H ETTIAPAZH TOY TTAPAKTIOY
IBAAAONTOZ ZTIZ KATAZKEYEZ

Xapnc AmooToAOTOUAOC
EpyaoTipio
TexvoAoyiac kai Avroxnc Twv YAIKwy
TTavemoTnyio TlaTpwv




Ipwva gHe Tnv VSIS martom Sadiony @il Enfzaring , 29000
00TOC TNC ATTOKATAOCTAONC £PYWV UTTOOOHAC
Aoyw diappwoncg Tou o1dnpooTAioHoU
moAoyileTal 18 popéc uynAdTepo amo To
KOOTOG ATTOKATACTAGNG AGYW OEIOHIKWY
OUHPAVTWV.



TapakTiegc moAeic pe umépoxn O€a Kkai woAAG XAwpiovra




Karaokevéc oe ©OaAdaooio mwepipaiiov

Concrete deterioration of
bridge piles
Source: Road Transport
Authority (RTA), NSW

N 14629 kai ACI 2001 kaBopilouv Ta 6pla oUYKEVTPWONG XAWPIOVTWY
okup6depa. Ta Tumikd dp1o 0.6%, n mBavéTnTa e€dxvwong Tou a1dnpou
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Ppwon He PeAoviopouc
w dpaonc XAwpiovTwv

Awp1dvTa mpoepxdyeva amd: o
yTayovidia ©aAacaoivou vepou \

Iueon emapn He OaAacoivo vepd
TayoAUTIKA dAarta

diopgnxavikd appupd 0dara

Tupkayid PVC, aépio HCL



viouoc mpokAnonc Ouoiouopy A Fevikne Aiapopwo

co,
Opakwon (CO-2)
mtAuon Tou Ca(OH):

DI TAPAYOVTEC dnHIoupyiac
aKIKwyv R Bellkwyv aAdTwv
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EvavBpokwpevo
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Karappeuon oe Parking
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To CO2 mpokaAei evavOpakwon

IoTopikéc kai MeArovTikéc TTpoPAéyeic I
ouykévipwonc CO2 oTnv artpéopaipa H
[Mehta P.K. Construction Introduction V L
23, 6, pp 61-66 , 2001] !
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Historical U.S. Ready Mixed Concrete Production
on To 410
HHA O
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Source- NRMCA

$18-21 Billion / year spent on
Repair and Maintenance of
Concrete
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OKUPOoOEHATOC AdYw

diaPppwong Tou xdaAupa

oc d1aPopETIKA PAON




2 xoMalovrac 1o mpotuno ELOT EN 206-1

206-1 o1 pnxavikoi

I dldThpWVTAC TIC ] ; o
ETMIKAADYEIC e Carbonation Rate of Major Cities in Greece
OKUP0O£UATOC ol
Oa gHpavioouv
amo evavbpdkwon h
yvra  deTd amo 50

Age vz CreteHrakleio

Age vs Athens Centre

Age vs Kalamata

Age vs ThessalonikiCentre
Age vs Volos

Age vz Mykonos

Age vz Kifizia-Athens

Age vs loannina

Age vs Larizsa
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eAEOTAC pUBUOU evavBpdkwaong
o¢ £€kBeong oe £1n.
eheaTAC di1dxuong .

Ks kai Ds ouppwva pe Tov ELOT EN 206-1 yia 8idpopec kathyopiec £KOsone

Karnyopia £ékBeonc XC1 p (o XC3 XC4
KATAOKEUNG
Min. Cover (mm) 25 25 35 35
w/C . ; 0.55 0.5
Cement (Kgr)

K (mm year-1/2)

D (mm? / year)

T (years)



pHeTall HETPNOEWY PAC KAl Twy carbonation curves oUppwva pe Tov
ELOT EN 206-1.

