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Deterioration of Concrete Columns under Sea-Water and
Strengthening Analysis
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ABSTRACT

In this study, the behavior of deteriorated concrete columns under sea-water before and after
strengthening with glass fiber composite and the change of behavior by the deterioration of
strengthening material are analyzed. In the analysis, the characteristics of concrete deteriorated in
sea-water, preloading effect, and corrosion of steel are considered. The result of analysis is
verified by the comparison with the experimental data. Using constitutive equations of the concrete
and corroded steel, load-moment interaction curves of both deterriorated and strengthened concrete
column are derived.

1.8 B

71 E3YE T2 A RZATEFT TEAEFARS FF AdF 2FYY AeH, A=
TEAMREGAZ 2749 E3YE FA T2 A #¢ A7 @3 AYH2 vt 29
U F2 7289 gy oM BEAd, AEdHE G2AFEFAN, AFHAUD, RFEAAY
ZEZb] 2HE 2E BFARY EAL 4% 484 A7V F/HE oFn Ut 2dx HA &
A ez 344 &4 53 HFRAED} 2L FF ANY TIYE 7159 4% £ BANF
HEaA stolA W 45 S nad BFAT AMd #8 AFE A5 WEFE 44

E}E}H E A7 E 7289 FHo goMEe SIYE 75E PR 1ZE BANAAR

FANRELAE AL BZaHE FHE7] AUT, A5 FANY 7T 354, BABolF
91 TE£ANEANS VI P Bk FHA APEE AL

2. 232 7|89 gsie Jrad

21 A9 Aard

Y SANN GBS Aol 93 FIo] BAHE AS AT 9 FARW ol GAAS
9 ARFE B vNA Bk B AFNE ojg e 24y A2 9% YL FHEY
3 Song 579 ATE 7122 s 4 (D~Q)F Zo] BdFPsd ALY ol By wE A
SARAS Cp, Coe 7188 49245258 22 198 11528 7t @ 28 olg Az @4

* A34, A4S 253, 47
x> A9, Ay 253, L
s A AAdSn 22 Fety, wf

200149% 7}& et Ed =73 1169



#az 1Y) Al 4 HASE, 4 @3 2 oW G FAE 1%l Bl 12%9Ee
AFFEst SAAFS FAS YeEhd 71&e) APAR2RE 122 ARy gr

_ . (100-Csa)
e T | )

(100160 C,a) )

(1001?)0C,, a) @)

A7IM, C,CaC, i BTN A% ZE, GHAT, VI ARAL £, 24 A2 P
% fy AW 29 FReY; B, BN 229 @4AS B, AR A2 wAAS A ®
NE 239 wnd; A, 229 IPVVH; o FAE (%)

Eﬁz ES

A=A,

22 £3dE ARRY

Ao ditg 2zl EY8L 93] Pantazopouloust Mills7t AMQhg Y29 w4 ¢t}
Fote TAUEE AT APHY FARLE Y9 722 o]gHALY o] BdoM UF ¢ W
FE(e)oll UE ZAYEY $EH(f)S e o] EEE & gtk

f& = Egee&, 4)
Eue = E, —1o— = E,—L— (5)
sec ¢ 1+ Bey, ¢ 1+28¢,;

oW, 4+ f= ¥ 2aUEY IHEHE Uehi: BAAZ HE, SaFoz A WE
edtlMel THE Y WYF o9 WHE UYHoE 45 FHE YAYFos YHoFE A
Ase] Thet ol AR |

& = —ve, — %(I-Zu)a'ew(-é-;““_‘—:f%)z 6)
714, v = TokHH; gy & —0.001 = MlAFH] A7) AFEA He BA UG AYE;
Fen = A4 WMEE ey=ea+e. =0 Yol 248 WAE; o = 09 - 10; £y = F4HA
2o TANES YEAE; &, = fo M FHHA Fe Tazed FPE (= 0002); 2z 4
(33)NA e, < eimd W McAuley bracket(<x> = 0.5(x + |x]))& @A AFPoz G}

Z dTNE BE £, et E S e Z3EY doty E49 oz gHsgon, g=
el EPHERZ A3 e, = .9 WSHE B2 AN FeT Lo] AL 4 gt

Ec/Eseco —1

2510
o474, Foeo = 2= ®)
1 , €ilim ~ € 2
o= —VEgp— (E - u)a Em(m) )]

1170 2001 % 7}& S id] =234



Aoz, dste) Aol meh BAAF, YFYE, T AYE] Fasl Fx, oo B g
78 Bk Bebd 952 A% 2aYEY ARY SYPESE L A E dAESE ol8Y
2o o8] ajajo] sl @k

3. 974 22d 232E SY-UHYEHA A4

31 AHHRY

2 A7 M= Mander %0 93 Aty $-MPYE Y& 7122 Spoelstrast Monti® 7+ AH&
3 A ARE o] &3t HAo|&L ANFr) Mander ol 4L T3l AT $H-UPE 2Y
A Fe &Y E(quasi-static)d F&HEFYA BF FEHE AHUEY $H( )2 A0 dA
Rejg?

