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Abstract

The intensity of damage in concrete structures has a vital relationship to the position of
concrete respect to sea level. A hydraulic model consists of a channel and a wave maker
machine capable of making regular waves with various heights and periods, has been designed
and constructed in hydraulic laboratory to simulate the marine environment and conditions in
this research study. The Oroomiyeh lake water and controlling the temperature of channel in 30-
35 °c range were used to reproduce severe corrosive marine environment. Different water/
cement ratios and different cement contents were selected for reinforcement and plain concrete
specimens. Furthermore, silica fume was used as supplementary cementing material.
After standard curing, these specimens were kept in different conditions: submerged, tidal,
splash, atmospheric and outdoors.
A series of tests such as corrosion potential measurement, electrical resistivity and
reinforcement corrosion intensity, chloride ion concentration and compressive strength were
carried out at different ages. In this paper, specimens’ durability in different zones have been
investigated. Results show that in view of corrosion the splashing zone has the worst conditions
and in submerged condition, because of thin air, although corrosion potential of reinforcement is
high, the rate of corrosion intensity is low.
Keywords: concrete, coastal structures, reinforcement corrosion, chloride ion concentration,

corrosion potential, splashing zone, atmospheric zone

b )0 o S-S 50 0I5 e Sei )
4>l g sreeil g oo g 5 Ll 0 o)
oasily ppdizo Jawgs VAGA JLw j0 aS (5 ]
DY sl osd pizie (ygmncd

= slrasgel (Al V0) Guw 31y ples bl
5 o)k Jomose iy Gl L ool sl
J>le 0 oy Jase bll o ol s
e Yol 2 o ey i byl o ol
L]l oo

Qs griwo o5l 5o Vool Jlo jo 5 ol jo
s o ples ()] 50 a5 ol a8 5 ol aios
Ll s (e jo oS Gl slapYsim s>
ol elaslosl jo oad (giluand Jaowe oglas
ole £ oo 4o caidgy 0l o3l L8 deg 43> g (39,30
[Yo]owl ool o)y

e 3 ot Sl 5o Lasgd (riad
Gl oyl Cond oals alslu 0 sladiges plgo
Juw o Tl 5 (sp o)l @ds dilaie
Y EPONIPIUES B -E LA PR WIS ASOS Y 4
Sl a8l e bl by oo asle

A Glisj 5 sl /1 0)las fozeis Lo

doddo -
‘_gl_ﬁu_..“.iﬁ M_..o.&b‘ 9 Qq).a.mj J.AJO O o)ﬁj.nl
o dzgl Geizmed g ol S g Je> g (S
sloacJles Lol o sy o ol zl 5l
ool g e dralSul el wule gleasle
Sl 38l gLl g >l 3blie ,o Lyl ol
SO Gleme an o diz el alily 6 S
Lol ‘ee)_?w O l_g')o .]a.:u: B r:lso l; oole
ol LS (o sleojlw 5ol slaol >
O (= ‘_ngo)‘L..: CJ.'>-|)Jo rali;.m el 00 u*’)‘)f
«rbu“sdj’“;}“‘fud;)b)ébﬁm
Sl (63508 055 518 o (oyme 50 b e Ll
Jolo S (o oile G 6 pdy ol Gl [Y]
A Comm (yim gS)—.tf)l)é J—"“’ EVNT R U W g;'.;"“"."ﬁ
50 eal axd,S 18 o5l i cpl sl lo Lo ol 5l
(S pmeil i 4l ez 4 Gly (oo ]y Jole S8
e (559 4—booé 5 Ga—n0 5 )7 ¢ (2Bl
slo,ls oo slala e o o0 ples aie) 4o
Wgad lgie ay aS el ool plxil Jlol 3 Sladow

.09—03 o)L'Ll ).') \))|9A L U‘B"GA

YA


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

e G S L Condpe e oy 2 g Lo 3 s 3 0L50 (e

Lo Gwd—io ag puiis

V4 ol mSTas b wije pgdo 8 jose 3l (B pae (pd
o el ase ool C)Lal awle 3l 5 09 yieudis
YIAY ooy Jodo b (odeo F/VO SUI 5l il 35 L)
g VPO iy 4 anke g b JBs ol ol