Carbonation Rate of Major Cities in Greece

Age vs Crete-Hrakleio

Age vs Athens Centre

Age vs Kalamata

Age vs Thessaloniki-Centre
Age vs Volos

Age vs Mykonos

Age vs Kifisia-Athens

Age vs loannina

Age vs Larissa

K=3.54 mm year? (XC1, XC2)
K=4.95 mm year"? (XC3, XC4)
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C.Apostolopoulos et al, (article in press 2015)
Mechanical Behavior of Corroded Protruding Rebars from unfinished
Concrete Structures
Journal of Applied Mechanical Engineering

4— Atmospheric or / and Chemical Corrosion

4— Combination of Chemical and
Electrochemical Corrosion
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Length along the Bar (num)
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—®— Semi- Embedded (Diameter 12mm)

—B— Bare (Diameter 12mm)|

¥p=9.47%

R OB M =~ O W
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Protruding steel bars with an
average mass loss at about 4% of a

reference bar showed Yield
strength and Uniform Elongation
below the limits that are set by
the EC2 for high ductility steels.
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Emmrwoeic amd th ouvdeon d1apopeTIKAC KATnyopiac XaAUPpwy

The Impact of Corrosion on the Mechanical Behavior
of Welded Splices of Reinforcing Steel S400 and B500,

Gh.Alk Apostolopowlos, D. Michalopowios, and L. Dimitrov




Emimrwoeic ané Tnv ouvdeon diagopeTIKAC KAThyopiag XaAUuPpwv

The Impact of Corrosion on the Mechanical Behavior

of Welded Splices of Reinforcing Steel S400 and B500,

Ch.Alk. Apostolopowlos, D. Michalbpouls, and L. Dimitrov

o

Yield of 5400

Lap-welded joints of noncorroded S400 and B500, steel
bars in tension will most likely faill on the BS0D, speci-
men. However, an increase in corrosion level of 5400
will transfer the failure on the corroded bar. In addition
and even though the maximum sustained force presents a
small redoction the elongation at maximum force 18
reduced considerably,

S 10
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Bl (e
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PikMi

Failed point off the welding

2y
0 I - Ddays failed material B500c
20 4 2 - 15days failed material 5400
3 - Mdays failed material 5400
20 4 - 45days failed material 5400
5 - 6ldays failed material 5400
10
0 I ' I I I ' I I I |
a ] 10 16 20 26 30 a5 4]



[uTtiKA attown d1aToung Tou XaAupa B50OO0c
MapTevaiTng

PepITOTTEPAITIKOC TIUPAVAG



TTeipaparikh Aiadikacia Aidppwong «yupvv dokipiwvs»




TTeipapartikh Aidppwon eyKIPwTIOHEVWY pAPIWV

> TTeipapaTikég dokipég ae 200 dokipia omAiopévou
okupodépatoc BH0O0c &8, 810 & &12 péxpr 180 nuépeg oe
©dAapo aAaTovépwaong .
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E€éTtaon Twv PeAoviopywy (pits) of steel B500c¢ , 10

Mn diaPppwpévn
TepPIoXN .

Otocic pe €vrovn
onueiakn Aiappwon.




MeTaPpoAn TnC KaTd pAKo¢ O1aTOUNG
diaPppwpévne papdou 10




E€étaon Twv PeAoviopwy

1 ATteikovion PeAoviopwy dokipiou xdAupa (a) yupvou kai (b) eykipwTriopévou.

PR 2 1 03 08 04 02 O ¥an 15 1514 12 1 030804020 08 04 02 0= ¥
“MAX % ‘ "l min ; "& A | MAX
x \ o2 , '
|
. |
=S = \‘\\\\“\K‘\ ///Jm—\\xk—_\
// i:\ &\\;//
(a) Btnee\Specirr@/ (b) Embedded specimett
\/ \\\\\\ \\\J

a Tnv id1a amwAgia pdlag , Ta «yupva» dokipia
EVAVTI TWV «EYKIPWTIOHEVWY» KATEYpAYAV
evrovoTepa PAONn peAoviopwy.



