces. ~ There is a hlgh retaln1ng wall: along
_the shoulder of- the depressed hlghway beneath the low~level: servlce ‘bridges. -
Lo and! ‘tunnel- like- condltlons in the- underpass next to the wall These condltxonS“
”.L7-1nten31fy the -air- blast created by the heavy. trafflc ‘on “the expressway and
7hcarry road spray,.dlrt and salts to. the steel surfaces The deposlts tend to'ddr

(1) G F Melloy to R E Slmpson, June 2 1970;%180171345d:?;drlfﬁz-
(2) 3. W. Frame'to R.E. Slmpson, April 30,1971, 1801~le. '»nh
..(3) J B Horton to S “E. Chehl, June 4 19744”18Q1jle;ﬁja i

Introductlon and Summary

”nd i2).
fCorroslon 15 about

*gThere W48 .00 31gn1f1




RN Resultb of the tebt clearly show the'lmportance of perlodlc.wettlng,_raLn

.ffﬁof 1.25 mils. per ‘year; ‘the “initial thickness and strength of the beams, and

e:35would still exoeed the maximum btrength requ1rement by about 20/ afLer
s 15 years “of serV1ce.¢ In thl& calculatlon, ‘the ‘recently. adopted AASHTO* Load
:Factor D931gn Criteria and load factors eupplled by MSHD were: uged. Howev

*keep the surface wet and keep chlorldes and bulfates 1']Lloee contactQJ; ﬂ}f}igﬂff'

"e*w1th the eteel and .cause -an accelerated poultlce type LorrOblon.'

';ﬂwaehlng and drylng for the: development of protectlve ruston: weatherlng steels'q
“and the need ‘to be wary of tunnél-like. underpasees and Londlt ons ‘that allow -
road salts .and dlrt to. aecumulate on . the steel surfaoes.* Sales'Englneerlng
ﬂcalculatlonb (Reference 3).’indicate- that, ‘with.an average ‘corrosion rate .. S

the deelgn data’ submltted by the MSHD ‘the: structural capaelty o the br1dge 13.

 :0ur data (bee Flgure 2) 1ndlcate thatthe: corrogion rate in: the Lonf1ned
_ reglons may ‘be 1ncreablng with tlme.g We don't’ know whether this is’ a Long}
'~trend or due to a short term change 1n env1ronmenLa1 condlLlon

_ﬁTestxProcedure-

 :1We had 1nstalled 4— x 6 1nch Mayarl R steel panels on. the weatherlng steel
'j)beamb of the Webtbound Serv1ce Brldge, in:a vert1cal poeltlon to. slmulate f
e{;the beam web -and- horlzontal top - and horlzontal—bottom to- parallel the’ beam G
'1?flanges. Asa comparLson,'speCImens were-also: located ‘on.the’ roof of a: nearby S
'7]bu11d1ng, free from road-spray, salts and:’ e011 Ina seuond test, sstarted - -
o latery plain carbon steel and ‘Mayari R: steel ‘were. placed at both sltes.:;;fﬁ_'f”-~
'-ifTable 1 showa the COmpOblthﬂ of the steele. A TEEAREEE Pl S

'jThere are 3 brldgeb at thls complex lnterchange two low level serv1ee brldges,'””
. westbound ‘and ‘eastbound, with a high-level ‘viaduct in: ‘between. Mayari R R
'”ﬁjstructural beame or. ‘plates support the bridges. -Réference’ 2 desurlbes and
.flllustratee by colored: photographs the: ‘Location: ‘and : Londxtlon of: Lhe'br1dges :
“and ‘specimens since our last Lnspeetlon. Spec1mens were: exposed ‘inia: relatlve-n
.1y -confined, ‘tunnel-like. area ‘above the southbound secLlon of the James Couzens
31Expressway** hav1ng a hlgh, concrete retalnlog Wall on one 51de and Lone'ete:'n'ef

”ﬁf* Amerlcan Assoc1atlon of State nghway and Traneportatlon Offlclals.
""]**The James Couzens Expressway Was: erroneously referred ‘Lo 1n prev1ous «corre

"-:spondenee as ‘the: John: Lodge Expressway.: The: two expressways are’ one LOﬂ B
“tintous’ hlghway but the- section away from: Detr01t'and beneath theﬁ :
_ﬂle known as’ the James Couzene*Expressway i SRR




ffabutments on the other. The sectlons above the northbound 1anes, however,

l'are relatlvely open (no solld wall) ‘and there is an ‘adjacent exit and. entrance %
framp that slows. down traffic and allows greater dlSSlpatlon of. road _spray.

