AT ke doe
oo Olias pudige
YAV Jle Y o ple ‘VA./\?LA ISTH

IR (S 9398 (9l 3w b 8 yuo (59 595 (S giol yU dbaly (w g 9
daw CHlas> g0 b o gwosd s 3 T

o . . 1 *Y . Y e R \ .,
d""‘b&:"""’"f)-ﬂ L;\.O»\wc Jg}\.‘g- 65|Jﬂuﬁ5|‘;\9gﬁb}s b‘}%ﬂ‘cw}bﬁ}ﬁ:

Ol G 5 e ol&il3 Ol poe pmiligo 0dSKls 5Ll )
Ol ) Cnis 5 o o315 Ol o pnikige 0SSl SLsliad —Y
Ol Cxs 5 e oS3 Ol jae pmniligo 2aSLEls Lkl —F
Olpl i 5 e ol&iils (odtlis &y e 5 wdige L3 ) wlid 1S 8

Olpl G 5 e oS sl g e 5 dige L3515 gl —0

shirzad@iust.ac.ir

KRYARVALY ERVIRY @Ju [/ Y/YY] sl s '@)U

Losbasl (Soos 53 U b S s a3l erlee olse 51 30 la ol S5l (68 sl o 53 o Sbli aihs JS o
Ol Lo S L oS1 5 o 65 95 S5 o e Bl eale a3 Shas agsy cnl 53 Sl g 35 2l 53 Chlis sl
s sl 5 (S3u Sad o o el SVl Ol b (50358 slaghlasl s b5 (Jsene o g S Sslite Olaces
SalS 53 (35 U ede o Bl sl Sl eslinal 48 sls DL ol A plowil lge cnl 3 Shas L5, sl SEM isbas 5 o
Aol bl slad gad a5 55k 4 s M‘)"'J‘.(’U‘ ol t)'“’-“)’ﬁdf’a‘}"' uJM)J.qV.:.sJ.:wL:s ) YR PV
e Cblis e 3 Shee Cindd G g0 b 00 Olowms 4 O s [l 531 s S, 55 Jled 50 3,05 64 atia U 5,50 G 5l 8
Ay e s e LS 3 1y egme O i oll & Bl sl e a5 Sl 03 sl LS S pimen S sl
odd Chlim 4305 5 DL o =00 b o CBli> 4503 L3 (S35 05 Al 53 58 L ns e Ol pee o3]S (310
35 3l ol (sls atia Olen 53 EP-SCC2 4 gad 5 i3 so |y ol 5l e o3lrl dald o i Cond 70 578 i 5 4 mS sl b

el 0313 OLES =YV 51 i el OS] 5 il ol (S5 Jled
O S O Sy ey plos o oelan Bl ._5..\.9:’;;!?315
s 54y o] ezﬁ&b‘&d\bﬁ)lﬁi&)jﬁ)w dondo —

S S S L"’))-‘“L‘JT uf’)}’.' Ndsere o5k & 5 SUS o2 e 5> S YL (al); Lo SO cale asdS glaans oo

3505 b Osmele S G155 o 53 gl Lass opl ST S e Slp ol Blas 51 ool L3 con Jases Ll S

193



UL 5 w3 59

e S pdds Oliee b Koo So) 0 sl el alaly o) 2

(Sl Bl s el g e CBl (e 5 e

2 Sl e,
G 5 s dlie o5 ool 53 g SV s
Gore 03 ddate Gbeesle sy 4 g L [12] o
el b s ol 55 0hs 4 e 5508 0 (Sa)
ghee o sbeosle el (LIS Gl abiesn o
S ol s b b CBlis g g il AL Ol
Shessls aa Glols lagh Gladlr Lot Gl £ s
ol 3 Shee nowl (2 g 5 SokS U o e
bl o 5 Ol s Ol b sp by Bl
234 (R 3 Dsbe slas Shos (S5 Olye (28 e

sl 0l s gl w0 s o]

G&lﬁf@l&jTMUﬁ—f
b ran pdlae V=Y

587 AU on Slm sk oal ool glags
ol o ¢ 5w Sl (Bl 3lse 3 Shes 2wl o CodS
b i U e s ol Slaal 51 S el sl
slapz rlnbs 2 @ole wl on b aglie 53 oS
S5 Olem o Ol s L (ST 5 555 0 555 55 Juld by
oShae ot sbagm 5l (S L alin byl = b L ools o0
53 el s 11 (V) Jadr 53 Ll b gl b S o
5 O ST o Al Ol S e oL