MéTpnon PdBoucg Peloviopwy ae Evrovo TtepiPdAiov diaPpwong




E€étaon Twv PeAoviopwy

d)aiwaon Kai oTnv gpyacia
olopoulos et al, 2013. "Chloride-induced corrosion of steel reinforcement - Mechanical
ance and pit depth analysis”, Journal Construction Building Materials 38 , pp. 139-146..

b

ATown smioaveiakwy BeAoviocuwy (a) vuuvwy Kai



a1 EDX - B500C Aokipa avagpopdc dixwce didPpwaon kai Tdvuon

f

d

C. Apostolopoulos 2010, «Inelastic Cyclic Behavior of As-Received and Pre-Corroded B500c
Tempcore Steel Reinforcement», International Journal of Structural Integrity, Vol. 1, (1), pp.52-62.
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nko¢ Toun doKipiovu xaAupa avagopdc dixwce diaPpwon kai Tavuon

corrosion path

EHT =30.0 kv ruj.l. octuction . ) FOTH_ R

(a

m Mag = 140X




B450C E€wtepikn emipaveia xaAupa (5% mass loss) dixwcg Tavua

Apostolopoulos Diamantogiannis et al , (2015)
of the mechanical behavior in dual phase steel B400C, B450C and B500B in marine environment,
Journal of Materials in Civil Engineering

Crevice Corrosion r AT Pitting

EHT = 15,00 k¥ Date :28 Jun 2011 ) - -
WD = 8mm Time :11:59:15 FORTH/ICE-HT f?oapgm- 183KX EHT = 1500 k¥ Date :25 Jun 2011

Zeks SUPRA 35VP WD= Smm Timw :12:01:52
1A= M Reducton = Plzel .
Signal A = RBSD ks el Avy Signal A = RESD Noise Reduction = Pizel Avg,

FORTH/ICEHT
Zelss SUPRA 35VF




EDX - B450C EowrTtepiki BAapn dokigiwv (5% mass loss) dixwc Tdvuon
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EHT = 10,00 kV Date :28 Jun 2011
WD = 8mm Time :13:26:18

Signal & = SE2 Noise Reduction = Pxel Avg.

kd 6424 10 pm
SE MAG: 4263 x HV: 15.0 kW WD: 7.7 mm

Apostolopoulos Diamantogiannis (2015)
ssessment of the mechanical behavior in dual phase steel B400C, B450C and B5008B
in marine environment,



B450C E€wTtepikn emipavela xaAupa (10% mass loss) di

Apostolopoulos Diamantogiannis et al , (2015)
of the mechanical behavior in dual phase steel B400C, B450C and B500B in marine environment,
Journal of Materials in Civil Engineering

FORTH/ICE-HT
Zeiss SUPRA 35VP
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Emeaveia ©pavonc amdé EpeAkuapd

"
N L . ) = A < 3 » 23 . - 4
= Mag = 1.10KX = :
EHT = 25.0 Date :19 Apr 2012 FORTH/ICE-HT i EHT = 2500 kv Date :19 Apr 2012 FORTH/ICE-HT
WD= &mm Time :12:13:54 ! WD = 8mm Time :12:17:52 i
Signal A = SE2 Noise Reduction = Pixel Avg. Zeiss SUPRA 35vP Signal A = SE2 Moise Reduction = Pixel Avg. sles SUPRA 33VP

nupepPpaiwon TnG HEPIKAG amtokOAAnong

.
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Ta amoTeAéopara yia Toug XdAupec uynAng oAkipoTnTag (dipaaikoi), avadeikviouv
Tnv.onpacia Tng didPpwong oth OOHIKA AKEPAIOTNTA TWV KATACGKEUWNV.

O1 apxikéc aTéAeleg (omég) atn dopn Tou XAaAupa kaBwce kai dAAa eykAwpiopara
TTWC evwael¢ Tou Bciou (FeS, MnS) umo diaPpwTikd TepiPdAlov (XAwplovTwy n
Kal Thv UTtap&n udpoyovou) peyevobuvovTal.

Y16 ociopikd oupPpdvra, Ta eyKAwpPiopata autd cuvevwvovTal He dAAa eEwTepikd
pits ouvioTwvTag crack initiation. H avaAuTikA TTpooéyyion TETOIWY KATAOTACEWY
Tpayparomoleital péow piag void growth analysis and or fast crack growth.



AVAKUKANOEIC HE HIKPOU €UPOUC TTAPAHOPPWOEIC
£Tion Tng didpkeiac CWAC Kai Tou eUpou¢ apapoppwong (Zuoowpeuon PAAPNC) .