..59.3 oli..u‘é uu.h)).) u).w u] Lb.logl:}u: WL...: )J

iRl 83l g Glosw (o lbowss Olasude -Y Jgaa

B loww
Vo los
b5 kinss ;Sao _ I gles® S 5
Oldge
a0/ Yy/Av SiO,
VXY \iiat AlLO;
<Y Y100 Fe,0;
.13y YIXY MgO
-1%9 £¥/08 CaO
-1 VPO SO;
_ O+ /FA CsS
- Y¥/VE C,S

&I 0958 adigad lije (LS slo 7 )b (&

ok b S L5 5o slatalesl g
L UT u...m.‘ 5.) L| Jo)LJ‘ C).lo Y 0)9).1 U"‘ )J
kg/m’s £+ v laws Jle 30 5 /005 /£ los
99580 oole ylaie a4y pudiwg oo 5l oolainl 9 YO
als o lal 0y50 el Laiid S 108 solaswl o490
B399 090 Aol b aS 5g (V=) +/0 cm) Lpbglie
LMzl slag b olasinass S el saisS (s,

I P T P I S g  CAR VER LRy S
[0]was o 6,055 olis joiy Jlgn 50 Ly
Jols 5o Slisios LS S ams Voo Jle o
Lo ol 51" g e oo gladlie jo ,9a8 V)
DIV cwl o pasie ™ o o5 el (595 2 by
S el Sl lge b gladlae Yoo A Lo yo
Sk i el 89— oS TS g9y
gL olRails eiins Jausgi " ukiasg S
30 = gladiges sl Alde jo ol 0uls s
g olBilesl 4o ool (g3le ancd e g 55 Laull
s 5 oyl s Ul j0 (eizeen
Ciz g 5 lad Cuslie slacend 5 (IS (o e
[VFlewsl ooy plosl ladiged (59, 5 !

aS Sladss gla )5 ,uST o cas leon sl
151y 0 P13 6l bl el o GBS 955
I3 s 9y5me O3l 5 Bgyio e g y3z (Al
2 S el 9 (Bl (Blo )3 (g ilesls
Lyl s o oladss ploul .l 48 55 & a0 (g0b)
Sl g LBl a5l 5 S 2l e (3l
L olfisslosl jo olgs o 10T ail so (sl 00 S
s = ey clislesl obys s gle 4t
ol bl i 5 )50 sl diges

2oodle Goplss byl (egn cnl o
sloaxl o Wil 5 Ggye oo g5 )3z clo 4>l
als g a8 S 18 Dbl 000 5 (g heall 5 LESL
il duglie o by >ls)

Olisbojl sl bg, g dlgo Y

el oas 03,51 ¥ Jga 5o by pllas (Gl
oS a2 0 0SS — e i w
. — bl ; Laiz| codle
g T S s Yosde— B i >
SSD SSD
VAY  AYD avy - Yo NN Y £g Olowms M1
VA-avy YAV f. Y5 DR kg S w0 Vo 4T g5 larns M2

A

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

Il (g byo owdige Sraze]

sindly 4l 5> Baigad (g8 )1y8 Jooo (@ - JSW

Cilideo (ganb )3 aiged 5,185 Joxeo - JSiud

AR i 5 el 1+ 0lacis oy Jlow

LedB 5l el olo 5l celn YF 5l o ladiges alS
L sl Jos sloazog> cele VY Goe 4 4 7,5
oo 9 0Ll a0 Vo-V0 slos jo (Jgens O
5 S s e 8 5 sl s
oBislel slad Jsls lass wol] lasms

2 GFeere ST L Gyl Jos azmog als bpe
o Kl a0 Yo=Y sleo

a2l o sl (Slimdg (Gs i L) 5 Lams
Ol ol a8 ol Ll a0 Yo-Y0 slos 40 g aueg)|
A gt ole Sy Ll o

90 5l laeme (nl (e g 42) SAS g 5 b
oS ogoad LS5 apeg)l azlys Of sl azog>
i on sy SoaSs 4 laazdg> Ol ey aliawy @
Sype SiS g 5 Sew Soocele T e 0
VE g ool s Celo Ve S 2 a5 S8 S e
Lo opl Gles clls 5oy |y ol Ses cele
D ol Kl a5 ¥ =Y 30