S0 a:Lé:...u\ wﬁ‘)&nﬂd‘ﬁ‘ m\:-)lS&.‘wjzﬁ)lw;;

g5 4 Blse Lyglesl (Sopp ayn om 3l S On
e ol ol dphe i (S5t oS sk Oles s
G Do L 3 Ll oS 25d e B SR 0205 S5
Fo o o 3715 e pn ol S S S
Lol (Sasp &5 Gl o Llos S e o hassy
{13550 35 Dopo a bosle o 55 o e

slse 5l eslanal s slasla (“)-" ol sl gy 5l S
[11] Lyl asbppml 55 [10-5] el o oo L~
S5k LB il &S 550 e s 4w w30
ol el el eals Ol (V) S 3 S s w0
L LS gLk 5500 slasds pLal =) ol £
Loz sl 5 La i =T LaodiiS's sloe

Sl b el 0j 0 cpl 02 S5 Qe 4 xS L
b b CBlis sl Sl eslinel &S edd asiia
2 RS O s Casb DSt Lasl JRalS s 6 St
[14-12] csls dal o

a5 i opl o edd el e asn 5l S
U Grass ol L3 [15] Gl by e OKes 5 wsds
&bwcyzsﬁﬂeuwu&%
A st el

Pol aor & ol e ol 6L S Shasn ol @b
ALt s b o a5 Slee (b c Bl
CS5b el antle 0 kS 4ty il glac bl
sy Sblis 8 SO A dane Ol w58 5 LS s

S e e Ll o 5 bl 2 plsil gl 4 sl

DNV T las sl = S55a sl ge —o 5 ST 3l gn =il 1 mbae Bl (sla by, plil ) IS

Fig.1. Surface protection methods. A) Hydrophobic impregnation B) Impregnation C) Coating.
194



UL 5 w3 59

e S pdds Oliee b Koo So) 0 sl el alaly o) 2

m o o M 6 ey 5 (S S 3 sl
W8S 18 Al sy e Sy S ek Chle gle
s DI 5 0555 5l ey G 53 S sl 250

)O)L«_w.u‘ﬁ‘@fj_:aﬁ).bfﬁo" SIS PURN
P S N = A ALIS FYE VRPNt R AU o
Jlasl s & gai o JS 2 o S0 o Dose @ 0
Wbl8 L g5 el Dol s 4 ol CBli sladisad A
Coaglie i U5 s eals 413 oliulesT glos s odiS U 5

Ly b5 e

s lesl Sgy =YY

36 o Lol sl il T—1-Y-Y

Ober Sbesl ol oS1 s o oIS (sla il
oolac oS1 35 oy el sres ke J a5 Dl
plomil [16] (s3lm st 5 (s coly Sl S 50 Vo= 5
s
030 o glid Caglie i le T -Y-Y-Y

YW slos U Ol w55 sl Jas 555 YA 51 e
G=b Ve o Ve e slaas e (g )Lis Caglie 4 s
Ol =l s Olidas 5 3l anso YY T 5 lilead
sl )sm el a gl &0l a3l A5 pll [17]
G S aasiie Cuglie Ol g 4l Sle 5 23S 5

W

o= o3 esla ’JJ—‘ui;—"‘Cn—“‘“ u_<._- dL,a.a
el 23 A S
S o0l U s ladilaSin 1ol s sbaailaKin
Dalan 3148 5 8 aslinl S g5 5l e e 14 Gl
RGSUH [PV V-V R PRIt
b g Lol 3l yise ol 1y gl
L el Sl e Osles 5 s eSS

am g Ll s e cbadliSn iladluSn byl
Glaalls Ol ol i bl e Cjb Cl9 (shuails gowwn
jYpQ\JS@fL;LAé.,\;{Awa (V) U 58 23S
sdd 03,50 (o g (S llas (s Anals 35 ml
G L oS 05 G 0 3] et 525
a5 ol 53 Vo) grlem (S5 S 5 (DS S
Ol s edd at o C\JJ by e cod A enlanul
o e e 0 03551 (1) ol Jsdr 3 ey
B A e I T B e B R
Sl el asdiS Oly, B g2 u\ﬂw&r.a.u as S b s
sl Gl Codlwl 0L o Ol 4 a8 A a8 S a5 s
D g

sbla o3l SRR (e bl sl e
gt cyan el 0l e3lizadl S gl 5 OLLS Sleam e
s obbe i sla Jnbesl dgl s Shee 155500

Lo bl = b 53 (S pllas suails owie 5 jtackes V4 ol ST L Ol b slons & b guals o Y ISS