1000.00 um

Strain amplitude, %

| 0_3

——0.5
—=—0.75
— 1.0
—— 1.5




2EIZMIKEZ $OPTIZEIZ

voxETion Tne didpkeia¢ CwWNC Kail Tng damavwpevng Evépyeiag.
000 ~

500 +




Available online at www.sciencedirect.com - .
Construction

2" ScienceDirect and Building 2 EIZMIKEZ
MATERIALS

B o POPTIZEIZ

Aiapkera TWAC Kal péyioTn
cal behavior of corroded reinforcing steel bars S500s aquau[}avéugvn Bquun
tempcore under low cycle fatigue (epeAkuopdC Kai OAipn)

Consruction and Building Materials 21 (2007) 14471456

Ch.Alk. Apostolopoulos *

80%Fmax

ANV . Emin



2EIZMIKEZ OPTIZEIX
didpkelac Cwng , paBuol didppwong, amdéaTaong cUVOETHPWY, GEICHIKWY POPTITEWV.

Grade ATiwAeid Strain amplitude
Malacg +2.50 %
62 8%
= — Aokipo 33 | 17 |
| A : cycles cycles
'ﬂ_l\; S_T/I;ESS B5OOC VC“pcao — y y
5% 21 cycles 16 cycles
STRAIN (%)
4/ S/ 412 .0 1 e o]l o




TTpooTacia xaAupa

Xphoh xaAupa emikaAuppévou pe
aAoupivio Héow Thgjsxvo/\oviag
Flame Spray
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jiannis Apostolopoulos (2014) , B0
| Behavior of B500c Steel with an ‘é
yer Coating in a Marine Environment, = 10
aterials in Civil Engineering ASCE &
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TTpootacia Y¢iorapgevwy
Kartaokeuwy

pHéow EmIBeWpNong Kai £mIOKEVAC oUHpwvda
ue Tov EAOT EN 1504



KATHI'OPOITIOIHEH BAABQN

HINAKAY AEIKTEYX BAABHX AIIO AIABPQXH

AEIKTHX BAABHX X1a0pun I X1a0pn 11 ZraOpn 111 X1a0pn IV
100¢ EvavBpaxwonc/ Hayog EmucdAivyng <0.2 <0.5 <0.7 >1.0
iowo Babog Zuykévipwong XAwpoviov * / 0-0.1 0.1-0.7 0.7-1 >1.0
1o Emucdioymg
\EKTPIKT AVTIGTOGT) ZKUPOOELUATOC >20 10-20 5-10 <5
Ohmcm)
1M Hu-duvopikod SHE (-mV) 180-220 220-290 290-350 350-450
Ouoc AeBpwong (uA/cm® ) <0.1 0.1-0.5 0.5-1 >1
con Avtoyn Zxvpodéuartog (MPa) >30 25-30 20-25 <20
etk Yypacio Iepipairovroc (%) 0-40 2 40-50 50-72
n0uoc Hpepav Kpicune Oeppoxposiog (°C) 0 10-20 30-50 >50
 YKUPOSENATOC 10-12.5 8.5-10 7.2-8.5 <7.2
10u6c Huepav Awafpoync >2mm 0-10 10-30 30-50 >50
\ATOC POYU®OV (Mm) 0 0.1-0.3 0.3-0.5 >0.5 (spalling)
toAgwa Atatoung Oniiopov (%) 0-2 2-5 5-10 >10

.. okvpodéparog) , ¥* > 29°C




étpnon HAektpikng Avriotaong (Electric resistivity)

TABLE 11.2 Relationship between Concrete
Resistivity and Likelihood of Significant Corrosion

Likelthood of Signihcant Corrosion
Reststivity, k- cm (Nonsaturated Concrete)

