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Marine structures



ool 1o b s by sldame 1o Boas 0,5 e 4 ae,T o slaojle Sosl
a5 355 00 bty iSI (50,55 (58 Sl (Tl (b wloe So7s a ey o 1) G sleSd
B g 5 Coglie @y 18U Cge g 0ols S35 Ce e ) glojle )L, (S5

.Qb)f‘sa ojlw

dor 3 o Canslin el o5 095 ,Shae (53, 1 ply Slighons ST 223 s
2 Vg8 (F0,55 & by plys 51 LIU bl Sy pole o 50 g 00l 55 eie Liilalga
5 Ve Fo e 5l Lol plgs Ol il cde bl oo bl 5 ol sleosle o
Gl ool 0525 as (damee Loyl g oy (65509555 40 4 Gl £ gite Ol pdd s oy sloo sl
08,5 oo 0 Ll Ll 5l S adlol jo aS

B o catsS obyl S ojg, YA Caglie L ¢ o 310 5l (55l 40 aSolxl 51 )
C3S (6lJs a5 wiloads azsles VL Cngliia 13 0] s 4 jokite 4 (g0 (slilaras 1) 15,15 s
e g Glowms 4 O S (iol33] el Ll 0nl (65,5 4 catil o (st (05 9 YL
S Gy Bl S elS el e 55 ol 950 b Sute 0 englie S s,
Mgl g0

0> B (S Jhbg Cwls a5 99d o0 (orw dine g oLl ik 4 oliws ol Y
S oy bl S0, Djee (S LB b s opl a3 00 0 1 sl LRalS oSl



G5y 2 650 el Ko« plasle sl o o eslinl pad Jglate e 4y Y
aibion S sl S95 (B yme ;3 MalS (2 by 5 000,55 2] s ela
Ll Sl Lame o a5 ol 5 obys sloosle jo oo 5l eolinal al5dl cle o —¥

o8l (Soyem Bl 5e ae)l i Gleesle s pducal w0ig Jgene a5l i SIS e clale

0 iy gl (59, YS-")' sasd g 5,5 kS 5 g0 wlal o (Soye5 5l LU o>

S e ol (0 Sl b 5 e 5 035 Szl b e 5 55,55 g, 4als] Sy 3 g e
4 LS5 nl ogdoe OVsh (S 1B (5yme 10 5 S gy (b 0aIS Crge g oad sl de)
J i 55 Ygame el (ol il (53,55 SNpans i G131 1 3L slo 23 ol
Byl 15 LS & jslome o a5 olacl b g wile o 3l SYsb e 4 T 45 Cush, o5 o5l

Soad Sis g 5 o 0 by W)l (Sidee Cools S0 hSed @ea 4y o3k hiles &5

.oo)f‘_;a ool .»).5‘59)1)3 ‘5”53.0

Slog pene @2ls (oyxe ;0 SVsd (bg (0D I g (19,55 S5 L A o
. - o T ke ‘. T < P S
GelS Dol a el She v 5 (Kwg Cwglie (955 aaldl g 055 o0 )15 0 >

Amosnwo)||)o?dblfg)l.olfmjw%ué\jw)d\P@u)jub

plgd bl p (>yb pg3l -Y-)

! Architectural concrete
2 Rust

3 Corrosive Ion



LalSul o logas (Jolow 4o da,] o glaole 5l oolitul a5 el 4y a>55 L 0350l

5 plgo b ae,l o ojle 5l eslaul L5 wo,S o 58 5 cus GlaasT slpilase 5 obyo slaejles
ol Bas S a1 laosle nl 53 5L5 350 e yae il 4 gile)T (S5
Gl JFS by esd cwyp JlS pob oy cnl 5o S5 else (eled b cnlpli 09 o
ol 03950l A5 09 so samlice 13 ol atily 1) p3Y dihe yas 4 5403 b (slojle ¢ Jelge

9 as ‘S’LQO)LAAJ 3 Logm? 9 ob; \..\4..) JJLQ_; 'a‘so LJ“’L“" 2 ‘5>|)_L, Coms & ‘5>\)_L, 6[.%4.0[4

Ailos S Jlael lal L Kiew sloinogaze ¢ aioys Dl g0 dil ual 0,95 Sl

Skl i 5 (Foyss 3l byl cliblos ol o 3 (slasslo auie e )l

el gl (0,95 51 ot slomnn] ) 55l
03w HLd) » (59,95 »Il -V

dei5 Sl jo all 0 L9k, Shbl s olls laowe cle 4y a5 0 (o Sole,l og Jd e
Ly a5 (Foy55 DIl g 25800 T (F005 5 a8y 5l 1S ST 60 5 05 (s

Hl o )le W35 o0 03le dbe jes alS
SR Oy (39,95 S 5 -l
Nz Ceaglie 28y 5l -0
15! plaie plaw (LalS -z

&S Jolomo sloonnST a4 o1 o ows g ool gemlannST 5l conl O )le [ g5le,T (55,95

Ll 505 5 iS4 oad adgs ol 55 abiond oS 5 g o spels 53 Dl

1 . .
Service life



09 i lly 30,8 S5j (5995 DY game ls o jls (K (9,05 leedsSTly » Fie ae
30 ST oyl e KU Al oo 00l B ya0 Q.afl 3 S i o> shls 50,00 (6 xS auls 4
5wl adh) wils, o] e by Ay g ol oy, Bl jlas bl caels )93LA)T Sl bl

(D20 7, CBeSy (S0 e a4 el Sl
0dds 1 G o 31 51 0 0,95 S el ol B cpl 1 s sad ol Sl Lad

