521

EVALUATION OF TENSILE STRENGTH DETERIORATION OF STEEL
BRIDGE PLATES DUE TO CORROSION

Ohga M", Appuhamy J.M.R.5 Kaita T, Fujii K*and Dissanayake P.B'R

'Department of Civil & Environmental Engineering,ifle University, Japan
“Department of Civil Engineering & Architecture, Tigkama College of Technology, Japan
3Department of Social & Environmental Engineeringroshima University, Japan

“Department of Civil Engineering, University of Peéeaiya, Sri Lanka
Abstract

Over the past decades there have been many daageles of older steel bridge structures due tooston around
the world. Even though there are some published methods ésafise strength reduction due to corrosion ofgesdit
is hard to find any with lesser number of measunagables which eventually accounts for the accyrand the
convenience of the investigation for adequate lericianagement. So, in this study, a simple methadlofilating the
remaining yield and tensile strength by using aceph of representative effective thicknessg) (ith correlation of
initial thickness () and standard deviation of thicknesg)(is proposed, based on the results of many tensiigon

tests of corroded plates obtained from a stee¢gatler used for about 100 years with severe s@mmno

Keywords: Corrosion, Effective thickness, Remaining stren§tandard deviation of thickness

1. Introduction

Corrosion is a serious threat which affects the lmmm function and the integrity of a steel bridggposure

of a steel structure to the natural environmenheuit or inadequate protection will cause corrosibthe
structure, leading to impairment of its operatiamd aveakening of the structure. Since corrosion will
deteriorate the performance of steel structuref vithe, careful evaluation of the feasibility fourcent
usage and strengthening the existing structureetrgfitting some selected corroded members arengake
Therefore, understanding of the influence of damdge to corrosion on the remaining load-carrying
capacities is of high concern among the bridge taaance engineerat present.

The results of this deterioration generally ranganf progressive weakening of a steel structure aveng
time, to rapid structural failure. Though it's a intanance issue, it can be addressed appropribiely
specification of a proper corrosion system in thsign phase. It has been proved that the corrgdéyed a
significant role in the catastrophic collapse oftbthe Silver Bridge (Point Pleasant, WV) in 196i dhe
Mianus River Bridge (Connecticut) in 1983, USA @tdridge Design Handbook). Those collapses
indicated the paramount importance of attentiorth® condition of older bridges, leading to inteieslf
inspection protocols and numerous eventual resrafitreplacements. Therefore corrosion is not suneigo

be taken lightly either in design phase or in nenance stage.

To assure adequate safety and determine the ongoimigtenance requirements, thorough regular
inspections are required. These inspections sHoua the essential source of information for cargybut a
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comprehensive evaluation of its current capacitye Bccurate estimation of remaining strength oflste
members will give the necessary information on tdighing the performance recovery methods and
necessary retrofitting techniques or replacemehtewvere corroded members. Therefore, establishofent
more accurate remaining strength estimation metitbdbe the core part in all maintenance tasks.

Several experimental studies were carried out dutie past few years, to investigate the remaistrength

of corroded tensile plates. Namely, Matsumetal. (1989) investigated the tensile strength, usimgite
coupons with corrosion. They predict the remainamgile strength of corroded plates, using mininuatae

of average thicknessgit of the cross section perpendicular to the loadixig as a representative thickness.
Further, Muranakeet al. (1998) and Kariyaet al. (2003) proposed different representative thickness
parameters with a correlation of average thickifggy and standard deviation of thickness)( to estimate
the tensile strength of corroded members based amy rtensile tests. Thus, it is very clear that, ynan
researchers usually use representative thicknessdban several statistical parameters to estintae t
remaining strength.

It is known that the corrosion wastage and stresgentration caused by the surface irregularityhef

corroded steel plates influence the remaining gtreof corroded steel plates (Kariya, 2005). Thenefthe

evaluation of the effect of different forms of amsion to the remaining strength capacities of @gst
structures is a vital task for maintenance managewofesteel highway and railway infrastructures.

2. Objective

It was noticed that many corrosion pits of morentt8mm diameters exist in actual severe corroded
members. But, the widths of above mentioned testisgens are very small (less than 30mm). So, the
influence of such corroded conditions could havenbderelict and hence their actual remaining streng
might be different than those were obtained frooséhexperimental studies. Therefore, in order aoifgl

the effect of corrosion conditions on remainingsgth, it is an essential task to conduct somerarpatal
studies with steel members close to the actualdfizike steel members. For this purpose, tenssies twere
conducted on 26 specimens with 70-180 mm widthdiffdrent corrosion conditions in this researchdgtu

A simple and more accurate method to predict tfeiraining yield and tensile strength capacitie$ e
correlation of initial thicknessdjt and standard deviation of thickness)(is presented and compared with
the other available remaining strength estimati@thwds in this paper.

