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SUMMARY

Title : Practical Development of Anti-conosive Steel Bar Materials for Reinforced

Concrete Prepared by Hot-dip Galvanizing and S.W-Electrodeposition
Methods

Steel reinforced concrete has been one of prominent composite materials sustaining
the infrastructure of our modern society. On the other hand, the deterioration and
collapse of concrete structure often comes to receive social concemns from the view
points of economics and safety recently.

In general, concrete gives steels alkari environment where steel seldom corrodes.
However, the degradation of concrete can be caused by wvarious factors and the
corrosion of steel rebars is one of the main reasons for it . The steel rebars corrode in
the concrete and the corrosion products expand as the result, which leads to the
initiation of crevices, the propagation and the deterioration of concretes in successions.
In light of corrosion protection for steel rebars, various countermeasures for the
deterioration of concrete have been recommended éo far. For example, epoxy coated
rebars are one of the typical countermeasures and they are used as effective rebars for
the corrosion resistance in foreign countries such as American and Japan etc.. However,
in spite of their high effectiveness, epoxy coated rebars have also some serious problem
in light of the high cost and difficult application etc.. In this sense, we made focus on
the application of hot dip galvanizing and calcareous deposit coating methods to
concrete steel rebars, which can protect the corrosion of steel rebars and prevent the

deterioration of concrete structures.
In this study, we investigated and assessed the corrosion characteristics of

galvanizing steel rebars in concrete environmental solution conditions to establish
countermeasures for corrosion prevention of steel rebar.

These results suggested that some chemical products generated by the reactions
between zinc and concrete solution containing chloride ion are formed to protect further
corrosion. And then the corrosion rate decreased with time being significantly. In this
end, hot dip galvanizing has been demonstrated as an effective countermeasure for the

deterioration of concrete structures.
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» Protecting the international public from fools and rascals

:ACI and 1SO Building Codes for the millennium
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:Its practical application for the future
s TS E AT AFEL FH3Y] AT V&R W74

EER IR

. |
A BRI
ﬁi@ﬁ(g « JFAEAE TR A5EL AANT T 2 AF P 2RPY TAIE Az
I o 1 Ex_l.’] 2“3;] Ko /K]——?——t—‘— _?..,] EE_]— ]—E_% X'"}\]'E]':J—-’- Z‘l%%g
4

Ags JEUEA Fgu A8 AT
o 23E F2EY YTHRAL AZWA A B E FI2
BN TEMERETR | AL @A, Az, AR A4, AF, A4 712 H

E

HTHR-TARIRET] o EaEANANGE F2 AY 2 AIBA7 /\155401 - AN A
(g8 AR HE W& FhHeE Hof o]g B, J::HL

Z2E Y74 AAE 38)
o Performance based probabilistic durability design
Duracrete Project(%)) |» Durability Performance on chloride attack

» Durability design examples

EELIELE SR
SEREE

Development of Life

- 365 Program for o Durability model fér service life prediction iy ?H‘"f‘;% )&
o I e Development of Life - 365 program 3 daflo] dig WS
service Ire 1, Verification of Life - 365 program steel corrosion o @ LCC &4

prediction (w]=)

Q) 3 A FSF ¢ gAad
e AIG FAl, ASIAA FREY IUTAH FIHEY AR FoE A
Ror, 7Wrle/d-e3 Je/FFNERES 4 FASIE o
o} ol# g Aj7]o] WErH FHE o] &7 WAHZ L 3
ZEY Az & 9F& T AS=R A%
op 71¥e
O Exsws n3bd 4F 3RiAd dsd T4 EZHE A 2

_11_



5
4 A4s7ivt 74 AA Z1s A Delft sh
3 HE F2E AHEFE H7F (NSD

b 283 7le
O Exr3Ee 1

24 R sty
@ B 1 BT A 1Y A4 (duk= COWT A
Q@ T+ %7t =l 7t 2 283 (ACD

=

Bt DU 7 223 E AA/RZNZHFAREY 5F AF
I TREY J& F

(th &F 7N&AE w3k
Y784 71H € LCCH7M7|&S Zzadslsld 28 dAd T4
Bt =4

@ sis] |A- A7718H TFAT LA H F3 W
B dFdME F TRHD YA FAY, TFx AF

] i N
H3) = B9 yiol thgtae] AE 5L 539 YA eE d7E 78
X H 2 1=

G) /MEd Zsd 19 A AE Wt
E g7e dFANEERY st FLA dVIARE, 13geg ¢4
&o] FRHE 25 AAA B4 2 YA F dEo] =dE o Holu)