. S X7

fe = r—1+x" (10

o714, x = ;C; Eoe = sw[1+5(f“ —1)] (an
___E. . = S

"= F.—E.’ E, = e 12)

A71M, e, = TE4E ZRYUEY HUFFAE £/ AM S3EY WYE
TF49 ZAYEY AULEAE £/ AT RE 74 4 f9 Foz ods Zo] xFAk

fcc f fl _
F = 2. 254\} 1+7.94— 7 fw 1.254 (13)

FE TEYYEL YT FZ MY oot 2 FESHY f9] FFE O Zo] Addoh

A,
fi= thod, @A 0= 45 a9

AN k, = FHEFH AL, s = GAI 3F (FHE2Y pitch), d, = FHI (AR 2)9 AE.
old, 4 AZo] hF Manderd EEE o] ol& WA @FHLE AFde FAAFERA
of g FuwE F&o A FFs) A8 A (4), G)F tEF 2ol gAl £ 5 U

Esec(ecrfl) - fc—(esz’_fl); EI(Ethl) = E%;EES(:E(EE';I{I) (15), (16)
a8 a e doz BEEH olze}t o
_ ECEC_fC’(€C’fl)
eleet) = g7 (e ) an
dg HUDERH FIANFELAY Y E g0l ANHL UW, 89 f, & & 5 Atk
f 2 Plfl P;E e/ l a17]}‘.1 P;— % (18)

o2 ¥ £ MAE e AUNE Bt g A2o) Adsed A8 F glen, frt 4D @&
o2 ¥ yrix uE ARE Pk 2 AA AFLS A §Y-AFE FANM G e o e b

20019 % 7hs geuas =84 1171



se,
AHA FTHYES dZ87] A8 & AT E Seible 59 Aol 2Aste] Yutsly A o
&3t o] AtsAT?

E=EmtCfiel, ;Z (19)
A HAA FEAAREGAY 5AU fu €. TFA AAEF y= OGS Zo] EHHD
y=-cf,e, (20)
4 Q0& (199 s ohe3t ol A EAY & At
Eu=Et 7 p‘ @1)

L‘L‘

2 9249 7 nlAse] 2AARE 29 19 2ow 29 2004 ALAS AWz vz

0.045
004 |
STEP 1 s b ] .
2aE AFPEAY S o e
ekl 1 o
70@s - FO R
. 4 experiment
0015 | - [ <A |
STEP 2 Aadus STEP 3 oo f o A *+-Seble et A(1968) |
R 4 | . f— ]
= ot oSt el B st 08 0.005 | - - <
ity R SaBEaY .
v.d, e ry=clueh a, b, cAA o 0.0001 P,
psffcc
I8 1 e, rol 2HIH 0% 2 Iey gl g HotAle] vl

32 HHEY Zﬁ%

31 A 47 FUMFRYA) 8l 2PY 2AYE ANRY) 3L A5 VAP
A4R3) v % FYHAT. A ALY B FAUABA 3] FEH e 650%
150x150 mm ¢ Atzhegel 2AYE JFolth ASE FAMKREAY Tadee BE L WA
Adst g B4 A9 49 A3 ZHY @42 gt TAYEL YR FAo| 477
Al&sls 9 HYE(e;n)S 00018022 71ASY D, F4HA &S ZazEe Ay LadAA
o MAE(c)F 0002 T2 B2 /15 AU Ao AAL B gl A AN
Atk 2L AYYGERYAS 258 1,2, 3 202 g AN H4 gl @ =ads
3 GEAES mobeHE da 15 MPa, 018713, FERETAY DFAES 4905 MPa, B
$E 24525 MPaclled, o' & 09, B 37148 ALYt 2 AU 1Y 3~58 B 2 A
oAM ALEE HUEY % UAE T 40 $Y-UYEFIH LY NP & & Ak

1172 200145 748 3w Es] =3



3

~N

tn

T

fc (normalized

{c (normalized)

% Tnomalizsdl

1 —— smnemesses
— Sl ‘ A =73
s At , A . wRRt

Qs = = Uooiind 0s = = sUomined M as
o Uroorired AIBRD | o Uoordned AlEZH
—ME Y | ——Martr®) 4

[ 2 4 6 8 0 2 L)
ec (namsized)

[ 2 4

6

8 10 12
¢ (nammslized)

"

2% 3 aMnt dEe vlm (1)

O8 4 siMnt AEe| ulm (24) 27 5 siAM HEel b|lI (3Y)

4. H35tet Kol o H5sA
FUAARERAR BZE E2YE 715E #HAE) A5td X ANE Azl #F AHEE
dg o] g3t 7t AR EAHE AYs, FUPARFEFA TIHE 715 7SS AL ¥
e sAste, slN o old @AM ZAY AREY $Y-VYE FAL U4 ALY
P-MAZAEE £&3ch & sy g8 E2E 7|59 Ads @de 1 ¥ 29 63 2o
E 1 A cia RCOISS M

