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The study on corrosion of the inner area of closed box-girder
for unpainted weathering steel bridges
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Abstract Weather proof steels are used for steel bridges due to its high corrosion resistance under atmospheric
conditions. However, instead of forming stabilized rust layers, general rust occurs on weather proof steels under high
humidity condition close to seawater or shady places. In Japan, therefore, they perform rust stabilization treatment
instead of unpainted treatment due to severe atmospheric conditions. However, most of domestic weather proof steels
were constructed unpainted in the form of closed box-girder, which makes the periodical repetition of dry and wet
hard to occur. For the steel bridges constructed on the Han river, the evaporation of water, dew condensation due
to temperature change, and stagnant water due to rain affect harmfully on the formation of passive film on weather
proof steels. Thus, in this research, in order to analyze corrosion properties inside the closed box-girder for the
unpainted weather proof steel bridge in the waterworks safety zone, multiple ways of analysis such as observation
with eyes, cellophane-tape test, steel thickness measurement, surface corrosion potential measurement, electron
microscope analysis, and X-ray diffraction analysis of the rust were performed. As a result, unstable rust layer was
observed inside the closed box-girder, and severe corrosion was observed on the top and bottom of the flanges due
to the effects of stagnant water caused by rain, dew condensation, and de-icing materials.
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Leak through upper layer cracks
(Upper Box Girder. stagnant water

*— Upper Layer

Dew condensation
Condensed dew

Schemetic of closed box girder

[~ assembled

* Corrosion occured where dew condensed and where assembled

Fig. 1.
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Table 1. The evaluation of the rust color
Grade Color
3 Dark Brown
2 Brown ~ Dark Brown
1 Red ~ Brown ‘
0 Yellow ~ Red
Table 2. The evaluation of the rust density. 2.3 HAY R S 58
vl AR o] VA ] FA old T i
fnde Disrbuton of he AwE 2] sl waA Ut 4, SRR 5
3 Overall distribution is dense and fine. o] == ;‘(17]/:1 Tl T =472 0]—%—5]-01] HA
2| e lumps of the vt st i | ST
1 Lumps and thin rust exist together. _ _
0 Distribution is sloppy. 2.4 2H T AH
Fo] Ao 9l WA EHe] fAsk A9
22 MZEE|O|T HalAlS & Wslel, ool HY A9 @S Sl 749 214
& ol Sl Sig g sl s g g 017 EE A, A A 5] e
Wos %24 mmel AnBeel L olgale] el o - L A ?Eﬂf A
ol ot 4l B 54 2], ¢ % o px 0 TR N A e e s ;;i?‘fi;
Yol e ebgine] B9 ol Tavle 334 go] g £ U] A A W AU 4, WSk 28
Moz =a9rhel S W7k 5 Qlnh webA o] & -gste] Bk Wi
o 2%, s 0 Sae] EW ANRS SAsH] 9
Table 3. The evaluation by the cellophane tape test. A ews il"a—ble 42| ASTM C 876-91A1 384l Fig
Grade Distribution of the rust 25 Aol AHSSATHI0]
Table 4. Risk of corrosion by half-cell mapping
measurements(ASTM C 876-91)
3

.-_24;:|m ey

(Cu/CuSO4 half-cell) Possibility of corrosion

2200 mV low( 10 %)

-200 mV ~ -350 mV uncertain

2393

350 mV high( 90 %)
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Table 6. The evaluation results of the box girder(Inner)

Check
List

Area

density
grade

color
grade

celloph.
tape
test

General
Evaluation

Site

Evaluati
on of
the box
girder
(inner)

Upper

1

1

1

unstable, red

2

2

2

unstable,
red-brown

unstable,
red-brown

Bottom

unstable,
red-brown

unstable,
red-brown

unstable,
red-brown

Right

unstable,
red-brown

unstable,
red-brown

Stable,
black-brwon

Left

unstable,
red-brown

Stable,
red-brwon

Stable,
black-brwon

37th
Span
G2

Fig. 3. Box girder (36th span, left)

Fig. 4. Box girder (36th span, bottom)

Fig. 5. Box girder (36th span, upper)

Fig. 6. Box girder (37th span, upper)

Fig. 7. Box girder (37th span, left)

Fig. 8. Box girder (37th span, bottom)
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Table 7. The results of actual thickness of the box
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Table 8. The results of electric potential test of the box

girder(Inner)
Electrical Potential
Site Area Possibility of corrosion
(mV) i
-370 High
Upper -285 uncertain
-360 High
-360 High
36th Bottom -368 High'
-312 uncertain
Span -
& -261 uncertain
Right -259 uncertain
-310 uncertain
-285 uncertain
Left -360 High
-285 uncertain
-385 High
Upper -299 uncertain
-325 uncertain
-375 High
37t Bottom -332 uncertain
i -285 uncertain
Span -
& -320 uncertain
Right -265 uncertain
-250 uncertain
-274 uncertain
Left -242 uncertain
-310 uncertain
3.5 HAtOD|E Al & XRD 24
AgelA] APl H3o] HE FAPATES
o} BobY =30 FA4E FHE YT A 2= Fol
sl B ARE WEA Qo7 F BU AEE
AF ANATEAN 96 At AxF F, W T
+ Fig. 11~14¢} Zo] HAAWA 45 A8 S
AxAn| Aol o gk n Az B4 Fig. 11614 Y]
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FAsta ilen, Fig. 129 Bk =o] FAE F9
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Fe0,2 7450 9lol, FAEL Fe, ORF &+ 3o Fig. 12. SEM Images from unstable rust area
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mass

Chemical
emical v
C 9.17
O 66.22
Fe 24.61
mass
Chemical
emical v
C 9.90
(6] 59.70
Fe 30.40

S00um " Eteckon image 1

Fig. 13. EDS analysis from stable rust area

mass

Chemical %
C 8.91
o 61.89
Fe 29.20
mass
Chemical
emical o
C 8.51
o 65.95
Fe 25.55

S00um

Electon image 1

Fig. 14. EDS analysis from unstable rust area
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Fig. 15. XRD Analysis from stable rust area
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Fig. 16. XRD Analysis from unstable rust area
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