3. Corroded Test Specimens
3.1. Test Specimen Configuration

The test specimens were cut out from a steel goflémnanai River in Kochi Prefecture on the sharelof

the Pacific Ocean, which had been used for abontlifed years. This bridge was constructed as aagilw
bridge in 1900, and in 1975 changed to a pedestrni@ye, when the reinforced concrete slab was @ast
main girders. The bridge was dismantled due toossericorrosion damage in year 2001. Many severe
corrosion damages distributed all over the girdspecially, large corrosion pits or locally-corrddeortions
were observed on upper flanges and its cover platesn, 21 (F1~F21) and 5 (W1~W5) test specimens
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were cut out from the cover plate on upper flanyg \@eb plate respectively.

Before conducting the thickness measurementsyst over both surfaces were removed carefullysirygu
the electric wire brushes and punches. Then, two S&I490A plates (t=16mm) were jointed to both sides
of specimen by the butt full penetration welding fwip parts to loading machine, as shown in Figlire
Here, the flange and web specimens have the widiigged from 70-80mm and 170-180mm respectively.
The test specimen configuration is shown in Fidure

Corroded Test Specimen

Corroded Test Specimen T l
|
SM490A 70-8:0mmv SM490A SM490A 170-180mm SM490A
Y i i
Welding/ > B
\ 300mm 1 200-250mn*r—l—— 300mm—4 Welding
1 300mm ! 380-400mm 1 300mm i

Figurel: Dimensions of test specime
3.2. Corrosion Surface M easur ement

Accuracy and easiness are highly demanded in thasumement of corrosion surface irregularities.
Furthermore, portability, good operability and ligbss would be also imperative for choosing of a
measurement device for on-site measurements. Terethe portable 3-dimentional scanning system,
which can measure the 3-dimentional coordinate eslat any arbitrary point on the corrosion surface
directly and continuously, was used for the measard of surface irregularities of the test specisnéiere,
the thickness of the corroded surface can be @buikeasily from those measured coordinates.

The measuring device has three arms and six rotdtjoints, and can measure the coordinates ofrd po
steel surface by using the non-contact scanningep(laser line probe). So, the thicknesses ofcaditshed
specimens were measured by using this 3D lasenisgpdevice and
the coordinate data was obtained in a grid of 0.5marvals in both X
and Y directions. Then, the remaining thicknesskeallogrid points
were calculated by using the difference of the dimatte values of both
sides of those corroded specimens. Then, the titatighickness
parameters such as average thickngsg, (minimum thickness (),
standard deviation of thicknessyJ and coefficient of variability (CV)
were calculated from the measurement results.

4. TenslleTest of Corroded Specimens

4.1. Experimental Setup and L oading Conditions

All the flange and web specimens were prepareth®mitensile loading

Figure 2: Specimen prepaired tests. There, different numbers of strain gauge® \aétached to each
for the tensile test  specimen considering their corrosion conditions.e Gexample of

prepared corroded specimen with strain gaugesoisrsin Figure 2. There, more attention was paidbaiin
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the minimum section and local portions with sericogrosion damage for attaching the strain gagiied.

the intervals of strain gauges were decided byideriag the surface condition.

Tensile loading tests were carried out at constaluicity under loading control by using a hydraddiading
test machine (maximum load: 2940KN) for all 26 $pwms with different corrosion conditions. The loay
velocity was set to 200N/sec for minor corrodedcapens and 150N/sec for moderate and severe catrode
specimens.

4.2. Classification of Corrosion Sates
It is necessary to categorize the different comosgionditions which can be seen in actual steatstres,
into few general types for better understandinthefr remaining strength capacities consideringy tvisual
distinctiveness, amount of corrosion and their eigk mechanical and ultimate behaviors. The Figure
shows the relationship between the nominal ultirs&riess ratiod,/op) and the minimum thickness ratip){
where oy, is the nominal ultimate stress ang is the ultimate stress of corrosion-free platerd{dhe
minimum thickness ratiquj is defined as:
Tmin

LL_to

There, the initial thicknessoftof the flange specimens and web specimens afemb®.and 10.0 mm

1)

respectively. Therefore, three different types afrasion levels were identified according to theswerity of
corrosion and they are classified accordingly devic:

u>0.75 ; Minor Corrosion
0.75>u>0.5 ; Moderate Corrosion
nu<0.5 ; Severe Corrosion
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Figure 3 Relationship of ultimate stress ratio &mium thickness ratiquj

Further, the Figure 4 shows three tensile testispets with above three classified corrosion typesninor

corrosion type, it can be seen that many smallosawn pits were spread on all over the plate sarfaw an

example of this corrosion type (F-14) is shown igufe 4(a). When the corrosion is more progrestes,

moderate corrosion type can be seen where fewdmnadile corroded pits exist in some places. An @kam

of this corosion type (F-13) is shown in Figure y4@®urther, as the corrosion is more progressed tha

moderate corrosion condition, severe corrosion tyae be seen with several extensive corroded region

Figure

350

corrosion (F-19)

Load (kN)

300V
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Figure 5: Load-displacement curves

4: Plates with (a) minor corrosion (F-14)) (moderate corrorion (E3) and (c) seve

(maximum corrosion depth over 5mm and the
diameter of the corroded pits are exceeding 25mm)
on the member. One example of severe corrosion

type (F-19) is shown in Figure 4(c).