Yt ,
A4 EVEl 7]
= (b) 150mm T *°\°’ é 1
#o)(h) 150mm h s Y d
A3E o) 140mm A,
dE=Fadold) 10mm l & o %
<133 2 F(As) 213.99mm”
43 EZFHAs") 213.99mm’ f.___b__>|
AZ 3 E2H({sy) 350.0MPa
22 B4 AS(Es) 186.0GPa a2 6 sAMA RCTIS 2| e

2 HadAE AFBge 9ol 99 2aee dust FAYFIIAE ol §E nF, 2w
uBsTe duzt eAH4oz BARE AT A4S FYsAch 2T WEe ANY HEL o
@ 7 Aze S4WE ® 29 2ol Aest

E 2 B8 HEE 8 232E ¥ M2, RUMFEERN 42

Properties Fiki ] A Sk BAAE | FEAHE

Concrete Strength (MPa) 335 27.1 27.1 21.1
Modulus of Elasticity (GPa) 272 244 24.4 24.4
Poison’s Ratio, v 0.18 0.21 0.21 0.21
o 0.9 0.90 0.90 0.90

- 0.00336 0.00336 0.00303 0.00303
Elim 0.00180 0.0 0.0 0.0
a (%) 0 10 10 10
B8 374 538 538 538

v 0 0 1160000 742400

£adEe $Y-AUYE BAA st 2¥ 79 Zol, PMARE it 27 83} o] Yet
9 Y AolM BE uie} go] AAF AHe ARV 42 Us 2 ol F2FE ¢ & At
A&2ZAEe AS 192%, ZHEL A 189%7F FAsA € Aotk M F& dHer FAHE
REGA olF9 R % 4% FHE RAFn Aot HAW 2 RFEH(E THI 93

20014¥E 71 SewtbRs =F4 1173



N F& A3 gol dadn. 24z Aed d@ £A4 ARE E 3% Zo] Ak

T s —
00 - —— Confined (3 #1)

! 00 k- e oo - - | ——Contned (3)(% 2.7 %t 2)

———Unconfined (% 8]

2 20000 | TN T T T = = = -Unconfined
s P i el GURER
2 / %m“—“"\.-_- o
' // [~ Contred (R j Dt
05 4 e Confirec(3 A 2, P 4R ] 0000 [ - - :
- -Unconfned(@2H) o0 b i
- ~Unconfined j
00 2 4 8 8 10 12 14 00 8000 10000 15000 20000 25000 30000 36000
3 M (N=m)
¥ 7 232 E ¥3 ¥ F&HYEse MY J% 8 232|E Yst 3 535
ug 232lEe SH-HHEE A vz dofl ot PM AtZtE o] B3]
¥ 3 232E ¥st ¥ PSS Mo wWE 2N E sjMH
Properties AA4E a3dH BAAE TELAF
Compressive load, P, (N) 903703 730262 1392823 1310793
Moment, My (N * m) 23407 18987 20373 28030
Ultimate strain, &, 0.0034 0.0031 0.0476 0.0367
588
& a7l 2ee den 2g
(1) 3% 2 E9 gt F&7]) 79 dE nddY s F S2YUE 759 BANSE B
G Bedoz AAssen, HAANE FANFITAD A9 248 EadE AFRYd d

T Agdste vjazie fNe g3 e AFaAch
(2 HF8 2R IEE o83t 4F daz QP SIYE 7|5 T ¢FZx T =
HES] Za R FAEAFRZAN AT el g & L AYRFEAFAE HHY + AU
(3) g g ZIYE %E}, BRAe €318 ¥ RC7ITY PMAPBEE =438ld 87 2 <&
go] @& A-4F AFE FIA

mqo

I R |

1. EHER (1997, BESHILLSE7 27— MEERM OR DYEEFHE R U HHICS T 5058, LR BEYEY, HrAs

2. Song, H-W,, Byun, K.~J. and You, D.-W.) “Evaluation of Retrofitted Capacity of Deteriorated Reinforced
Concrete Beams”, Proceedings of 4th International Conference on Repair, Rehabilitation, and Maintenance of
Concrete Structures, and Innovations in Design and Construction, ACI, Seoul, Korea, SP.2000, pp. 47-64.

3. Pantazopoulou, S. J. and Mills, R. H.), "Microstructural Aspects of the Mechanical Response of Plain
Concrete,” ACI Material J., November-December, 1995, pp.605-616

4. Mander, J. B, Priestly, M. J .N. and Park, R.), "Theoretical Stress-Strain Model for Confined Concrete,” J.
of Struct. Engrg., ASCE, 1988, pp.1804-1826

5. Spoelstra, M. R. and Monti, G., "FRP-Confined Concrete Model,” J. of Composites for Constr., August 1999,
pp.143-150

6. Seible, F., Burgueno, R., Abdallah, M. G. and Nuismer, R., "Advanced Composite Carbon Shell Systems for
Bridge Columns under Seismic Loads,” Progress in Res. and Pract., Proc., Nat. Seismic Conf. on Bridges
and Highways, San Diego, Calif., 1995.

1174 20014 % 75 4033 =84