tf';gThe serv1ce brldges have a clearance of about 14 1/2 feet above the expressway.[h]ﬁ'h"

Dlscusslon and Results

T:A comprehen31ve report (Reference 1) and a. paper (Reference 2) on our test
f@:of Mayar1 R steel ‘at. Detroit, Mlchlgan were written: ‘after the 4- ~year removal
nof spec1mens beneath the brldge ‘beams and an 1nspect10n of the brldges after

50172 years of serv1ce “These. reports 1nc1uded X*ray dlffractlon and chemlcal'_ff'f

'-aanalyses of ‘the" soil, and rust, as. ‘well as comparatlve studles of. corros1on
: *:rates on the: steel spec1mens and photographs of the ‘various. sectlons of the
*J;br1dges and of ‘the spec1mens._ ‘The.paper in ‘Reference 2 was’ sent to! each: AR
. of ‘the: state hlghway departments.v This 1 tﬂremoval of spec1mens andfln—""'
:.HSpectlon was" only to: determine ‘if. cond;_h'f inued to i
'ffashlon to: that of the 4~year removal”and 1nspectlonf'”-‘"'f““

31mllar

__'The corr051on performance of Mayarl R steel has not 31gn1f1cant1y changed B
“iosince our’ last removal of panels -and 1nspect10n of the br1dges {Reference. 3).

'ﬁxfThe maJor Proportlon of - the Mayar1 R steel on: ‘the bridges above the’ express—.ﬁn'f“:"

. way, as well:as ‘the 8~year corrosion. specrmens on ‘the bu1ld1ng roof, contlnued
3to exhlblt excellent performance, hav1ng a unlform, pleasrng,_protectlve rust
BN layer after 9 1/2 years of ‘service. However, there is 8till ‘heavy’ scallng
“-and ‘flaking rust, with contrnued accumulation of road’ d1rt and salts on the R
'_fMayarl R beams of the two underpasses of the serv1ce brldges above the south—f’
. bound ‘lanes of the. expressway, ‘and on “the 8—year corr031on spec1mens 1n one .
ﬁ;of the underpasses._ Apparently tunnel-like cond1tlons ‘in these areas 1ntensrfy
S the air blasts from the heavy trafflc flow ‘on ‘the expressway The turbulent
lVialr carries apprec1ab1e road spray, salts “and- dlrt to the weatherlng steel
;'beams and spec1mens 1n the underpasses The pos31b1e source of the salts
:and 3011 are llsted in Table 2 ' - : S N

-.-An analys1s of the 3011 (Table 3) accumulated durlng a. 4—year perlod on the ﬁ'ﬁxty”'

ﬂf'palnted corrosron rack’ ‘shows apprec1ab1e amounts of chlorldes and sulfates
,ftwhlch are known to accelerate corr051on_”f:stee1 i :

f[Elght—year corr051on spec1mens were removed from corr051on racks on the West—lm:m
jibound Serv1ce Brldge -and nearby Natlonal Guard Armory Roof: for 1nspectton,y~“
';determlnlng corrOS1on 1osaes and for chlorlde analyses of the lntermlngled S

~rust-and soil onithe: panels.: Flgure 1 illustrates the: appearance ‘of speclmensf_.

on palnted corr051on racks., As on’ the 4—year panels, the 8~year spec1mens S
“on "the brldge contlnue ‘to show flak1ng rust; a hlgh corr031on rate (average'
;of 1.23 mlls per year) with corrosion: 1ncrea51ng w1th time of exposure,ug

jg.fwhlle those on the Armory R00f have ‘a unlform, tlght protectlve rust layer,:;hf3a3~




”d;d%ﬁ”dﬂeife;qd”'

ca low corr031on rate (average of 0 28 m11 per year) w1Lh LorrOSLOn decreablng-'"
___w1th time of exposure,_cf Tables “4and ) and Flgures 2 ‘and 3, As expected,

.. the horizontal=top panels: on fhé bridge, when ther_-fn reatest accumulation
vﬁrfjof SOlldb, show the most corr051on._jﬂ'-; IR S :