5l e ool sl «(Splash Zone) _ail asb
Va5 i Y o s e Ve Jsb a IS
glsel sbml CelB L sle zge oliws ol e 4 i
aag,l axb,o Ol Glls JUIS ol .o soliiwl plate
oSl ST 515 s 5 G55 L o igai 5 o)
58S o 58 O GRS g Ese 9 )95 0 o me 0
sl (Atmospheric Zone) hwesl a4l
SGooler 4 Of ey S5l Al ul il ans
L) 32y Sl S &g 1 O 45 36 (5 pm
Ll diged g ol oolatnl 0,5 o (5 ! (aile 4o
4>l b wog a8 5 13 piew ol 5l Aol oS
Ded (6 5kw ancd 380 Sl ax b (5 ]

dnglie g aeg)l 4zl 50 S92 g0 Pl ¥ ooz 5o
Glaaises OS> ol suds 00,51 Luylb zds L
LesT 6, Ll 5 (talojl 52 (sl o sl

Lol 02l ¥ Jgax jo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

e RS Conipe o kol 5 b0 Lee 43 ehes 3 o33 (et

Lo Gwd—io ag puiis

5 5le)] (Fo,55 Sad (S0 Sy (pizen
Sladiges (59, il i 53 (So Ul Cenglia
A (6 S elul Sglate slalae j0 00l (5,l0e S

L Half Cell olfccws lawgs (55,5 Jumils oyl5an
Qe £ YA w.u.d )\) Ag/AgCl & Jj).;SJ‘
$lyp [F] woF e ojg, VAL 91O Y
Sliwlgily oKiws 5l (So,95 Cald (5T 0jlul
lej.v uﬁ""“"ﬁ J.t ‘;JINS.” )Lbo )| 9 [ASV]M oolazul
o9y YA+ 9% i 0 (SO Sl Caglin (5 S0l
SrSoyll gl amle £ g ¥ pw o [A] 0 colau
Wged 3| e yeniile YT Gos )3 IS (g0 S9& (e
N Ol doys 5 w0 S ad jom O

320
310+
300

280+
270+
260+
250+
24044

(&30 yoaiila 52 9,5 51eS) (5 )i unglio

aald Bgyke dweg yix (Bl gyl

IS b banxo

& o D M1 b (gLid Cuoglio dunylio -Y JSUS
(Y0 #Yecm glailgwl Joleo) 859, YA+ s 5> Bliseo

(Mg/1it) asog,l aals 5 S 5luS 45 dwslio —Y Jgus
9) =) = 9

of @b g bl -¥
pogidlws Vo x Ve xV e gladigad (g lid Cunglio

YA i o dilides sladar e )5 00cd (6,
Jloel b @l al s 9005 (S 039, YA+ 53+
Jolee g lid Caglio ay abogy e Joms cul,o
S Vo xY- em o bl lalgwl sladiges
Sl oo dawg 4 50 (6,lid Ceglie ralS Laials
[VF] 00,5 oo oyl 5 abasly ssllae (SDF) coglio

SDF:( —&JXIOO
O

P ad S 18 o sle diges g lid Cwglin =0,
toley Sae 5l ax od g5 laore
A S L8 o sl dges 5,lid Cwglie =0

t oley Sae 5l o vall laxe

SIS Lo

o S5 (CM)laaiges o3l el g5

ESEION| P PR OISR E I PR PRV R

- YoexYex)e &,Lid Canglin

S (S o 3 157 w33 - Voo 558 e

- Sl g il

S yamadl ¢ piily e g 552 (3 e ol Yioem o jide YoxYexVe P
&

Lng ‘wb o g > “35}7./: ol - Vex)ex)e L;J).:S.” wsl.ﬂ.o

M

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

Il (b (poligs oz

Lo w0 4y piiis

Kohm.cm) 5 Il comnglio

60+

50

40

30

20

10+

Wl e wgyr (bl (k]