[+]
D =9 535
Age] W 97 SARAIAE 5049 HASHE 2AHAo, LuA
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¥ 27 A4 A% 34 58 4%
3H& Patent Nimber Title
1 7,077,941 Multi-layer electrodeposition coating film-forming method and coating product formed by
the same
2 7.070.689 Acid dip for zinc-manganese_allov electrodeposition
3 7.052.991 Electrodeposition film forming method, and semiconductor apparatus
4 7,052,591 Electrodeposition of redox polymers and co—electrodeposition of enzymes by coordinative
crosslinking
5 7.046.418 Reversible electrodenosition devices and_associated electrochemical media
6 7,041 382 Coated steel sheet provided with electrodeposition painting having superior appearance
7 7,030,185 Electrodeposition coating compositions and articles coated therewit]
8 7,024,084 Electrodeposition solution, optical part produced therefrom, and production method for same

optical part

_.12_



9 6.992.808 Electrochromic displav device and electrodeposition—tvpe displav device
0 6.951.602 Electrodeposition bath with water-soluble polvvinvl alcohol (co) polymers
1 6.946.066 Multi step electrodenosition process for reducing defects and minimizing film thickness
2 6.932.896 Method and apparatus for avoiding particle accumulation in electrodeposition
3 6.902.827 Process for the electrodenosition of low stress nickel-manganese allovs
14 6,890,412 Electrodeposition apparatus and method using magnetic assistance and rotary cathode for
ferrous and magnetic particles i
15 6,881,313 Crater inhibiting method and crater inhibiting agent for cationic electrodeposition coating
] composition
16 6,378,250 Pulse reverse electrodeposition for metallization and planarization of semiconductor substrates|
17 6.872.288 Apparatus for controlling flow in an electrodeposition process
18 6,363,793 Sequential electrodeposition of metals using modulated electric fields for manufacture of
circuit boards having features of different sizes
19 6,846,588 Hollow inorganic_membranes produced bv metal or composite electrodeposition
20 6,846 400 Cathodic electrodeposition coating agents
21 6,827,833 Electrodeposition of metals in high-aspect ratio cavities using modulated reverse electric
fields
22 6815354 Method and structure for thru-mask contact electrodeposition
23 6.814915 Method for annealing an_electrodeposition_structure
24 6,814,850 Acid bath for electrodeposition of glossy gold and gold alloy layers and a gloss additive for
same
25 6,311,667 Cathodic electrodeposition coating agents containing bismuth complexes, preparation and use
thereof
26 6,807.027 Ruthenium as _non-magnetic_seedlaver for electrodeposition
27 6,801,352 Electrodeposition display device
28 6.800.508 Semiconductor device, its manufacturing_method and electrodeposition frame
20 6,800,189 Method of forming insulating film of conductive cap bv anodizing or electrodeposition
30 6.798.556 Locally-switched reversible electrodenosition optical modulator
31 6,797,769 Electrodepositing solution for low-potential electrodeposition and electrodeposition method
using the same
32 6,797,409 Electrodeposition process and a lavered composite material produced therebv
33 6,797,144 ethod for reducing surface defects in an electrodeposition process
34 6.793.797 Method for integrating an electrodeposition _and electro—mechanical polishing process
3H 6,790,331 ELECTRODEPOSITION COATING FILM THICKNESS CALCULATING METHOD,
RECORDING MEDIUM STORED WITH FILM THICKNESS CALCULATING PROGRAM
AND READABLE BY MEANS OF COMPUTER, AND ELECTRODEPOSITION COATING
FIILM THICKNESS SIMULATION APPARATUS
36 6.784.236 Electrodeposition coating composition
37 6,752,915 Web conveying apparatus, and apparatus and method for electrodeposition using web
conveving apparatus
38 6,746,588 Cathodic_electrodeposition method
39 6,743,837 Resin dispersion for cationic electrodeposition and cationic electrodeposition coating
composition_including the same
40 6.743.834 Anionic electrodeposition coating composition
41 6,706,166 Method for improving an electrodeposition process through use of a multi-electrode
assembly
2 6.685814 Method for enhancing the uniformitv of electrodeposition or electroetching
13 6.673.853 Electrodeposition coating composition
44 6,652,727 Sequential electrodeposition of metals using modulated electric fields for manufacture of
circuit boards having features of different sizes
45 6,652,726 Method for reducing wafer edge defects in an electrodeposition process
46 6,652,725 Electrodeposition apparatus for producing electrodeposited copper foil and electrodeposited
copper foil produced by the apparatus
47 6,641,711 Electrodeposition coating composition having electrodeposition potentiality and process for
electrodeposition coating
48 6,630,064 Composition for electrodeposition of polyimides and method for producing patterned
polyimide membranes using the same
49 6,624,272 HOLLOW CROSSLINKED CATIONIC POLYMER PARTICLES, METHOD OF PRODUCING
SAID PARTICLES, AND PAINT COMPOSITION, CATIONIC ELECTRODEPOSITION
PAINT COMPOSITION, RESIN COMPOSITION, FILLED PAPER, PAPER COATING
COMPOSITION, AND COATED PAPER
50 6.624.215 Cationic electrodeposition paint composition

23 . http://www.uspto.gov
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¥ X.G Zhang :Corrosion and Electrochemistry of Zinc, p357, Plenum Press.1996
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20H" + Mg” = Mg(OH);  (8)

® 35 & SFEEY pHIl B AN Mgholeo] $dFoz OH9
23} Weste Mg”(OH:E FAsHA Ha Azte] Aol ma} Mg (OH)9]
2 57 S Hol AFAETL gastes swEe] mHdA = pH
7} WolAA @k 1 Az OHo] HCOs o]e3 Agste] COJ o] &o] &
AeA "ok o B a5 Fol A JE Cae COT o AFI
CaCO7} ARG o447 2& 928 Saq 35 5 1F o] §
33 He Rolth =, MgOHyogo] RExoz WAnwe] FoE
Hehd A BEFoXE =0 A %, S5 pHrl F7bslor ¥4
7] dgd 8 FAEHE VT £ Aok whEe] CaCOre E3
Ae ol gedggor Ay Wi WAt wRyl Ahn

Atk 2971 WE CaCo: 4 2 Ystuy v 2

ANGPoH ol2RH £ AES 53 A2 A% =¥

-4
I
K

ol ﬂll
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4 £5=FAFHY ALFHL 27 2.

