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Abstract : This study aims to investigate in the assessment of salt damage conditions in concrete structures under marine environment
conditions. It aims also to improve the durability of new concrete bridge through applying the life prediction method of salt damaged bridges.
As measuring chloride contents of these bridges on the southwest coastal area, it is shown that the average amount of chloride on these
surfaces close to shore is 10.5 kg/m’. This figure is much higher than that of the Standard Specification for Concrete(1.5 kg/m'~2.5 kg/m’).
In contrast, it is shown the average amount of chloride on these surfaces in tide zone is 13.1 kg/m’. Its figure is much lower than that of the
Standard Specification for Concrete(20 kg/m’). And the life of bridges is estimated about 17 years. To improve the durability for salt damage,
these bridges are applied to surface treatment method which the replacement rate of furnace slag is 60%. Under this condition, it is expected
to be 110 years. Consequently, it is clear that the use of slag replacement rate, surface treatment agent, and anti-corrosion agent to control
chloride penetration effects of a submerge-based concrete bridge will be required.
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Table 1. Maximum volume of soluble chlorine in concrete(% of
cement mass)

Maximum volume of

E?;};tcl)rslur © Concrete condition soluble chlorine in
¢ concrete (%)
0 Concrete that is dry or protected from 10

moisture

cl Other reinforced concrete exposed to

water but not to external chloride 03

Concrete exposed directly to chloride,
C2 such as deicing chemicals, salt, salt 0.15
water, sea water or sea spray
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Table 2014 UEl mwiolsizer =443} sk Table 3. Mix design plan of in the target new structures
o3k Tz 117H5\—-C4 = E%%ﬂﬂ%‘%h‘% 10.5 Structure type Box girder Pier Tower
kg/m30§ HlmA o FHSEERS spx I 9= fo(MPa) 40 35 40
_ Type of cement |blended cement | blended cement | blended cement
Ao bl ofejdt Auke ZAYE ERAYA o . . .
el FAEe] St Andsiet Mool dhstol oo > - -
St o = E 025 km HolZl St Ao gt WIC(%) 34 021 34
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Ak E3E gkl Foof &obe F91Y] Bt ®HE C(kg/) 405 394 405
13.1 kg’ 2.2 =S USRS 71X 1 Gan(%) 20 20 20
TAYE ZEAGA W] A Su(%) 15 15 15
7“ r’éﬂ'ﬂ [Note] f : specified concrete strength, Gy : maximum number of coarse
7 _‘% =g a =3 'TL =z aggregate by volume, W/C ‘: water-cement ratio, W : water content per
unit volume of concrete, C : cement content per unit volume of concrete.
ALolmE ZAM|AT Gaps : absorption of coarse aggregates , Su : absorptivity of fine aggregate
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Table. 4. Member and cover thickness in the target new
structures.

Structure type |Box girder| Pier body Pier coping Tower
Section 5,700 8,000
(mm) <3425 4,000 x 3,200 | 5,900 x 3,500 x12,000
Target Lower | Lower part of | Pier coping |Lower part
member slab pier(hollowpart) |  (solid part) of tower
Member

thickness(mm) 400 750 1950 1200
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Table 5. Results of life prediction caused by the carbonation
coefficient

Structure type Box girder ‘ Pier body ‘Pier coping| Tower

5.856(Southern Coast Campaign)