SIS o ko

470+
460+
450+
440
430+
420+
410+
400
390+
380

yiogiilass 53 0,59bS )55 Lid Cuaglio
(&yo

b

Gate ey A g

G gl buxe

PM2 b (S 2SI Coglio dunylio —F JSUS
039, YA* Lo )d it (g Lassco

& laso D M2 7 3b 6,Lid Cuoglio dunylio —F JSUS

(Y0 =¥ ecm (glailgus! Joleo ) 59, YA+ cow 45 Blieo

100

-200

-100 4

-300

MV ) fmilsy S5

-600

-400
-500

of3f

oy w9y (Sl gyl

&I gl o

(Kohm.cm) 5 S o glida
oo

sl

Bojle Megypm SABl gkl

&S g Lo

M2y M1 g b Jouniliy SWS! bawgin p5l0 -V JSUS
8395 YA oy 43 Ciliseo glalawss 4o

PMI b (S 2SI Coglio dunlio -0 JSUG
8395 YA+ cpw 3> CBliSeo g lawes

(72) 10 #Y+cm dlgin! Jolree i gadaoxo 45 iy (gdiges (5 id Cuoglie COl Culpd —O Joua

C)bG)Uéij&ac;éI%féMz CJJakg)Li;é;;.%LE.o;;ﬂ%)le
SIS slalae
ale £y aole ¥ oy ke £y b ¥
bIVE fIfA AYE ?I7A By
RYATA ZIvY \YAY \Y/-0 e gy
\RYINd A% VEIYA Vf/a8 il
A - OIY' - VV/PQ YIXY &y

AN Gliss gl /12 o )lad Jpmy Sl

AY


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

e G S L Condpe e il oy 2 g Lo 3 els 3 0L50 (e gt

Lo Gwd—io ag puiis

ciliseo (6,1ueS5 (6 buseo j3 B 1 Wl (gs ol e Slulojl S -5 Jgua

PR Oj9 e S Glime sy 3 B (g e S (e w0
M2 # L (Y -Y cm) Gee M1 z,b (Y -Y cm) o S,leSS slalae
als & (s wle ¥ e als & (s wle ¥ s
VY <IN JIYY 1A 5o
N 1o JI¥Y <10 RV
<IYY NY Qive <IYA il
N -N\Y <IYA <IYY &y

839y YA+ w30 iliSeo (ol Jawmo 45 Bl sld diged 5l (SDy98 Uy Cai -V Joua

(A/cm?)) 55,45 S FJESR
e e byt g5 w H ) S oz
B Gsre el e,z asl ol asl bl el
M1 Y gs Olowws QNN <IAYQ VIYE- \Ig-Q ATAD
M2 oshis oo 0oy3 Vo1V e logs  ED </FYY CIEVY - JFYY <I¥AA

[5] AZ/AGClUy oo &y ASTM C876 iaub 53,55 Jloin! g (53,95 Jawniliy 535050 —A Jgua

50,95 Jliz! il 059050
Sl 3525 (59,95 Cellad wo o A Jlanal 4 <-84 mv
55 35s Ml )T el Lel il od o 555 cudlad 2234 mv< < -84 mv
B, 0929 (59,55 Codlad vy e Jlizl o -234 mv<

[A]ui ] 85 9 ‘;D),& X dlhbbs.\bw -4 Jg»

Corrosion Current Density(uA/cm?) Extent of Corrosion
Teorr < 0.1 Passive condition
0.1 <I,y <0.5 Low to moderate corrosion
0.5<Ir<1 Moderate to high corrosion
Teor > 1 High corrosion

AY

AR Gl 5 gl /) o)locd fomty Lo



https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

Il (b2 (poigs o]

Los Gwd—io ay i

Ol alewgy a0 5 Ol jo b wighi oo J> e
&S wbise oy i baze 7,5 4 g 0ad Jo Lo
O Cwglie A yo g iy SRS Sl el
shls il 4l a5 Sl 3l b oo Jrals
Olale Bl LIS 0m ek Ol i
>l onl o lse slps 5l b slaol >
Sgs ol Fasal

s 0 M2 b o slid Ceglie cdl (o
leJoMb@)wSMl b 4 Sl el
M2 b o a5 05 4y 926 cps lgin |
O G rdydei (Glorw Slge 4 Ol Cos S L
e g S ;500 59 5l 5 Wb o ralS
Ve ogam 0 lawgie jeb 4y a5 093 D (g,
6lad 5 ol Glogs D)3 Lagie Hlad Sl 5, ol
omlPl el WS o 1y les slaails le
Ol Wb oo DAle (s pdydeds als g oS1S
STy plsl by 0gr 698 (Y955 S ks S
L o ndedst g o9 1) o Sl ) SYs5s
@ kg Son 975 S i e o0 SRalS
Lom el s S clarin o pfaiz O)5e
[N ssso oo 09me