>20 Low

10 to 20 Low/moderate
5to 10 High

<5 very high




IXETIKOZ AEIKTHE BAABHZI AIIO AIABPQXIH

CDI(Corrosion Damage Indicator) = Zf REEb L il
n

IMINAKAZX 2. APAXTIKOTHTA TTEPIBAAAONTOZX EN 206-1 EYNTEAEXTEX BAPYTHTAZL, EA

Katmnyopic | X0 | XC1 | XC2 | XC3 | XS1 | XS2 | XS3 | XF1 | XF2 | XF3 | XF4 | XAl | XA2 | XA3 | XMl XM2 XM3
Bapog 0 1 1 2 2 3 4 2 2 3 4 3 4 4 2 2 3
AITAOMMOIHMENOZX AEIKTHE ATABPQZIHE
SCT = CDI + EA
EA IAMH - XS3-EA=4 l
STRUCTURAL INTEGRITY INDEX
st z(m s EJ
My (Lloyds - Register, ACI, FIB)
where CF Structural Member Capacity Factor (CF should be < 1.0) Rg
Xpévog AlaopdAiong 5-10 YEARS
n=4.0 for Importance Factor 1

n=3.8 for Importance Factor 2
n=3.5 for Importance Factor 3
n=3.2 for Importance Factor 4

Xpoévog AiaogaAiong 10-20 YEARS
n=3.8 for Importance Factor 1
n=3.2 for Importance Factor 2
n=3.0 for Importance Factor 3
n=25 for Importance Factor 4
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on Avooiwv

ng vaAPpavikng mpootaciag paciCetar otov lo Noépo HAekTpdAuong Tou Faraday.

¢ ouvoia¢ (m) mou amoriOcral, eAsUBEpWVETAlI 1 LIETAOXNWATICETAlI OTO AVTIOTOIXO NAEKTPOIO
d Tnv OIdpKeIa piac NAEKTPOAUONG eival avdAoyn TNG moooTnTac Tou NAEKTpIKoU @opTtiou (Q) mou
Epvd TO NAEKTPOAUTIKO drdAuua. " 0 M

A (1)

n pala (oe gr) Tou avodiou TTOU KATAVAAWVETE yid va ameAeuBepwBouv Ta NAeKTpOVIa.

JOTNTA TOU NAEKTPIKOU YOPTiou TTou Tépaae amod To hAEKTPoAUTIKG didAupa (Q = I*t) oe Coulombs(C)
v I eivai n évraon pevparog oe Amp kai T o xpdévog ae sec.

0 HopIako PApog Tou KpduaTog Tou avodiou ae gr/mol, oTnv mepimTwan Tou kaBapol YeudapyUpou
givar 65.38 gr/mol.

OHOC 0B£voug TWY 10VTWVY.

E3

YTTOAOITZMOZ APIOMOY ANOAIQON

OUOC avnyHévne Emiaveiac omwAlogolU wtpoc mpooTaocid.

esign=ECC * Am6doon Avodiou.

Tal amod Thv emiAoyn Tou Buaoialopevou peTdAAou,
avodio yeudapyUpou Zn , ECC= 780 Ah/Kgr.
yn Avodiou :




Avodiou ava wpa KaBodikRc. XpovoemApKeId ava KIAG.
e Consumption Rate h/kgr.
,design (Ah/Kgr) / Icorr,cathodic

Icorr, cathodic = At * Icorr * ZA.
At: avnypévn emigdveia omAigpov.
Icorr: mukvoTNTAG PEUATOC.

ure Category Cathodic Protection Cwrent Density (mA/me) ZA: ZuvteheoThg Aopaleiag. (1,2 - 1,7)
| Carbonation
ynation Class Partially Carbonated Fully Carbonated
XC1 0.2-0.4 0.2-0.5 Emidoyn mukvéTnTag pevparog I corr yia
' TNV __mpooTacia KATAOKEURC.
XC2 0.2-0.8 0.4-1.0 YmoAoyiopog anaitnang FaAPavikng
XC3 02-04 0.2-0.6 TPOOTACIAC 0€ TTUKVOTNTA peUUATOC.
XC4 0.2-0.5 0.4-1.0
Chlorides from Sea
| Cl<4.,5% w.t. cement Cl >4.5% w.t. cement Avodiou.
X51 1-5 5-20 ECC : Nominal Electrochemical
X52 0.5-2.5 4-20 Capacity (Ah/kgr)
X53 5-10 10-20
Trpical ancd
Ypical anode
" I:':::? P‘z‘:f”g:ls‘(;‘:" \::E:: c-rfe:t d_;n!it_v Tomog Aln‘g.':;pog :r::g Bapog “u;p"lm AvoBiou (:maprz:zg:::f‘:ftpf;oma
L GP-Z-50 40 80 50 a0
7.1 -1.10 P 780 05-2 GP-Z-100 50 30 100 79
27 -L.15 /' 2700 0.6 2.3 i " - " "
1.7 ‘ -1.55/ 1230 15556 ‘((;, Sintsne Frotection