P EddntAg - AA XA Emery Paper #100~400 A}-8- &)

) A ArsaAd AA, G4 10-15%, &, 108 I3

(Ch FA - AR 2L 2FE AA, AL 108

(8} Flux : 2EAA, =a3F9WA, 80T, 3-5& F3F

(@) £¢53 : Zn -+ 450+10C, 10~15% A, Al--690+10C 10~15% A
(Bh) Fx]¥) : 4%HNO; &9 (AD) &89 Flux A A, 3-58 233

(D A BW FAE AR AA

(oh) Ax g1

88 A =T 34

22 or A9, &F g4 or A9, &F

& 4

AFAIHCD 20% ARA|(HCD 20%

W ZHH,0) = 99.99%

318} A = (HNO3)
A (Hx0)
29 310 8§ 7Zn 2 Al =3A8HY AF T
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D A4 %% =5 74 54

Oh SFEFAAT BAS ERTAE FANAL o§sed SHAAT
P T»ﬂ 25387 St AW AREL Awale] o FA FAF of

(=5] U}—?—‘%?} AgHL X EJﬂ ol9 Grit 100 — 2000 7}R] Al&3}e] Awvlst
5 &Frog 2 893 ]85t PolishingS 33t
(=P Pohshmgﬁ} AlEHL 5% HNO; + 95% Alcohole] &4 OE °ﬂ AS AAE
% s n| 74 (Nikon EPIPHOT-300)& o] &3ty FAE 3o}

2 ANE &
(7P 3% NaCl &9
() 1% Ca(OH); &<
(th 1% NaOH &4
(2D 1% KOH &9
(P 0.008 mol Ca(OH); + 0.13 mol NaOH + 0.32 mol KOH 48 (o]s} &3
F&Holzt 3
(mh) E2EHE 7|2 SHEAWE H] 50% Al Epasteo|r] F3 A FY o9
A7} pHI13)
A 238 E €9 + NaCl(%d)
% 23 E £9..-Ca,0.012, Na;0.0035, K;0.077, Cr;0.0001, A1;0.00000012(mol/dm’)
O Ag 9L HA7|5stE BAEAHS dolry] 3 7Hg g2ol AMEEHE
3% NaClg-dA# ZAHE A 473 74 &AdojA HAjste A
o2 AR

_29_









@ Z+F A FH e RAAFE AT 9§ RolEE EEv
WHE Zhzhe] &R A 1A Bt HEZERAE ST F MEA
10mV w2 Ao A AlFe AZHAAAN 1V FeAZl F g
Z NEAYRT 100mV 2 Ag7A A3 ¥t

® FAXNFE SmAZ EFAHT

@ olwe] FAl&x=(Forward Scan Rate, Reverse Scan Rate)= 1mV/sec

= ==
s

%36 AW FFY Ag=A

NEW =2 B lem®
FARAREE 5mA/cm®
FA& % (Scan Rate) ImV/sec

273 3% NaClg <
273 1% Ca(OH), &
g7]38F 1% NaOH £
PR g7]3 1% KOH &9

0.008 mol Ca(OH), + 0.13 mol NaOH
+ 0.32 mol KOH &3 &4

0.008 mol Ca(OH); + 0.13 mol NaOH
+ 0.32 mol KOH &3} &9 + 3% NaCl

ro
ki

&2 (20)
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h A ARE &8 =53 AFH FAE
2ol Yehstth

o

T#HeZ <& 377

44 =3 A9UY 37 24 Zn =3 $4 Al =g

8§ =2F 37 54 (m) 74 (£10) 68 (+10)

BT, ZAFAY 6-7% 3= FFH Aot
¥ Zn 20g/ci 8- =FA] Zne] Yx7} 7.13g/ai(293K)0| B2 20g/ci + 7.13g/ it =
2.805(m) 77 =FE A2 FE2¥ F Uk
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18000
| a
14000 -
12000 -
g- ]
2 &
Cagdl AAS F £
600
400-
B ]
200__ & a
a 1 v 1 T T v T T T T 1 T T T 1
o 10 20 an 0 s0 60 10 80
Diffraction angle 2T (Cu? Ka)
12000 -
o
[z celomy =& |
10oon
Cage) AR £ | 5
o W = a
EeH& o A g 00
oy =y = =R
NgE x .
300 A
200
1o 4 8 94 ng
o
1 1 T M T T T T { 1
1] 10 20 an ] sn 60 1 80
Diffraction angle 2T (Cu-Ka)
160 -
yoa | ZmCalOH)Z & +3%Nall
120
Cagel AR & | ™)
£G4 +3%
E
— 50 4
NaCl £} o) A
NEE F
20
o4
o 1n'z::'3:1lc:zls:1ls::'1:1ls::
Diffractionangtle 2T (Cu-Ka)
Ca(OH), | : CaCOs : CaZnx(OH)s - 2H20
19 337 88 Zn =5 A @HS XRD #F 4%