A o dgk (@
ubdonon)lsuy uo}oa.‘;)o
L ez g (Sibgs i bl cde a4y il
MMG;«JWJQWCJ@»JQJ&OJJJJ)‘M
V-] WS o ol i sldigad glp asl L
clale o, S A gl g ey L’)‘s:(so Iy ol ol cde
DBl o 0y 90 Egeme mli daw Y oy IS
sapy =Y Fick jLazil (g6 5l cons b (0 3 )
F.=F.+S

JLesl s oS el olT IS e Jlil ce pus B
&b b men g ol clale (LolS L ilhe g

ghe Lo cel &5 ablbee 25 5 poxe
.(mol/cmz/day) Sgds oo

AN Glisass g sl /1 o)lad fpziy Sl

Tuls Juloi g 4 3 -F
&bid Cuoglio (I

ples 5o (g lid Caglio Slinlej] bl axg5 b
245 I3 Gladiges wiliza slogsb ly atw
2o 6)La8 Sanglie (S Sl (bl 4l
>l o s 3 18 sladiges (L2l axb 5l ey
Bl e (5 LES Canglia (n oS SIS e 5 5
oS ol g s (o |y s el Cnl Sl
B SSe CoS dgn Sjge 4 (G &S (ol
05090 )lard S (o0 B Jlye pud Sas
el LS @ly )3 (F9jeyeh web e gl 5
O g a8 Sl )5 4 o L les S
ol cael obuj as o gl aS (oo g,
el (i Caeglile aomi 40 g 39 00 i JESS
OMex ol p )0 G pdgdsds Galidl cle 4y g adly
B35 o8 il e gleends polis
WS o0 ) S gyl O (o yme 40 b a5 By
2P 5 o g S o0 3585 i B 4 S Jglore
S5 3 gl ge (5ysk o ddle 3o Sad oo
b sl Ml 13 Sl Dy S skl
O leSed ol gysh il 0 g wbise Rl
Al o aS gleosle ;o oauay (pl 0,5 0 S
g oo oS Wledly by Ll
slobize o Slilsw m S9ry ;N )b
el Sl g e(§ el g (LABL o g 552 (g rhe
Comd (o glabglie 45 (5 )Lid Caglie als
S b dha 5lo0sd selh glabglre @
Lot dlwgn Dhyge 4 &S glbasl ( Sllgw
WS e B e pad Sas g 5 sl S
Sl Gorre e 4 Cod yume slalase
Sl 1y el ol Juds sl o i glabsli
Jolo 4 Slgw (9 3585 S 0ls dgl 925 (o
S g 5 b S cov a5 gl o
Sl Ggpie bazme 5l i Wl 13 Iy
byo ol o layg)ls ol jlade d92g Grizes
ey ops GSsw sloalp wais el Wiy o

$95 sladsls o peadSlinglsilon 5 &5

AY


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

e G S L Condpe e il oy 2 g Lo 3 els 3 0L50 (e gt

Lo Gwd—io ag puiis

gdise sgileyl (T3 Sad Glly o (S S
9 Sl 2y 2 a8 O e sl sla bl S
T s el IS 5l G8lie Jglomo o loigy e
g s ol s 2ol b o sl Slosaw Slge &
LS Gy gpdndsi ol e a5 SRS o
9 29 s aiwlS il S 2 g ladgy jlaie 5l g axdly
M2 b 55 (5o S0 Canglin il g ol
= s SHIM2 2 0b o ioen il 0aus )5
3,08 5l g oad oy ddle ol g el padiws S
el ulplis 9ol oo g3k Hlade 4 Ly 628