".fﬁThe thckness of - aome of the undlsturbed 1nterm1ngled ruat 3011 l&yer on:"'”“
-d'}the 8—year brldge panels was, measured and.- analyzed for: thuride contenL SEREEE SN
dfThe rust- soll layer was from 55 Lo 65 mlls thlck about double ‘that’ on: the av_{:{Jf
'=h4—year bp601mens, whlch was 25 to 35 mlls thlck The surface underlylng :
_ the” . e : : i

__jjfof corrnblon.3 : anc
;3_'flanges ‘may. be beneflclal as ‘the corroalve agents ere removed w1th flaklng
“and: scallng of rust.: Unfortunately, the new surfacea are. qurckly Lontamlnatedr

ffagaln by road spray, saltb andfdlrt and depos ts are noL removed from_-' s
f.fand horlzon al surfaceb. AR . : i o '

'“-In a becond serles of tebts, we compared the performance of Mayerl R steel
" with® plaln carbon steel, locatlng panela “beneath the Westbound ‘Bridge as i
a,before and on the Armory Roof, There was little dlfference in ‘the Lorrosxon._d;f
" ‘resistance.of. ‘the steels on the bridge beams. SubJPLted to road: salts and =
“ U spray. (Table 6), and ‘both steels exhibited scaly rust.  As expected however, SRR
- there was a. s1gn1f1cant dlfference in the corrogsion behav1or of: Lhe_steels i
“on the roof free from- depoalts (Table 7 and Flgure 4). | brrOblon'of

:ffMayarl R steel decreabes with ‘time of - exposure and exhlblts a”flattenlng

" of the: corr051on—t1me curvesi, whereas plaln carbon steel coutlnue “ito ot
;'Corroslon ratee, based on the slopes of the 3— Lo 7-yea““ﬂ
”.corroslon —time. curves, are as. followa N

SRR u__;;:jcbffoéion‘Raie;fmiis”péfiyea:
Locatlon _fe--;fif;ﬂigﬂMayari*thl?;Plain,Carbdnff

.”fVertleal (web) :
_fHorlzontal (flange~bottom)
'ngorlzontal (flange— 'p)

. ,Average_im G

3}:Babed on ‘a comparlbon of 3~ ta 11 L
'average of 4 times the corroaldn r991stance of plaln carbon steel Moreover,:f:_.
“on the ‘basis of the curvatures ev1dent in. Figure 5 LWe expect the buperlorlLy7

5 of Mayarl R to 1ncreabe further w1th tlme. : S : :




 1.;5__

f;Thus, Mayar1 R is perfcrmlng well everywhere except at the tunnel l1ke abutmenL
~condition where corrosion is variable but -appears to have: lngreabed in amount'
.at 8 .years over that .at 4 years, The reason for .this. 1ncrease may be. due
to .a-long~ term 1ncreabe ‘in corrosion rate as a result of ‘increasing: aLLUmulHLLOHZ: i

~of corrodants or to ‘a short—term varlatlon 1n rate ‘due to variations 1n env1r0n~ jf'""
mental condltlons. Further testlng 1s neceasary to resolve thlb. '

JCZ dJJ
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TABLE 1

.COMPOSITION OF MAYART R AND PLAIN CARBON STEELS

(Percent by Welght)

jo :-

. Mayari R (Test No. 1) .09

. Mayari R (Test No. 2) .~ .09 .

o ;fPlain Carb0n_(Test.No.,Z) _.l3

.73
78

LT

o077,
080

011

i

1,030
029

1019

o
36

240
L340 ¢

:fjjS;

;,TZ_Tf;




o TABLE 2

POSSIBLE SOURCES OF ROAD DIRT SALTS AND SOIL

sl;f:Truck 1ad1ngs (bulk cement, élég;gsand,'liﬁéstone;fg:avél_aud;euacuated-
: _5011) LT T R ey SRR I TR

'qualiufﬁjfrqm ?asseugér.cérs and tfucks.';f5u_'” -

'uk3-'uErOSibﬁqu_uonuféte highwaylby;normaliwearpand'ffom studded-ﬁires,-”'

"5.}4L:fW1ndblown 5011 from turbulent movement of trafflc and from natural f
"1-cond1t10ns : - . - R S

"5, :Winféfﬂdeicing salts;'

- '6;_.Conver51on of lime dust by sulfur d10x1de and’ carbon d10x1de 1n the._
“"Z-atmosphere and. from trafflc fumes to sulfates and carbonates.