Carbonation

coefficient (A) 6.175(Construction site area)
Result of life | -~ 103 Y8 | ouer 100 | Over 100 |Over 100
prediction (Average age is less years years years
than 100 years)
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Table 6. Effects of anti—corrosion agent on critical chloride Table 7. Review of design conditions by structural members
content Lower part
. P . . | Lower part
CNI Usage Critical chloride content | Critical chloride content Structure type | Box girder | of pier |Pier coping| "~ " o
(1/m?, concrete) (%/Concrete) (kg/m’) (hollow part)
0 0.05 1.2 fa(MPa) 40 35 35 40
10 0.15 3.6 W/C(%) 34 42 2 34
15 0.24 5.6 t(cm) 40 75 195 120
20 032 75 c(cm) 6 15 10 15
25 037 8.7 Ordinary cement(base),
Type of cement |Binary system or three-stage mixed cement(substitute
30 0.40 94 plan)
[Note] The unit weight of concrete is assumed to be 2,350 kg/m?’ Type of concrete | 1940-15 | 25:35-15 | 25-35-15 | 1940-15
_ = Protective coating Inapplicableness(base),
B S(%) BA ZT}o]ofd(FA)= 50%, 1L2ZE1(SG) Dermatogenesis(substitute plan)
= 70%7HA9E a8t} Anti-corrosion drug Prgz)ilzpllli;:(lict?;?fu(?:ss;;n)
Zejolojsieh magY T Fo BaAsk B B L
A9l WA E ok Eaks 7pgste] ACK 3659014 (kg/m) S I I B
E el B T R SRhEshel AN ot of | Mo desin quantity. Assume hat afer expote o
_ - - . the atmosphere the maximum is reached in
IHEY 4 JeE 5k 9=y, 1 = 3y} Calcium surface sal approximately 10 years.
Nitrite Inhibitor(CNI)o|™, o] WA= iA=L A Cover thickness (c)| 60mm 150mm ‘ 100mm | 150mm
20 H 3] o) L\ 51O =
FAHE A Has) molls 92 A9 1] [Note] fy : specified concrete strength, W/C : Water-cement ratio, t : member
A ka1 iyl oA dElEol|LEk Ch_moﬂ Table 63} thickness, ¢ : cover thickness
Zro]l S u|R|= Ao 2 1Edtr Q)
= _] 3= TIA _ ~ _ 1 _ 2Act L Table 8, Mix setup and detailed evaluation result of box girder
shyl, £aelE Ee] suiAeshs 5o EwAe
:_]—1_ 7-]01] EH‘H/H ACI 36501]/\11‘ o s ‘:‘Ekg] w Case Base case | Case 1 Case 2 | Case 3
o= o = 1H 93E&E
-~ : N = e W/B(%) 34 34 34 34
A&Emoftt JFS vA= Aoem I glow,
] ) B-Slag(%) . 60 50 50
27] 100%2] B 2 JRHOR 209 £ o — T
23 anE WIS Ao APSk ot o] g o : — T
& b8 ofs) S 4 9k . — T T %
Life(years) 17 110 133 214
4.3.2 7=5xE FallE o= Zat Life ratio for base case | 1.0 64 78 12,6
QA S 7122 gellel diek 87 A Life ratio for case_| - 10 12 19
A ERGEESE w2 P FEsel HAAE 20 e ve | ox [ ox | ox
3 AFEIIZ A= g AAs T
kg/m’, 7 ‘l‘?‘—l—oﬂ EH OH A= 951 kg/m'= 27 O]—‘L [Note] W/B : Water-binding ratio(%), B-slag : Blast fumace slag replacement
ACI 3659] 93l Wit Hristaon, zF txx rate(%), F-A : Fly ash replacement rate(%), Anti-cor : Anti-correspondent
_ use(l/m3, concrete), Surface : Surface processing status, Life : Estimated
AE FOUSE QUAHE AME, 288 FL 34 et ey prosesne
27 EFAHES] AR 9 AL EHA A A
Lo Rkl BT, 100ielis 27 % vjFe Zet AgEow A4
2 Aol iy Pl it FENANE galey  AREULE 60% A8el Tulof metae] SOl &
AzAl A, DAGHERY), BAAYE, = BHE A4S G 1104, LRSI 50%
ehaiehe] 4709 LB thsle] Saysiglon], oF Fatololi4] 20%E ARER Aolle FsllrEe
3} 2t 1334, 12&HT 50%S AHESHL WAAE 100/m?
8 4, mzelEE 9 RUAE @ A9l deeue 24dow 7}
A olzAnE  7h e ALY 10088 2] Aslsie Ao® |
Eptt.
Table 90| A WZSHHFET)= =-AHEH] 42%=
Wi BaRe 39 G o ALY
J. Korean Soc. Saf., Vol. 33, No. 5, 2018

W), mAERE, Fesiiel ¢

Table 8~ 1104 22t LhERi9Act.

Table 804 AAEL E-A|HEH] 34%2 vj33l oj
se 17dow teht AA4d

z3o A A9

66



S etdst 232 E ne

Table 9. Mix setup and detailed evaluation result of lower part
of pier(hollow part)

Case Base case | Case 1 Case 2 Case 3
W/B(%) 42 42 42 42
B-Slag(%) - 40 40 -
F-A(%) - - 20 -
Anti-cor - - - 15
Surface - - - @)
Life(years) 38 137 339 123
Life ratio for base case 1.0 3.6 89 32
Life ratio for case | - 1.0 25 0.9
Judgment N.G OK oK OK

Table 10. Mix setup and detailed evaluation result of pier coping

Case Base case | Case | Case 2 | Case 3

W/B(%) 42 42 42 42
B-Slag(%) - 60 50 -
F-A(%) - - 20 20
Anti-cor - - - 15
Surface - - - @)
Life(years) 19 110 158 134
Life ratio for base case 1.0 6.1 8.8 74
Life ratio for case 1 - 1.0 1.4 1.2
Judgement N.G OK oK OK
100do= =24 X wHeh 28y Ao s dAgh
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Table 11, Mix setup and detailed evaluation result of lower
part of tower

Case Base case | Case 1 Case 2 | Case 3
W/B(%) 34 34 34 34
B-Slag(%) - 40 40 -
F-A(%) - - 20 -
Anti-cor - - - 15
Surface - - - (@)
Life(years) 57 210 500 181
Life ratio for base case 1.0 3.7 8.8 32
Life ratio for case | - 1.0 24 0.9
Judgment N.G OK OK OK
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Fig. 3. Penetration history of salt powder by mixing type (lower
part of tower),
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