4.3. Experimental Results and Discussion

Figure 5 shows the Load-elongation curves for three
different corroded specimens (F-14, F-13 and F-19)
with 3 corrosion types. Herein, the specimen (F-14)
60 with minor corrosion has almost same mechanical
properties (such as apparent yield strength and
load-elongation behavior etc.) as the corrosioe-fre

specimen. On the other hand, the moderate corrededimen (F-13) and the severe corroded specimen

(F-19) show obscure yield strength and the elongatif the specimen F-19 decreases notably. Themeas

for this is believed to be that the local sectidthva small cross-sectional area yields at an dadg stage
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because of the stress concentration due to irrdgutsEf corroded steel plate. And this will lead devate
and severe corroded members to elongate locallyeawh to the breaking point.

5. Remaining Strength Estimation

The two basic definitions can be expressed foegperimentally predicted parameters for the yidldotive
thickness ¢ ,) and the tensile effective thicknessftas follows:

“r={a%)
5 @

(P
="~ Bow )

Where, F: yield load, B: tensile load, B: width of the specimen for theroded state and, andcy, are yield

and tensile stress of corrosion-free plate respelgti But the above defined effective thicknessapaaters
cannot be obtained for the in-service structuresaSneasurable statistical parameter with a higretation
with the effective thickness parameter will be esiséfor remaining strength estimation of thoseictures.

Therefore, the correlations between the effectivekhess @) and many measureable statistical parameters

were examined (such as minimum thicknggs &verage thicknesg,4 minimum average thicknesggt min
and standard deviation of thicknesg etc.) and two relationships were defined for remainingld/iand
ultimate strength estimations of corroded stedkgla

5.1. Estimation of Yield and Tensile Strengths

The correlation between the yield and tensile d@ffecthickness and measureble statistical thickness

parameters were examined and the best relationghéps found with the standard deviation of thiclsmes

The Figure 6(a) and Figure 6(b) show the two linedationships obtained for yiled and tensile stres

conditions.
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g * < >
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Figure 6: Relationship of (a) yield stress ratlw), fensile stress ratio and normalizgdndard deviation
thickness ¢s{to)

So, considering the relationships shown in Figyrevé equtionss for representative effective theds (&)
for yield and tensile states can be obtained asritbes below.
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From Figure 6(a),

[Gy“j =1- 2.68[ﬁj
Oy to

teff = t() - 2.7Gst

In same way from Figure 6(b),
teff = t0' 3-3('5st

(4)

(5)

Further, the Figure 7 shows the relationship betwdifferent statistical thickness parameters withsile

effective thickness. It was found that the tensiieength estimation using minimum thickness,)twill

provide considerably underestimated results as shiowrigure 7(a). On the other hand, Figure 7(lgvwsh

that the average thicknesgdit tends to become larger than effective thicknassthe influence of stress

concentration due to corrosion will not be ablectmsider carefully. Figure 7(c) shows that the miunin

average thickness.{§ miy also gives larger values than the effective théds and hense, the strength

estimation using onlyafy or tyg min Will Overestimate the remaining tensile strengthis will lead the

structure in danger on decissision taken regadmgnaintenace management plan. But, as it can dre se

from Figure 7(d), the proposed effective thiknesgeg more accurate and better remaining strengths

estimation.
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5.2. Comparison of Proposed Effective Thickness

Table 1: Comparison of correlation coefficients iffedlent effective thickness prediction methods

Method Matsumoto | Muranaka Kariya Proposed,
et al. 1989 et al. 1998 et al. 2003 test
i _ Yield: to — 2.6
Equation of thickness tsa tavg— 0.6t tavg— 1.3t Tensile: § — 3.3
Correlation Yield - - _ 0.92
Coefficient Tensile 0.70 0.14 0.75 0.96

The Table 1 shows that the proposed effective tiisk parameter gives more reliable and better gtieali

than other available methods for estimating remaiyield and tensile strengths.

6. Conclusions

The steel surface measurements and tensile tesés agaducted on many wide specimens with different
corrosion conditions, which are obtained from aeplgirder which had been used for about 100 yedis w
severe corrosion. The main conclusions of thisystath be summarized as:

(1) The corrosion causes strength reduction of stegépland minimum thickness ratj9 can be used
as a measure of the level of corrosion and thei&ngth degradationThree basic corrosion
categories can be defined according to their sgvefi corrosion as, minor corrosiop & 0.75),
moderate corrosion (0.Z5u > 0.5) and severe corrosiop € 0.5).

(2) Remaining yield strength of corroded steel platas be estimated by using the representative
effective thickness defined ag; 1 to- 2. 70 With high accuracy.

(3) The remaining tensile strength estimation can beediy using the representative effective thickness
defined as:ék = ty- 3.305 With high accuracy.
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