"TilﬁkfdﬁiPQEFY?Q%WFiiﬁﬁﬁ EW EE i&§§ﬁf
| MICHIGAM DEPT, STATE HIGH V»A‘;SC;
TRANSFORTATION LANSENC—: MICH




| '13_ _' - TABLE 3

: 7::";..':_"3_'5_':._;:'.:'r:'k'-'_ANALYSIS OF sou ON 4-YEAR CORROSION RACK

X Ray D;ffraCtIDﬂ AnalyS!S

N\ajor Constltuents Nlmor Constn‘uents

. :“'-fgypsum CaSO4 2H20 - _}-ﬁj?_{:'___;(:alcsie Cac:o3
_  .:':_.";".-_."_.:_'_-_ZSIIICB S!OZ "._-_._-_-_':_l-____'.'r_‘.'_;Calc:um ChIoride CaClz
| 'i’_:_‘_':ﬁf'-__f.f:-_f__}_'_-dolomrte CaN\g(CO3)2 """ .:'_'7;3":;._-;1ron OXIde (e{FeOOH)

'*f.f'salt "_:NaCI Lo e

o Chemtcal Anaiys:s (Percen’t by Wezght)

 '7 :';""Alummum Sodrum Calcmm Ch!onde Sulfate 5'_"?‘?3

I ron

22 - a9 24 61 18 278'.':2

30

L .;__'_":'f";-lon Mrcroprobe Analys:s (White Depos:t Beneath Scale)-?.-..
i :'-':"Major amounis of sodlum chloride and calczum carbonate




TABLE 4

WEATHERING OF MAYARI R STEEL SPECIMENS ‘ON THE
NATIONAL GUARD ARMORY ROOF, DETROIT MICHIGAN

(Test No, 1)

o leﬁef-:All spec1mens were exposed on the Northland Towers roof for 1~ 1/2
' - 'f-years before removal to the armory roof for remalnder of exposure

- Position .

-3§-fvéf¢ical_(wgb):;

Average

”"Eﬂﬂorlzontal (Flange—Bottom)_ei'.:.

Average

:;}Horlzontal (Flange—Top)

Average

. Overall Average

R Weatherlng Loss, mils

:70;50 Year

1 00 Year 2 00 Years “4.00 Years

[ T o B o)
[« SR R g

o
Sy
b2

'fo 72 o 1.18 ".-'f;_1.36

C0.77 o Li22 e
CO0.83 L3 a7

0,85 o L.50C e
0.76. - ~1.33 - TB70

11200 2,02 0 e

Sl.23 0 2,120 0 02,520
1.26 02022 0k

T T3 T

1.02 - 1.55 - 1.64 -

1.03 . 1.59 C1.76
1.13 1.65 . 2.16
1.22 1.94 o

1.10 1.68 - . " 1.85

1.01 1.6 1.84 .

;8;173Years:i .

e

pa

SR NSNS L
- - - K9 e
=R PO RN A

# o

b
[t
W

»* In each case; one specimen was retained to show the surface appearance: - =: -~




WEATHERING OF MAYARI R STEEL SPECIMENS BENEATH THE -
WESTBOUND SERVICE BRIDGE, DETROIT, MICHIGAN

P051t10n

: QVertlcal (Web)

'..PAvétégé:;ﬁf_?

ﬁf'fdeiZbﬁfal;(Fidngé—Bqttbm)_i

":fﬁﬁerage

~ Horizontal (Flange-Top)

"Average

'_Oyerall Average

:'WeAthering.

Loss, mils

- 0,50 Year 1.00 Year

Years 3.90 Years

8.04 Years _'.

[ o R . Bl
o W
L~ h

o zq
=

B
Sk

(=]
o]
[FL IR LR ]
o O
O W

=~
(=
™
(=
=

[y
o
%]

] B P W
(SLIRVLIRY, |

! ot
i o0
[l i
G Mrers o g
_ Sl i e R Rt B ol v

Cl0.07
6.6
10,64

 ; §:IT3{Lr

C7.28 0
oAtz

g3

-:;511:85_.:_33__r;3:1

; ._7.:10..162 o
S 11095

ATET

987

© "% In each case, one specimen was retained to show the surface .appearance.