el 0030 8 M2 2 b S S Cenglia i3l

$5395 Db 5 55395 Jamiliy (&
el sl i g e mls @ azg b
aslige Lls (o, Bld 311, Ll o realidh
5 0% 0 ST IS Jlade 5 cush (e Gl L e
3 bee GRIB T 55 Dol (I 5eST v
S ile)l (59555 Sy 4z )5 g yhe Lulps
dgzg pde e a4 (Fo,05 Dl e Lol sVl
bS8 sledises lp el 2l G5ns]
G5 b pyme )3 9y VAl am ST e
Sl cle g sl ol Wy, Gl (b (53,5
Sl (F9,05 il polie adsl (e o
G STy 4 cal oyl wmse ol | ol
o Jub e e S5 g ,5k)] ghe (ud aps]
mls e &) O e 50 Zogh) 092y e
T o a5 aes o lid Badss (pl (o edel Canny
5 25l gleasl o Sy ol was M1
, 3 High corrosion ssgame ;o as g 5>
Moderate osgame ,0 350 g (8 phmes! sloa>b
ol was 9wyl 3 to high corrosion
odgae > (g plai jo M2 23k o (50,55
, .5, 1,3 Low to moderate corrosion
3 Sy by ad A Wle wue e
Al oS asl Jaime o8 & Capmd lime

el Sl SliaolesT aslel o jlins

AD

oS chale gholS Gllas 9IS e JUis! ce e Fe
ol/cm*/day) S oo i HLil 5,955 |
SIS Jade 0 5 35500 e s Lulis
Lol (b 4 5]

OY o w5 laae Al xhe Ly oo
F'o=Fo+ S aoles sl S5 5 ailso oxbans
O g 0w IS g clile S8y a5 cal
9 S Cga il S ol end ablsl s 4 Cus
Q]J@WQMQQGE»)QQJKC«BL&;|5
oads abl>l e 4 oy 3l Feogs anb i
i) cel Foocqa oS S gz 5 wilie
)\)Mo.xmu;‘df(..\mbu_awc_huabhm
a5 w0 (Sloj g D9 oo cdalive (S0 g 55 4>l
59 el Fe VS u,‘S«.S oz 4l cpl g
3l siily 4l as iy RIS PIE C IR RN
rlo 4 Cas Grume 4l WIS e e85 L
iz i 0 M2 23k jo 0, IS (g 3585 l5ee
5 5 S pusi RIS ely olins S oolai
05 5 5 il 30 NS g 35 elS aomt s

ol

28] Coglio (&
sl b 0ol el I )8 sladsse
il Shanld b e dy Can 90 0a 5>
L5 catog 510505 (S Sl Conglitn jo (g Kotz
Suaglio jlade (i )3 SIS (g Sedi g ugb, Il L
S0y55 D ol g a5 4l rals (S S
Aol o oadand 3 138 cladigad b go o3l
e o (S S Snglie (eSSl LAl
Ol oo Bl e (5 mnil 5 Seg )32 1390 (9
J10 50 008 g 9 pliee Bl Gl e 1 el
Cenglin yidiw yualS ccel aS candily o ddle

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

Ol (b (sige rozed]

520 ST 292 pae Cle 4y (59,55

&=l -#
1-Allen , R.T.L , "Concrete in coastal
structures" , 1998 , Thomas Telford.
2-M.N.Haque , H. Al-Khaiat , B. John , "
Climatic zones A prelude to designing
durable concrete structures in the Arabian
Gulf ", Building and Environment journal
PP.2410-2416 4 April 2006.
3-Kumar Mehta, " Concrete in the marine
environment” , 1991.
4-Tarek Uddin Mohammed, Toru Yamaji,
Toshiyuki Aoyama, and Hidenori Hamada,
" Marine Durability of 15- Year old
concrete Specimens Made with Ordinary
Portland, Slag and Fly Ash Cements, ACI
SP 199-30-2000,PP.451-560.
5-Ramazanianpour, A.A., Parhizkar, T.,
Pourkhorshidi, R., Raisghasemi, M.,
"Assessing Concrete Durability with
Different Cements and Pozzolans in
Persian Gulf Environment", Concrete
journal, Research  Report, BHRC
Publication No. R-434, 2006. (In Persian)
6-ASTM(American Society for Testing
and Materials), Standard Test method of
Half- Cell Potential of Uncoated
Reinforced Steel in Concrete, ASTM
C876, ASTM Publication, 1995.
7-A.Benture, S.Diamond and N.S.Berke, "
Corrosion of steel in concrete" , 1988.
8-Ping Gu, .J.J. Beaudoin, Min-Hong
Zhang, and V. M. Malhotra, " Performance
of Reinforcing Steel in Concrete
Containing silica fume and Blast- Furnace
Slage Ponded with Sodium Chloride
Solution ", ACI Materials Journal / May-
June , 2000.
9-David A. Whiting and Mohamad A.
Nagi, " Electrical Resistivity of concrete —
A Literature Review ", Portland Cement
Association, 2003.
10-Maruya, T.Tangtermsirikui ~ S.
Simulation of chloride penetration in to
hardened concrete ", Third conment / aui
International conference on Durability of
concrete, france sp 145-27, 1994, PP.519.
11-R.D.Hootan, " Influence of silica fume
replacement of cement on physical