_48_










ool A de ZAFPE ulgto g FJE 7w 300MPa o]A¢l trem e F

#3100 F< 473 ¢ =27)

A2 AA A2 =37
D 13 20cm, 30cm, 100cm, 230cm
D 19 20cm, 30cm, 100cm, 230cm
D 22 20cm, 30cm, 100cm, 230cm

B} SSEFAGE AF WY
& 2% BAZANN ABdR AW ) AP $4ET B2AYD

2 #4L <Y 3399 Zo] Vel

EdduA g - ZAFEH Emery Paper #100~400 A}
&3 2

A sk AA, FAF 10-15%, 32, 10& HH

Flux - ddAA, ==, 80C, 3-5& 34

&8¢ =F : Zn - 450£10C, 10~15%

32 H0) 4 2 Az B FA AE AA

a9 339 fgolaAxF AZA AF A
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32 AW 2T o TSNS S we ¥ 3
ol Ushf $3e) B29 guus o
A49>s} Zko] Wi zZlols} 65mm 2 130mme] A
A UeE guE 2oy}, Aol AgTte] ukazd W M%—leo
T BAHE 2 & F AT

120000

e Conirot D13(h=150mm}

200000 - v o ZinC Y1 3(h=150mmy)

80000 -

60000 - -

Load{N)

40000 1 !

20000 -

g 10 20 30 40
Displacement{mm}

19 348 28 $% e 23y WD
(A7 : D13, vjd o] : 150mm)

120000

— Controf D13{h=130mm}

100000 = Zine D13(h=130mm}
80009

£0000

Load(N)
-~

40000, I .

20000 4 f7

[ 10 70 30 40

Displacement{mm)}

a9 349 Y fFo gE p3g
374
(A7 : D13, w8 Ao : 130mm)

AwrAT AW B¢ BT wPQoWED, 10D, 15D) FAHe 27
58.3kN, 63.9kN, 75.9kN o 2 ZF o] <1& 3500049} o] njPZlole] E7}d
get Raeo] AYHoz Frkste Y5 AL Holn Ytk a1y 35D 2
o] wjgzo] 5D ¢ 10D Z-¢ wig® HFdo] B3A gton IoDoA = HZo]
A mheo] Yolytth



120000 —— Control DESth=150mm) 120
e we Control D13th=130mm
oo 4 e Control D13{Hi=65mm) 100 A
80000 M 2 80 4
£
‘i‘ -3
§ o000 | Z o0 _g §0 /
1 [Ty F
A 1y 2 w0
40000 - Ly
't
J 0
20000 4
o T T T
¢ 65 130 150
3 10 2 .50 40
Displacement{mm} tnsert depth{mm}
I3 3.50 gwkAT A9 wjPdond 13 351 gukEs AR
32 ias 3ae-gziole] ¥

SgoldEd AT AW ES, 27 Wy eldED, 10D, 15D) 7%
o 7}7} 63.4kN 69.6kN, 75.8kN ©.2 ZF5)o] <@ 350099} Zo] wl@ziol ]
Z7bd w RFEo] AFPHow Fyste ¥5F AFS Holn Utk <a¥
35159} o] wigzlo] 5D % 10D9] A¢ wigd o] ®3A ygtew I5DIAA
€ dZo] 9% duo] otk

120000
e TivE 31 3{h=150mm)
- w-FinC DIS(h:.‘LSDmm}
100000 - - ZINC D13 (h=B5mm])
80000

50000 -

toad(N)

40000 -

20000 -

1) 10 20 30 40

Displacement{mm)

19 352 ojdeF A A9 uiggerd 1=
w4
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@ AolA) T2 A
R-EELE

D« A

B 4 C < B4 D <
N
D A« B C B« [ 22
. 300 5
200 450 450 450 450 200 |
14 i 771 tja 173
- A AIFA
RS A€y B C =y Bl D <y
\ {
D« Ae B Cx Blel D&l
360
280 450 450 450 450 200 ]
/4 L/a 773 L/a
Section A SectionB SectionC SectionD
* StrainGauge
4 wor

® AgAY BF 8 A4S

¥ 319 2adE B A4 % 2 A%

A= 27MPa 400MPa

D #age) : Y53, g
2 Zy =A% 270 A8 AF
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CRELEES
-3tz-1 9 @A

FadE B AR 4P F2E% B

AnE <3 35607 2.

400:

——— ook e Covitrok
3se - e 350 = Zine
300 300
250 250

Z 2 ey g
o 200 z -
3 P \ 3 20 PE)
2 2 \ <] - Y
150 ; 5 150 ’ v
P 5 ’ b
” N P 5
] A3
100 /o 100 [’ 1
500 ff 50
i 0:
10 15 20 25 30 0 5 10 15 20 25 30

Displacernent {mm}

a. @93 AF A4

Displacement {mm)

b. Agsta] AF A4

a9 356 stE-wee A

953 AFe BANAE QAT AW ojAEF A2 AW AL

Z} y}3jglFo] 217kN7}k 230kNe 2 = Ho] olde g HZE AME3 A|He 7
Aoz Yeigth =3 #A9dy ASS ﬁﬂﬂ%}ﬂ%%& Al