TABLE 6

; WEATHERING OF MAYARI R AND PLAIN CARBON STEELS BENEATH
' THE WESTBOUND SERVICE BRIDGE, DETROIT MICHIGAN o
(Test No 2)

"'Weéthefing Losé,:miié
B S AT Mayari R Steel . - - Plain Carbon Steel -
o vPositiom 1o 2.92 Years: 7;00 Years .2.92 Years -7.00 Years_;fV

,véfﬁiégigﬂWéb)_“,ﬁ' .jf';:*‘:l 2. 04. §1; 4,58 3,01 . =-6
S T g 04 77,080 3,010 8,8

mm
b O

Average    25732';_'ff]y3T_— ' et

T

o0
L L]
W
=]
—
o

o

(TSR D
00 W
e
©

f¥ Hor1z0nta1 (Flange-Bottom)j-

Co i

|
|

M D

2.
2

]

¥l
=
CO
N
o
(e
oL
o
Aol
o
(o]

Average I

)
bl

f? _3Hor1z0ntal (Flange TUP)

v o

s
N~ A
D

£

O N
..$;_  “‘
dm o

>

=~

o

[

™

(=

[

el

n

o

(S
R =1 N HEN - RN .
v =] [ NS
31

Lo

i'- Average

 0véré11 Average: - 2.35_'   ' f7;88_:f f_u;}JBD_': 7.ﬁ 3;53 fi:;; ‘ .:




TABLE 7

WhATHERING OF MAYARI R,AND PLAIN CARBON STEELS ON
THE NATIONAL GUARD ARMORY - ROOF DETROIT MICHIGAN
(Test No 2) o

"-Weathefiﬁg.Ldéé;'ﬁiis

'Mayari'R'Steel G “Plain Carbon Steel . . .

urm
P

WP
CJ‘\O.

1 l
1 1

-P"-l'-“'
MN_

. ‘Vertical (Web) 1.
S

|_|
ot
N
i
et
—
o
9%

U Avabage o

'urqﬂ'ﬂ
(I T
o

O R

MR
[ -0

E o= ]
S
S

" Horizontal (Flange-Bottom)

(&
<o
(=
fatel
-~
o
%]
=
gy

. Average : - 2.

[
e
s

'Aﬁ_ H0rizQﬁt§1ﬁ(F1éﬁgé;mop) Tj_‘-'.'.

afo

|
|

- Average . 1.

s,
]
Lo 2

N2
=)
[
e
I~

.t0ve;a11:Avefagé. . :' 1:71_.  .__ 3,15  .  TTi2;47 e

TRANSE’QRTA mN L%ERA =
MICHIGAN DEPT. STATE HIGHWAE??& g
TRANSPORTAT:ON LANSING M!CH

:":-Pdsition._"-"-:_'_'_-_;j '2.97‘Years 7 11 Years 2L97 Yeafsfg7.113Yeafsfi,”'ﬂ




FIGURE 1. (Test No. 1)
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Horlzontal (Flange BotLom) : '? 4‘f_fj

o ‘Horizontal (Flange Top) .
AN Vertical (WEb) '

D L 5f55.4f3fﬂ f l 5:T f  6. S
'ﬂj”ff_-;fﬁfﬂ'}J f";. Exposure Time, years _
“f?i,sELGURE-2;_]jWEATHER1NG-TIME CURVES OF MAYARI R STEEL SPECIMENS _[]

R SR | ON THE BUILDING “ROOF. TN DEJ RQIT MI T
BNy (Test Nouzl)




Weathering

Exposure Time, years' Cen

o 7_F1_GU_RE". 3. WEA‘IHERING—TIMZE CURVES OF MAYARI R STEEL SPECIMENS BENEATH THE
: Sl ' WESTBOUND SERVICE BRIDGE DETRO:[T MI : :
: : (Test No. 1) ; w




Chloride |
IR 1%5':" '

. Accumulation,

 mé/iﬁ9?5. ;

3 ._ . Exposure Time, years ~— = . -0 R

FIGURE 4. CHLORIDE ACCUMULATION ON STEEL PANELS *BENEAT_H_ S
. THE WESTBOUND SERVICE RRIDGE, DETROIT, MI = ' -
T (Test o 1y




Legénd

O ® Vertical (Web) -
' O® Horizontal (Flamge Bottom)

o _'7?5_ .&_-_-Ho'_r.izféntal_. (Flange --'_-1?0_15). - i

Weatherimg - | = ... oo

[

._ 4._.

EXPOSure Time, years

(rest No. 2)

WEATHERINGwTIME CURVES OF MAYARI R AND PLAIN CARBON SlEEL SPECIMENS
0N THE BUILDING ROOF- IN DFTROIT MI R