Napéapstpog ECC AT PROTIC TN SY RTINS

hemical Capacity (Ah/Kgr) SO Gt e s ‘




ANODE (ZINC) NEGATIVE CONNECTION =0




O1 2Zuvérelec TG Zelopikne $opTionc oTnv
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opiag C20/25 kai xdAupag aidnpoomAiopou B500,

)00ENA

25MPa ,

> Poisson =0,20
’9GPa

Pac
500MPa & f,= 600MPa
> Poisson =0,30

00GPa



Cement and Concrete Research

Volume 32, lssue 8, August 2002, Pages 1313-1313

Evaluation of the bond properties between concrete and
reinforcement as a function of the degree of reinforcement corrosion

Han-Seung Lee™ & B Takafumi Noguchi®, Fuminori Tomosawa®

3 Department of Architecture, Advanced Structure Research Station (ERC), Hanyang University, L271 Sa-ldong Ansan, 425 79
Kyunggido, Seoul, South Korea

3 Department of Architecture, Faculty of Engineering, University of Tokyo, Tokyo, Japan

: Department of Architecturs, Faculty of Engineering, Hokkaido University, Sapporo, Japan

H didappwon emnpedlel Tn
ouvdaegeld peTall omAiopoU Kai
OKUPO0OENATOC.




10 D9 1 D10 12

o
.
m
1 p3 B 14 D8 15
o
o
™
1 [z D5 8 D6 9
o
(=]
™
4 D3 5 D4 6

3.00

Tepvouoa Baong (max) Lh o bow L

3 K3 K2
(s ]
P _hs 17
W1 5.50 3 450 2

e\ BALONC




Base Shear {(KN)

500.00
450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00
50.00
0.00

.000

019 -

038

057
076

095

114 -

133 |

152

171 -

0.19
209
228

247

266

285 -
304

323 3

Qopéag 1

Qopéac 3

—— Agtoxia K2
(V)




Ta oupyttepdopaTta evOC «OTITIKOU
eAEYXOU» UTTOPEI va ETTIPYUAAOTOUV
EKTTANC €IC.

IdiaiTepa 6Tav ouvdualovrail amo
TTPOWPEG KABNOUXACOTIKEG ATIOWEIG
mwg: «Pwypég dev gaivovra, ....... q

KATAOKEUR €xel avTéE el Toooug
ociopoUg.......»




xailoAoyiko Mouacio ApyoaToAiou (2007), mapéti eEwrepika dev eppdvile
TIKEC HIKPOPNYHATWOEIC Kal XpWHATIKEG dAAoIWoEIG, aviXveuoale évrovn 6|abpwon
1a d1aTtopn¢ 19-28% oTov KUPIo OTTAIOHO) ETTIOKEUAOUEVWY UTTOOTUAWLG
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To ApxaioAoyikdé Mouaceio

ApYyooToAiou HETA TOV
ociopo (2014).




o ApxaioAoyikdé Mouacecio ApyooToAiou HETA TOV OEIOHO
(2014).




O1 2Zuvéreiec TG Zeiopikne $opTionc oTnv
AowdAcia Twv Aiappwpévwy KaTtaokeuwyv

wolaletar €va e§eAiooopevo weipapa pe 10Topiko amd 14 opadec KUKAwv
POPTIONG EAEYXOHEVNC Tapapdppwonc . Apxiko Drift =0.15%
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mAiopévou okupodépato¢ 30*30 cm, Uyoug 1.60m, 4816, 288/25, emikdAuyn

cm (C20/25 , B500c) mpiv kai pgetd th didppwon omAiopoU 14% - 21 %
lN
ﬂi—v

-[')R'IIF'_‘_' (-'Aj)l .'.-'_.'._m | L

80 -




TWOoN TNC HEYIOTNEG avToxXNc katd 35% kai Tng ouvoAIkAC didpkelac CWAC
1r£:pi1rOU 50%.
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