3ol ta F7he

|

A= 247 shFskFo] 193kN 3} 205kN o2 S Ho ggoldxEs IS

$8 A9 gurds

- $3-488 W
43 2 QBT AYE] P 2YAS AT 2L ST ABH

2 Agd AR BAATO] fAL Ao

Aoz BHrrHEen 9y 3

B7hE A

R 54

o

o

S
A

Ao} 3)

2 90T F ‘l»— X 710 o) Xe) }_]1—— o
g F2 A EF 22 BFE 7HAE AR YEE
500 500
—e—Control_Basic_Gagen1 C —e—Controf_Stirrup.Gagew1,_C
~a— Conrot_Basis_Gage#i T —a—Control_Stirrup Gaged1. 7
200 = Zinc_Platig_Basic_GageM1_C 400 -~ Zing_Plating_Stirtup_Gage#1_C
=3~ Zinc_Plating_Basic_Gage#: T =~x~Zinc_Plating Strrup_Gage®1 T.
300 300
g g
200 200 % e
e
B e
&1‘ et
g e
100 100 ‘E\ & iy
0 [
-1000 -500 o 500 1000 1500 2000 2500 3800 3500 -1000 -500 @ 500. 1000 1500 2600 2500 3000 3500
Strain{x 10%) Strainx 10

a. 33 AF A4

a9 357 stE-HIES B4
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- g™

UrETS AFET AT AL, NN Rm FPio] 27 Fdo| B4
Sos, LKA A8 L3 A974% F90] BAHA. 10N AB
Qo wAFGOE, Bty ARE 27KN, AGT ABL 193N HhHEL
wgkor, 747 11.87mms} 6.02mme} H o] WA k.

JAEF BIL AT AW EF, YBITL A18F AR 7D AW ¥
d7k 2o HuslFe 230kN 3 205KNez ZFsUom, o HPe 74z
8.92mmse} 8.72mm=z =4 ot

75 s

a. B33 A%

// VL

SEEIRE

F_\:,

a7 358 AutAZ S AL T FAE B AHe| Fg9d

TORRANERRN

a. #33 AH

a3 359 olAEF F2L A ZAHE B NHe W
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OISCEE

ZAA2EQ@A) NBe] A5 FYn A PP Ao 60%7A
= 30kN/min ¢ &% "6]——6—2118]—% AArstg e, o] 0.02mm/sec 9 =2 W
AAolE QA HHREE FARKHE HPA ANLE 185C, = 45%¢]
FR2ANA A3}k

Ohstg-we 84

dte-He A £4 47 £ F - $559 HAE AHEste <O
Y 362> 2 ¥ 3.6 =AFAY-.

YRHE S ARSE AHY AS F2o] @57 Ho| Hoisls 480kNel A
o] Aol FRHJYLH, }‘EE% A2 AL AEY By Z2ol &
371 1% FAAA AYHTY A 490kNo A H3]Ho] 4o FRHAT

ol gWrEZE AT AW Hlud £ W ofd=w & AT AHE
o] F-&go] Frlste] HustFo] 71 Ao UEEG-

506 600

w—COntrol_UP — ZiryC_UP
w——Control_Battom s ZiNG_botOm
500
4
200
S H
B =1 300 |
3 8
200 &
190
-5 o 5 15 15 20 25 -5 ] 5 10 15 20 25
Displeement{mm) Displcementfmm}
a UWHET AL AlE b olIEF B2 ALg A

g 362 ZEA2E AH FF-+=AW] BA

Gy

56
—Control_Left sn i _Lo$t
e CoONIEr O}, Right

500 4 500 s ZINC_Right

A 3
-‘g 308N+ E’ 30
200
100 100
-20 -]:S -1 -; i V] ; 10 <28 15 »1’0 5 i o 5 10
Displcement{mm} Displcement{mm}
a YurEZ ALS AW b. oldTF HZ AHE A

a9 363 TAA2E AHQ FF-F=HWS FA
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o] HPEL H9F ¥AS} &Y AIF E IR A
<@ 3.64> 2 <ad 3.65>0] YR AT

B e Control_up i - ZINC_UD
w—Control  bottom ammmem Zifrc_Bottam
500 —fq 500 - A
400 g 300 .r’l
z Z
‘-.'.i' 300 i 406 -
3 3
200 200
100 100
-3000 -2000 -1000 g Im 2000 3009 4000 5000 -3000 -20.00 -1(;00 . o 10‘00 ZOjOO 3000 4000 5000
SteelStrain{x10%) StealStrain{x107%)
a AT ALG AW b. oldEF W2 ALE AW
a9 364 35 - Sy s A2 ?glg A
o m—Control_Left i s Zin_LeFt
s Ciitrol_Right wwm Zine _Rightt
500+ 500 -
- . /__/-1
Z g
i’ 300 5 | 300
3 3
200 200 §
100 - 100
-200 300 800 1300 1800 -200 i 300 800 1300 1800
SteelStrain{x10) SteelStrainfx10)
2 QWAT ALg AW a o}AEF B2 AL AW
a9 365 stE-3 - 5 9AY A2 WIE AA
=-Z2IHE HIE A= <:L%] 3.66>, <29 3.67>¢] JEh) At
w8 m—CoRtrol ug b v 2T A1
e Contral_botom sownen Zific | bottonmy
500
400]
z z
3 £ s
3 3
200
iaa
-1000 ‘5‘00 ] '5(’)0 1000 -1000 . a 1(;00 ZO‘OO 3000 4000 50;)0 EI;OO 7000
Concrete Strain{x10%) Concrete Strain{x10°}

a WA ALg AW b ofd=F 2 AHE AW
19 366 F-4 - 3% &AnS) E2AYE WIS WA
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i COpitrol_EEft e 2 L 0
s Cooptrol_Right mna 7irte_Right