Sedige i gk 5o Hgleyl slaal o LLS ol Ghled carge (9,95 W) asldl s 40

00,5 oo (srmwg Al j0 (ibgy (ad L0Mie g aub 489 el o Sl e j0 g

Soys oS Gloy B (5005 g5 (nl o a5 wilee Sloja (53,05 (9,55 Koo S8

Slojle Sl cayp 0 05 co sodlin > 13 wlis ma aib said 03,65 ekl 5 LY
S SlESe (S5 0 &S Lz e ald B Oolis (5005 g9 90 (nl i &5 Cenl o3V (I 55
ghie gl ol 10 5 (Kiwgy Cwglie (2al5 5 G 065y oo Sl a5 de ael (LG ol o
9kl (Sab o5 g el o 1alS Lo slojyi (F3,95 10 45 Sy 40 W 0 & 5l
a5l b0 pS o0 Ojgo it 05l Wiz b (Kiwsy Sweglie n (53,55 25U 09800 oanlive
o s oo g 5kl Gzl o g Ji8 Boyb 5l oo 5iley] 5 i e gy Jlil AT 4,
)l 1als ol @ g ile )] pad 03,55 1 0,5 o Djgo 0 g giley] o Sasl G4k
RalS el o (50,55 S g (S0, SVsame | jgile] mlaw Gk ety gile)] sl
ot SRS jgame 1l (il 08y 9 0055 S5 Djge 50 Mgl oo (Niwgny Cuoglie
5 0% S5 &S IS lgiee W oghior b (Swsn Cuglie Sl adlie g 48,

b oo gehns (5 sloosli dnbe jas (L S 4 gty 5 (b (B (0SS
8 Lidgy 0,95 Jfﬁmbsoghwljiba*bussa&gu)—l Sl don

DS o5l ik cudil o g BB 5L il )] 0,k cud il g adalie mhaw talS 4SS

14



S5 3l o3l ozl sl ;K0 b aglie 4o ys3le T alaie baws L2alS l by ams oo £

Sy 58 518 Az g8 Oy90 yieS g 00gu 095 oYL Cosal

Gl L by 09,95 S5 plej D oS el oad (et alfiales] Slisios gl

Oley Do izmed b oo Gl i (oAST Caaglile jo Rl g ibe Cuelies a8l (s
5 Slastin (jedd 5 03g odije> laxs g5 4 ally Dad 4 Glds Gy 5 0095 S
o5lo 4 08l (lomnl (sw) 2 Slp colio SIS Jae &l )3 8 (gl o je5 Lo o

il e

e @l 5 09,55 S o ilizs glayully Sl Gl pacds Geios (l sl 5 S

el Joe mllo b as 1> all oo alides slaojle jo  So,05 Ol o Gl ¢l g edos

Joadlygiws G 4y g 0090 (qwy LB Glaojls lp 1) (F0,05 e gbaie g o
28l s bagie g o odiye byl b lodare 50 aa sleojl (b (ol mel

03,95 sl ygile,l elad blul cio i Sqzr o3 Jlo iz o alfaslej] wlidos

OB Om g Saaglie g o e (S0,95 S5 p oS L o gy 2 ol by eads

Todd ile ancd (F3,05 5 ol muyed SO £55 59 Bowee a5 Cewl ond plol Lg3le,T

;b..:’u“ J.za\ﬁ.c .'a.wﬁ.a 03l duuss )93[.0)"5 S Aged ol &0 ‘;o)g:} ul.w.:Lo)—‘ Je

S5 Lol 5 (s 09 o wsloy Glide else oy 4 g od; (F955 Rl

1 .
Accelerated corrosion test

2 Simulated corrosion test
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TABLE 1 - SPECIMEN DIMENSIONS AND CORROSION CURRENT LEVELS
dimensions current design corrosion level
specimen | Cylinder Rebar Cylinder | i 1 2 3 4
diameter | diameter | Length week | week | week | week
O | @ | (i
mm mm mm mA A/m2 % % % %
CsRI 102 19 203 75 6.16
CiRi 152 19 304 115 B.16 2.5 5 75 10
CsRs 102 9.5 203 20 3.29
CIRs 152 9.5 304 30 3.29
Corrosion level (weight loss) according to Faraday's law
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Abstract

Service life of concrete structures in some environments is limited by the corrosion of
rebars. In fact, the corrosion of reinforcement is the oxidation of steel and formation corrosion
products such as hydrated magnetite and ferrous oxides, some of which occupy much greater
volume than the original iron. These products cause internal pressure and cause cracking in
concrete cover. The end of service life of concrete structures is usually considered as the
cracking and spalling of concrete cover. At this stage, reinforcing steel is directly subjected to
severe corrosion condition and bond strength is considerably decreased. It can be seen that the
estimation of cracking time in concrete structures is very important in the design of these
structures based on service life.

In this thesis first, a lab specimen is modeled using finite element method, in ANSYS
software. After applying internal pressure, due to the formation of corrosion products, on the
existing holes in the model, the required pressure to cause cracking is obtained. In this study
concrete behavior was considered as multi linear isotropic hardening in compression and
smeared crack in tension. The obtained results were in good agreement with the lab results and
showed that in models with similar geometry and mechanical properties, the more the thickness
of concrete cover, the more required pressure for cracks to appear. In the next step, based on
some existing models and the FE model developed in the first step of study, the required time to
produce a crack was evaluated. It was found that the main effective parameters on time to
cracking is the thickness of concrete cover, rebar diameter, modulus of elasticity, kind of
corrosive products and corrosion intensity.

Keywords: corrosion, finite element analysis, reinforced concrete, service life, time to cracking
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