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Discussion on Chloride Threshold Vaue for the Initiation of Steel Corrosion based on
the Investigation of RC of Seven Existing Dolphins at the Age of around 30 years

By
Takahiko AMINO , Nobuaki OTSUKI , Tsuyoshi SAITO  and Takashi HABUCHI

This paper aims to discuss the chloride threshold value for the initiation of steel corrosion and the influence of chloride
content at the rebar on corrosion progress in marine RC structures. The site investigation of reinforced concrete of seven existing
dolphins was conducted in order to examine the influence of cover thickness and chloride content at the rebar on chloride induced
corrosion. These dolphins were constructed in Tokyo bay and have been in service for around 30 years. In addition, the laboratory
test was carried out by using reinforced concrete specimens with various chloride content and cover thickness in order to prove the
results obtained from the site investigation. As the results, the chloride threshold value for the initiation of steel corrosion has been
ranged within 2.0 and 2.4 kg/m®. Moreover the speed of corrosion progress of rebars has been increased rapidly when chloride
content at the rebar exceeded around 4.Okg/m3. Also, no serious corrosion of rebars with cover thickness over 70mm has been
confirmed in around 30 years old concrete of dolphins.

Key words: Chloride attack, Dolphins, Chloride threshold value, Corrosion rate, Cover thickness
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Table1l Outline of Investigated Dolphins

Distance from H.W.L Diameter of
Const- | Elapsed years at to the Investigated Rebar ) . .
: ) . - Employed Materials & Mix Proportion
Name ruc;(r)n Int\r;;; maiigg Points(m) B(;)tttom g"?e of Concrete of Dolphins
y g Bottom Side Lter Lter

Inner Inner

IR R
- Water-Cement Ratio was 50%.
B 1971 33 0.0 +0.50 ng Big Ordinary Portland Cement was used.
+§-5t0 = Unit Weight kg/m®
o -
c | 17 35 05 | i vesigaed | D22 Water | Cement | FIN | CONSE | admixture
W C gg. gg. Ad

D22 D22 S G

D 1972 36 0.0 0.3 D22 D19
170 340 835 998 0.03%x C
Not D19
E 1972 36 3.0 . ;
investigated D19 . L N
Not D19 Air Entraining Agent (Noninonic
F 1972 36 30 . . Polyoxyethylene and Specialized Anion
investigated D19 Activator)

D25 D25

G 1982 26 1.0 14 D25 D16

Sted grade of all rebarsis SD295 according to JIS G 3112.

Table2 Itemsof Site Investigation

Contents

Items

Methods

Surveys by Chipping Concrete

Area Reduction Ratio of Rebar,

Cover Thickness

Measurement by Slide Gauge

Chloride Content in Concrete
at the Rebar

Total Chloride Content in Concrete

Sampling Cores ¢ 50mm  JCI-SC4Y

Corrosion Rate of Rebar

Polarization Resistance

AC Impedance by Double-Counter Electrode Sensor

Moisturein Concrete

Moaisture

Sampling Cores ¢ 100mm  JCI-DD5?

70 100mm
22
7 43
2 Table 2
221
@
A =(A - A) A, x100 @
Aved % A
mm? A,

mm?

Table3 Criterion for judging the Degree of Corrosion
according to CEB®

Measured Jud tsf Polarization
Corrosion Rate CL(j)rrgor;%SR;)tre Resistance
(U Alcm?) kQ cmd)
Lessthan Passivation More than
0.1-0.2 (No Corrosion) 130 - 260
Corrosion Rate with
02-05 Low or Moderate Speed 52-130
Corrosion Rate with
05-10 Moderate or High Speed 26-52
Corrosion Rate with
Morethan 1.0 High Speed Less than 26
&
222
223 (0]
50mmx L150mm 2cm
JCI-SC4
5)
224
2 Table 3
CEB

6)
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by the interference of the Steel Plate s
Fig.2 Corrosion State of Rebar around the Steel Pipe Piles
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Cover Thickness (mm)

Fig.l1 Relation between Cover Thickness

Jegay 8y} 1e a0 apLojyD

and Area Reduction Ratio of Rebar

6.0

)

o =0.026(V)/ R,

Ry

p Alcm?

lCOTI’

cm?