Load(kN)
Load(kN)

T - T T + T g T
-1000 500 o 500 1000 -3000 o 1000 2000 3000 4400 so0g 6000 7000

Concrete Strain{x107%) Concrete Strainfx10-%}
a. 4¥bEZ AR AlA b. ofAEF EZ AME A|H

a9 367 sF-F - 5 YA FadE WUIE BA
(th #8994
ARHEZE AHEE Al B9, 150kNe FtselA AR EHBe TG
2717 4(c/w=0.lmm)o] TA3ta] 200kN 712 F#@ZEo] =78k, 250kNo| A &
<) o]

} T =0 249 FEH AR HXR st 2o F Fgo| FrtE YA}
Atk 450kNell A 2R en Fdre FEE Lsmmzkx AAHJYoH, Hdsls
480kNol A o= A o] FEHA

JAET B2 AL AW A9, LNolN A% HBe] FPRo
0.lmm o] z7)Fdo]l BASFoR 150kNo|A FAEo] 0.2mm 74A Z7Fatsch.
200kNo A AR Zejme] Z7bHel 7o WydPOn, FE FAR ZHd 7
Qo] 71z WASNAT. 300KN, 400kNolA] Zujo] Fdo] 2712 WASROH,
Av)al% 500kNol A o E WA Ao FRIAT.

O gurEZ AHE AlH

TN
|

[
| 4

)
[

[@is)]
410

a. 1y A# b. 29 AlH
19 368 dAS ALY ZALE AHEe Fadd
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® 321 q5AF ng9 4=

Specimens %‘gg&t Deposit time ter]r?gg?aséltlre Solution
2 24, 48, 72, 168 and
3 A/m 336 Hour
No-Mesh | 4 A/m? 24, 48é3?52’Hé31§ and ZS%OCand Natural seawater
2 24, 48, 72, 168 and
5 Alm 336 Hour
2 24, 48, 72, 168 and
3 Alm 336 Hour
Mesh 4 Alm? 24, 483322’1_133? and 28°4C8°Cand Natural seawater
2 24, 48, 72, 168 and
5 Alm 336 Hour
Catbode Anode
[y
o Heat
exchanger
Strainer Pump
Il Sea water out
a9 371 Ag 2w
o 4% 23

(D A2 =z-gute &k B4

<y 3728k <F 3.220% 28C 2 48C<o HA s = 3 A/m® 4 A/m? 5
Alm’e] AT 24 2 = Hx]o}z] ore AP, AF Azk] thEr =
Z zgute M2 =712 Jelz Yok A% zElwe] Mzge AFA|7
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of me} vlEste] W] ATt AT 4] &5 48T Ao Mg A
ol 28Ce] ws] Ar|7t At AA F HEHE A& AT 5 Uk o
S 2TVt EEFE ol 5=t gornE AFE FAS AT o AEH
Z71s7) wiolgta A4Et w3 AFLE F w2} A B
A% IR HFFe AAHLR Frbshs AEE UEiz ok oA 9
WAz AXE AEFo] AFAFLRAA Ao wet 480 #AS veh
€ dgde] A7 F I &g FAT & ok
<29 3739 <E 32D AFH FAAAMY A zEute] BIE =712 9
3 7 WAE AT AFHY AFA ] BE HEFS
AR o g <Y 37209 fA AFE Holx 3
HE AX A & AFH wE FHH] Fr)a)
DA o] FolXHEA I NEHFe A
= A% 23 o I, 48T Jas 5o

h‘,
ok

= = A/ngl AFAToA 4 Alm’R
Eo] AA FAFYoU, BCHANE 5 Am’e] AFA=A 713 2L A
FEol FAFNLH, 57 5255 AFLEC BAR] FFHEY FA4ol wo}
= KX

gag 5 Ak
. B

ol Axg F3 B o, dutdoz MAFUEr) SUstd A Z'dte] ¥E
Fol F7HeAIRE, &= Bt wt o] eEAle AL FYE F o
A, B Ao AFEEE 48T 25 AN AFo] waA AYPH Y&

¥ 3.22 No-Mesh A|g#He A melul =G

B 28°C No-mesh specimens 48°C No-mesh specimens
* (mg/cm® (mg/cm?)
%urrent
ensity 2 2 2 2 2 2
Electro 3Am” | 4 Alm° | 5Am° | 3 Alm 4 A/m 5 A/m
deposit time
24 Hours 8.87 13.023 15.62 8.09 14.93 18.88
48 Hours 17.65 20.31 31.94 17.54 28.46 33.59
72 Hours 21.83 32.23 34.99 19.43 37.46 42.43

168 Hours 37.77 77.50 61.52 34.28 69.70 85.30

336 Hours 77.34 84.36 101.35 40.24 105.09 86.24
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3 3.23 Mesh A|@#He] A

=

&y

ECEEES

2 28°C Mesh specimens 48°C Mesh specimens
* (mg/cm?) (mg/cm?)
%urrent
ensit 2 2 2 2 2 2
Electrs Y1 3Am? | 4Am® | 5Am® | 3AM* | 4 Am® | 5 A/m
deposit time
24 Hours 11.60 14.80 17.25 16.08 24.05 18.62
48 Hours 23.65 24.69 34.39 30.40 35.00 39.15
72 Hours 29.93 41.33 42.59 50.88 595.34 55.78
168 Hours 72.73 75.01 86.93 92.97 213.97 127.66
336 Hours 133.45 179.23 185.28 135.56 244.98 194.99

Weight gain (mg/cm?)