n

/t/tu[wwjj)ub/)‘ 0)[044)/[0-750‘_/[«.0

Los w0 &y pii

S S 4z -0

Sy50 0dysm hazme ;o Slisw (3 092y
als g led Cuglin ialS el iolel
ol e ead ‘5)91 e o sl wiges
ol oad wmls L 4 Carnd asne
b dges (pl (oS Caoglin pizmen
oS el lase slbdigel 4 s

Sl @l (6 Kot

shls c28b a4l )5 a5 )18 sladiges
5 (Golnd Cwglie Cdl oo b
Gore 4l ,o i8S 8 (2 ladiges
Goled Canglie il oy oS gl

RS FYp

s g g Ko sl)lo 0 slodigas
ba>lb ads o ol LS'L"*“’ Slgs 4 UT

) Jyans (Slagys 4 o

B985 ylade cpyidem sl LaBb 4l
a5 ablge oy Ml Sl 0 0 IS e
gl yidoy  GialS el l ol
S Dad Gl g o (oS
el 4l amd 0 sl H5b)]
el plo 4 Cos o b

WS 0 3wl s (5 sladiges sl

-\

30 00 u)f)|)5 Sladiges alS 5,50 4o ",

b o S S Caglie walise g
ol ol Yol 4 aoly o 285 oo
SIS L (F255 St Gl I3

csls wles o yo ) ole;
Gtz ol 0 eal ety il anslie
>l 0 (Fo,93 Sad a5 was e i
@ Bgyre 9 (S pamad] (G0 g 3 (il

S5 Jeily 4z S (Bge ll o

AF


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1388.5.10.8.8 ]

e G S L Condpe e il oy 2 g Lo 3 els 3 0L50 (e gt

Lo Gwd—io ag puiis

on durability of mixes containing silica
fume and blast furnace slag ", ELSEVIER,
Construction and Building Materials,
Auvailable online, 2008.

15-H. Karbalayi Faraji, H. Afshin, "
Durability of Reinforcement Concrete
Containing Pozzolans In Oroomiyeh Lake
Environment", M.Sc. Thesis Sahand
University of Technology, 2005. (In
Persian)

16-Sunil Kumar, “ Influence of water
quality on the strength of plain and blended
cement concretes in marine environment” ,
cement and concrete research, 2000,
pp.345-350.

17-ACI Corrosion of metals, ACI 222R.

AY

properties and resistance to sulfate attack,
freezing and thrawing , and alkali- silica
reactivity ", ACI Material Journal, March-
April, 1993.

12-Troconis de Rincon , M. Sanchez , V .
Millano, R. Fernandez,..." Effect of the
marine environment on reinforced
concrete  durability in Iberoamerican
countries ", Corrosion Science Journal,
PP. 2832-2843, 16 March 2007.

13-A. Coasta, J. Appleton, " Chloride
penetration into concrete in marine
environment " , Materials and Structures
Journal, Vol. 32, May 1999, PP 252-259.
14-E. Ganjian, H. Sadaghi Pouya, " The
effect of Persian Gulftidal zone exposure

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.8.8
https://marine-eng.ir/article-1-70-en.html
http://www.tcpdf.org