225

JCI-DD5

¢ 100mmx L100mm

©)

H =W -W,)/(W, -W,)x100

200

150
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50

®

Cover Thickness (mm)
Fig.3 Relation between Cover Thickness

%

and Chloride Content a the Rebar
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Fig.2

Fig.1
Fig.3

Fig.5
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Fig.5

Table3
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Fig.1
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O Elapsed years : 33 to 36

g [ o Eapsed years : 26 i, 1 ,i, ,:(Q) L " [2.0kg/m®| o Elapsed years : 26 !
FS T — o —~ 1.2 ! : : i — Corrosion Rate
g 100 |— O represent the ——— T e | | | | O represent the | with high speed
x [ -+ dataof remarkable |----r-r-q------r-] G 1 : : : | data of remarkable ||
6 8.0 |- corroded rebars e — < 0 ! } } . corroded rebars | .
e | _ 1 respectively. [ R B S AR = | | | | respectively | qurOSIon Rate
8 ol P e T 8O T T T | T g vith moderate
. [ [ O (R | | | | | | | | high d
N R N Ll e e e s |
S 40 T T T I D g4 | | | i | | i Corrosion Rate
3 T A E et i Rttt B e e - } } Y | | | } } with low or moderate
* 20 [ T T o S 0.2 Op=sPiria- 18 ——= speed
B e i e i s it A @ ° o[o] | (@] ressaton
0 2 4 6 8 00 10 20 30 40 50 60 70 8.0
Chloride Content at the Rebar (kg/m°) Chloride Content at the Rebar (kg/m®)
Fig.4 Relation between Chloride Content at the Rebar Fig.5 Relation between Chloride Content at the Rebar
and Area Reduction Ratio of Rebar and Corrosion Rate
235 312
Table5
55% D16 d=2 5
80 7cm 20
80% @ 10x 20cm
8)
70%
313 1
75 90%
JCI-SC1
Fig.4 9
2.0 50kgm’ 4
W, -W
| =—0 "~ (4)
3 Axt
31 | mg/cm?/ Wo
2 mg W
mg A cm®  t
311 Fig.6 TWY/%e to_)fsc(;ement N Deameter of Rebar(D16)
. — 0
10cm 3 Chloride Content Casting Direction
0.0 1.0 2.4 4.8 7.2kg/m® [
Table 4 Table 5 1 / / /
15cm
Table4 Mix Proportion of Concrete )
Typeof | WIC Unit Weight (kg/m?) Cover Th'cknessr |
Cement () w C S G Ad 2 5 7cm
N 55 | 164 | 294 | 792 | 1061 | 294 L—loﬁm—]% 20cm
N :Ordinary Portland Cement, Specific Gravity 3.16g/cm® . - cm "
Aq: Water Reducer with Air-Entraining Fig.6 Outline of Concrete Specimens
Table5 Examination Cases
Case wiC Diameter Tri: gll/r?r oss Exposure Chloride Content in Number of Concrete | Number
Name of Bar om Environment Concrete  kg/m® Specimes of Rebar
Nt 2 20 5 £0,12.4, 48,72 > 1
........................ typesof 0, 1,2.4, 4.8, 7.
................... N-2 | %5 D16 5 80%RH for each case > 1
N-3 7 Constant 5 15
N-1 3:5typesof chloride content x 1 specimen for each case



(@ Chloride Content : 4.8kg/m®
Fig.7 Corrosion States of Rebar (Case:N-2)
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Fig.8 Relation between Corrosion Area Ratio
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Corrosion Area Ratio (%)
1 year after

Che

32
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Fig.7 Fig.6
4.8kg/m®
7.2kg/m®
10)
Fig.8
2.4kg/m®
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Fig.9
Fig.8
24 4.8kg/m®
4 RC
Fig.10

340kg/m®

(b) Chloride Content : 7.2kg/m®
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=96500C/mol |
[Fe]

0.6 0.8%

L=
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Fig.9 Relation between Corrosion Rate
and Chloride Content in Concrete

(4)

4.0 6.0

294kg/m®

®)
10°

wor = 2F xl—x—
[Fe] 60x60x24x 365

p Alem?>  F

=55.85g/mol

20 2.7kg/m®
1.8 2.4kg/m®

2.0kg/m®

Table 3

6)

34 5.4kg/m®

Fig.11

®)
36

5.0kg/m®

1)

CEB

10 1.6%

8.0

®)

mg/cm?

29 48kg/m®

4.0kg/m®

1.5%
4.4kg/m®

1.5%
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1.4 T T O Site Investigation
0.6 0.8% OLaboratory Test
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e vt g with high speed
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> 08 LI | Corrosion Rate
g 1ot H O with moderate
c 06 LI g A or high speed
S -
g 0.4 ' > Corrosion Rate
8 ' Q [m] with low or moderate

0.2 speed

O @) 8 O } Passivation
0.0
0.0 0.5 1.0 15 2.0 25 3.0

Fig.10 Comparison between Corrosion Rate obtained from

Chloride Content at the Rebar
(Wt% vs Cement)

Fig.11

Site Investigation and that from Laboratory Test
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2)
RC
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Chloride Content at the Rebar
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