19 3.72 No-Mesh A 3l®H <]

300

250

200

150

100

50

—=—3 A/m?28 T
—e—4 A/m®28 C
—— 5 A/m®28 C
-® -3 A/m*48 C
-e -4 A/m?>48 C
-4 -5 A/m*48 T

No—mesh specimen
No—mesh specimen
No—mesh specimen
No—mesh specimen
No—mesh specimen
No—mesh specimen

200
Time (hour)
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—8— 3 A/m?® 28 T Mesh specimen
—eo— 4 A/m® 28 C Mesh specimen
i 5 Afm® 28 C Mesh specimen
~m -3 A/m® 48 T Mesh specimen
—® -4 A/m® 48 T Mesh specimen
~ & -5 A/m® 48 C Mesh specimen

300

250 |-

200 |-

150 |-

100 -

Weight gain (mg/cm?)

50 -

0 100 200 300 400
Time (hour)

13 3.73 Mesh A|dHe] AF zElu AP

(2) AF FZ8 o 2494 £4

(E 324004 <F 32602 2494 4 49 5 434 g9 FAHARCE 4

Z 3= Mgd Ca9 &S Ho3:m Qo) <29 3707 <28 3.7 <& 3.209

28C & 48C HAA sFolA vHAE AXeA &L A9 Ca & Mgol gk =4
o]

Y284 2342 a9=2 yehd Zez2A, CagdE % MgatgEe A vA

ZA9A BA A3 28C 2 48C AA 4 2 3 Am 4 A/md, 5 A/m® AEY
SO A AFZAZ wE FAHE WAE EDS BEAAn AR gtz dE
48C ol 4] AZe EDSEA A}l fAFeA O, Mg, Ca g40|1, 7g ¢

&, AFA o] AT wE F 2= BEF ARYRY ARl Mge 74T
€ u Ca & F718tnh oA AF7|w ZdHoA e F57 &9 AHALol]
32 ZojA] pHel #W3lel] <3k CaCO;zt Mg(OH)e) H&z7A9 zpolz AzdhAct
gy AFAZL A wE A3 Lx9E #Age]l Mg ARl Hade AL
Az z7)de 718 EH MgOH): 38E 59 HaAEo] A = AZA
s of w&} wFEAYE FUtEI Z1gEAY Hu Aol ARA HI| Wi
Aoz SFAFLETE 2Adte OH'9 AAo]l HojxA =7 dqEoitt. wa}
A 28C 2 48T 9 HAs|FelA HAFAZE Frbe] wet MgOH): 3H3HE Hoe
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CaCOs9] 38lgtEo] Wol H&EHE ALE Alg HUh

<1 378> o)A <Y 380> 28T @ 48T |5 Lse} v AR of
g AF7 Ao g Ca/Mge] ul&s =43 g Aotk 7 2= £ EF
W AR f5< ARl AFAI Aot tEo] Mgel dig Cadl rj&2 AR
33Utk 9, BT HANTAX AFE A 28C A AZg -9 Hls) Ca/Mg
o] Bl&9 Aole ZA "]‘E}‘Jrfﬂ— Ut & 257t &5 Mg"ﬂ Hlg Cao] Adh
Moz wWol YA o] AL MgOH,} CaCOsel &8l @ pHel spolz g
Ao g AZAHEM, 227t 5&4F MgOHZY &3=e F7iste v CaCOs9
SlEs HAidte AL ¢ F Joh 2BEE FF 557 &9 AWAbel9 pH
48 ° Col WA ASr wornE MgOH), stEHTE CaCo; BHEe]
o] °] 0}7] 9 Aoz A7