100
o0
30
T0
60
30
40
30
20
10

Fassing Percentage(™a)

——A

—— g gl 520 AT

0l f
0.01 0.1

1

10 100

Particle Size{mm)

b o byl b 55 (Ko wlas g 413 (foie 5 jedkes V4 03101 S L 011 b b 7 b sy Gls omte Y Y3
Fig.2.Iranian mix design grading curve with max particle size 19mm and aggregate grading curve in

§&mples mix design.



e S pdds Oliee b Koo So) 0 sl el alaly o) 2

ol wle oS1 55 o plsil bl S 5N dgder

UL 5 w3 59

Plasticizer

Limestone Sample
(gfgzﬂéi%)e Aggregate(kg/m3) powder(kg/m3) Cement(kg/m3) Wi/C Name
1.32% 1496.57 150 450 0.45 SCC1
0 1496.57 0 450 0.45 NC
0.67% 1419.52 150 400 0.45 SCC2

Table.1. SCC samples mix design
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Fig.3. Sample preparing and test method of Corrosion
Potential and Corrosion Intensity.
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Jeorr < 0.2pA.cm-2 Corrosion won’t happen.

Corrosion is likely to

Jeorr 0.2 - 1.0 pA.cm-2 happen next 10-15 years

Corrosion is likely to

Jcorr 1.0 -10 pA.cm-2 happen next 2-10 years

Corrosion is likely to
happen less than 2 years
later.

Jeorr > 10 pA.cm-2

Table.2.Corrosion Intensity Range.
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Fig.4. Water Contact Angle test result.
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J-Ring(mm) J-Ring Index(mm) Slump Flow(mm) 28:?:;33]”1(,3;225;\/6 Sample Name
540 7 57.3 SCC1
560 8 44.2 SCC2

- . 40 NC

Table 3. Rheology and compressive strength tests results
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Abstract:

The surface protection materials have effective results to prevent concretes from corrosion. Reinforced
concrete structures have the potential to be very durable and capable of withstanding a variety of adverse
environmental conditions. However, failure in the structures does still occur as a result of premature
reinforcement corrosion. There are corrosion protection systems and methods to extend the long-term
durability of steel reinforced concrete. For example, application of zinc rich or cement based protective
primers to reinforcement, surface protection systems of concrete, Cathodic protection using sacrificial zinc
anodes, and conductive anode overlays within an impressed current cathodic protection system. In general,
the main duty of surface protection is controlling both physical and chemical damages to concrete in order of
preventing or reducing from steel bar corrosion and creating a coat of safekeeping against penetration of
chloride ion, carbon dioxide, oxygen, and most importantly water. According to European Norm, three types
of protection materials are existed based on function mechanism. Coating, hydrophobic impregnation, and
impregnation materials are these systems, and two types of them used in this study. In this study, two
materials of surface protection have used on the surface of three types of concrete. Two types of self
compacting concrete with different w/c ratio and one ordinary concrete with similar mixture design to one of
those SCC were used for estimating of durability of concrete. Epoxy resin and silane-siloxane were two
types of surface treatment materials used in this study. SEM analysis and water contact angle test were done
to study the function mechanism of surface protection material. The other tests are water vapor permeability,
corrosion potential, and corrosion intensity. Some of the results of this study is that using this materials have
effective impact on declining of corrosion potential, decreasing of corrosion intensity, and after all increasing
durability of concrete. As shown in this paper, all of the protected samples except one, until 49th week did
not have a sign of corrosion active phase. Increasing in ratio of W/C in the substrate makes weakness in
function of this materials. In the other hand, results of half-cell potential of unprotected samples show SCC2
with 0.55 wi/c ratio and NC with 0.45 w/c ratio shift from passive to active state in first days and SCC1 with
0.45 wic ratio attained its active state in 5 weeks. However once corrosion has started in SCC2-EP in 8
weeks, corrosion rate was lower than unprotected samples. In the presence of surface protection systems, due
to their ability to reduce water ingress in concrete, the corrosion intensity in all samples were lower than 0.23
MA/ cm”2. The results of water vapor permeability test showed that epoxy can decrease the water vapor
permeability up to 65% instead of unprotected concrete. In the meantime, silane-siloxane doesn't have
effective results in concrete breathability and have a similar performance to unprotected concrete. The results
show using SCC don't have much different effect on quality of the materials function instead of ordinary
concrete. Another important result is that protection materials which don't let to enough evaporate, are cause
of much corrosion in compare of those that let concrete to breath.
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