H 37607 <29 377>HE AJFH HdHo| HIES BI{A FHE 9
AR5t AFE Bl AoAME HFAZe] B Ajte] wEl Mgekol
adol Aoz Frtdte A4S Ul Aok out AFAIZGC o
F&etA o2 AIFHEY AFoE MghEd dig Caydie &%
3t AFS Holi Stk o]AL HAE F&A3 APAL fAZ st
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¥ 3.24 No-Mesh Aj@Ho| AZ zElul Y45 B4
Deposition
" Deposition time 24 48 72 168 336
T temperature | Current Hours Hours | Hours | Hours | Hours
density
3 A/m2 4.69 480 | 12.29 | 16.76 | 21.05
4 A/m2 7.44 5.04 6.42 | 17.60 | 17.85
48C
5 A/m2 4.21 5.85 8.33 | 22.74 | 17.28
Ca(wt.%) of Average 5.45 523 | 14.81 | 19.03 | 18.73
No-mesh .
specimens 3 A/m2 4.71 5.60 6.36 15.96 | 20.35
4 A/m?2 2.71 3.78 434 | 13.05 | 18.83
28°C
5 A/m2 3.55 5.87 9.33 | 15.64 | 20.14
Average 3.66 5.08 6.68 14.88 | 19.77
3 A/m2 11.71 | 7.88 7.61 1.29 2.59
4 Alm2 11.79 | 21.04 | 18.90 | 1.68 161
48C
5 A/lm2 19.68 | 1398 | 13.23 | 2.95 1.33
Mg(wt.%)
of Average 14.39 | 1430 | 13.25 | 197 1.84
No-mesh
Omes 3 Am2 | 2035 | 1869 | 1620 | 351 | 250
specimens
4 A/m2 23.30 | 20.37 | 16.82 | 4.00 4.34
28°C
5 A/m2 25.40 | 22.81 | 7.95 5.46 3.09
Average 23.02 | 20.62 | 16.99 | 4.32 3.31
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& 3.25 Mesh A ¥ AF medu 2404 74
Deposition | SOCPOSIOR {0 1 4g 172 | 168 | 336
temperature | Current Hours | Hours | Hours| Hours | Hours
density
3 A/m? 259 | 3.89 | 503 | 991 | 4.10
4 Afm? 176 | 353 | 435 | 881 | 9.32
48°C
5 Afm? 260 | 4.99 | 569 | 10.60 | 12.87
Ca(wt.%)
of Average 2.32 4.14 2.02 9.77 10.72
Mesh )
. 3 Alm 206 | 265 | 428 | 888 | 10.78
Specumnens
4 Alm? 152 | 243 | 398 | 742 | 9.78
28°C
5 A/m? 133 | 284 | 329 | 7.11 | 8.27
Average 1.64 2.64 3.85 7.80 9.61
3 A/m? 10.89 | 11.37 | 855 | 651 | 5.10
4 Afm? 13.28 | 13.22 | 11.08 | 6.81 | 3.88
48°C
5 A/m® 13.46 | 12.37 | 1037 | 581 | 4.25
Mg(wt.%
g(of ) Average 12.54 | 12.32 | 10.00 | 6.38 | 4.41
Mesh )
. 3 A/m 24.44 | 21.96 | 16.03 | 7.62 | 5.15
specunens
4 Afm? 23.66 | 20.28 | 1562 | 9.94 | 6.47
28°C
5 A/m® 26.39 | 21.41 | 16.06 | 10.32 | 7.99
Average 24.83 | 21.22 | 1590 | 9.29 | 6.54
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¥ 3.26 No-Mesh @ Mesh A|gHe AF :EY ZAHUL vjw B4
Deposition
2 Deposition time 24 48 72 168 336
= temperature| Current Hours | Hours | Hours | Hours | Hours
density
Ca (wt.%) 5.45 5.23 14.81 | 19.03 | 18.73
48°C Mg (wt.%) 1439 | 1430 | 13.25 1.97 1.84
Ca/Mg ratio | 0.3787 | 0.3657 | 1.1177 | 9.6599 |10.1794
No-mesh
specimens
Ca (wt.%) 3.66 5.08 6.68 14.88 | 19.77
28C Mg (wt.%) 23.02 | 20.62 | 16.99 4.32 3.31
Ca/Mg ratio | 0.1590 | 0.2464 | 0.3932 | 3.4444 | 5.9728
Ca (wt.%) 2.32 4.14 2.02 9.77 10.72
48°C Mg (wt.%) 1254 | 12.32 | 10.00 6.38 441
Ca/Mg ratio | 0.1850 | 0.3360 | 0.5020 | 1.5314 | 2.4308
Mesh
specimens
Ca (Wt.%) 164 2.64 3.85 7.80 9.61
28T Mg (wt.%) 24.83 | 21.22 | 15.90 9.29 6.54
Ca/Mg ratio | 0.0661 | 0.1244 | 0.2421 | 0.8396 1.4694
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- Static Force : 30 tonf

- Stroke Length : =150mm (Full 300mm)
- Cushion Stroke : +15mm

- Operating Pressure : 210 kgffcm®

- Double-ended Piston Rod Type

- Capadity : static +30tonf

- Nonlinearity : 0.05%

Load Cell - Repeatability : 0.03%

- Zero Balance *0.2% of RO

- Safe Overload : 150% R.C

- Operating Pressure : 210kgf/cm®

- Rated Flow : 10L/M
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3 6.1 Analysis of calcareous deposit

on €0 Current density (mA/cm?

0.54 1.08 1.85 4.31

Na 0.72 0.85 0.78 1.03
Fe 3.78 3.46 2.60 2.12
Si 0.65 177 1.30 0.41
Cl 0.44 0.84 0.76 0.55
COs3 44.62 32.62 29.66 14.70
Ca 28.91 20.88 17.54 6.73
Mg 6.51 13.53 18.00 29.47
Sr 0.14 0.06 0.04 0.006
OH" 8.37 18.18 23.55 38.52
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z)=
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CO; + HO — CH,O + Oy 0
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I*N 2

CaCOs; + HyCO; — Ca¥ + 2HCO (2)

22 g H. R. England and R. H. Heidersbach, “The Effect of
T ° Water Depth on Cathodic Protection of Steel in Seawater”

Paper No. 172, Presented at Corrosion/82, March 22~26,
Houston, 1982
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Solubility products at 35 % salinity (mol/kg seawater)
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