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ABSTRACT

This research was conducted with the aim of developing hydraulic structures and
enhancing the performance of a group of reinforced concrete structures located in
coastal areas. Today, the importance of designing and evaluating the durability of self-
compacting concretes has increased significantly. In this study, focusing on the use of
carboxylate-based superplasticizers, microsilica, and calcium carbonate powder in the
design of self-compacting concrete (SCC), the stability of concretes exposed to or
submerged in seawater has been investigated. The results of this study indicate that the
high concentration of chlorides in seawater increases the rate of hydration, shortens the
setting time, and enhances the early-age strength of the concrete. Furthermore,
laboratory findings demonstrate that superplasticizers based on polycarboxylate
effectively neutralize the detrimental effects of chlorides. Additionally, laboratory
specimens cured in seawater exhibited relatively higher strength compared to those
cured in fresh water.

Copyright: © 2025 by the authors. Submitted for possible open access publication under

the terms and conditions of the Creative Commons Attribution (CC BY) license

[https://creativecommons.org/licenses/by/4.0/]


https://marine-eng.ir/
mailto:hbagi@tvu.ac.ir
mailto:alirahimiacademia@gmail.com
https://orcid.org/0000-0003-4310-6182
https://orcid.org/0000-0002-4955-2469
https://marine-eng.ir/
https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

(?A—VV) “f’f sz O)LNS:! ‘T‘ 0-1? 5‘..?.).) ‘SMJAJ.Q.O 4.”).&3

)9 (wigo 4 gid

marine-eng.ir :a ,is Lol axio

2P S 2,5 (S 085S (3l (§98 S5 a1 51,5395 (S (P (Seglie (2L

by &

A\ .2 )‘_;LC‘ \»:5:-‘—§"3 l .“

hbagi@tvu.ac.ir « ol lpns &)lee o olKiils ¢l yoe (wdigo 09,5 )bl ®
alirahimiacademia@gmail.com « ;kusls o Sl ATU oKl o pwdipe 00isly ooliasl ¥

RV

g g0 @8ly asyln lacjle 5l 25,5 o ,Slee daue 5 (o Glrojle drwg Bas L iagh oyl
ORI et by ST 5093 lagrt plgs (bl 5 (b Soeal 059 el el oad planil Lo
P9 9 g Sen (S 925 (slooasiS g 398 5l oslitul p 5 503 b (B (nl o Zanl atily
Byls 5B Ly Ol e yo a8 lag 55l (SCC) 1515055 slagy (>ib 50 pedS Sl S
Gl o5 ams e i anllls ol gl el 43,5 15 s 030 kit ygabsé Lo T 4o b g
o 4| Caslia il 5 S ol LS sl 55 GRal3El el Lo T o Lo IS 5Vl
DS 3,5kl 5 So0asS s o8 e 1 Sy AEEST (Slosiily (riman Spbe
55 03dins sl dos (2Lesl slaaigai inl n ogdle WS o S F5e sabar | ooy S o5 D
ol Lt 093 51 Sawels] T o o sl Jas cladiges b dmglio 1 o5V L Cunglite oy o ]

DOI:
oo Jalgs g bl o wlT cawpiws b el gl 51 opl Bt g Loy YoYO © :yid 3o
el 00y JLo ((CC BY)

55

Ao SleMb!

tllio azsy b
VEEIAITY i Coly s g
VEFNVIYS allie oMol 5l
VEENVYY i oy b
VECENVYA sallis Lesil g

Edeh sode llds £o

sals olals
w515 09>
by ol

oaiS (g, 358
O 2l Sl

ISSN: 2645-8136


https://marine-eng.ir/
mailto:hbagi@tvu.ac.ir
mailto:alirahimiacademia@gmail.com
https://orcid.org/0000-0003-4310-6182
https://orcid.org/0000-0002-4955-2469
https://marine-eng.ir/
https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

FEO-YY) AFF ((FA) YVl by cwipe 0,85/ goum ) (e o O (Jriem

o0l iy (Segliie CudeS Sgnge Ly o e oasS ol (358
o3luil gl cedl Gl S5yl nl po eisren L]
Foere ol 5o i Cuglin (g5l Jes plojen iusl 0nd (¢S
Pl )lge man ;o g ilond S Dbl Ty Lol
solatwl LMt Ol flgeas by of 5las SCC o Sl
Lys ol 50 sl doe 50SCC o by ead Sbj)l eas
Oley 398 S 2yl e ol 5l Bas cwl onys )8 auslis
2 el LS 135 5 (ki 298 (S 52, 00iS
LMesl Ll 50 (SCC) 1515045 (40 ooy Cdew g 03l olgs
Canglio oS 5oy anlllae oyl .l b5 ST b (g ys ot 5
51 5l 0aliial 1) 353 a5 (g5l SCC glaiges (s ,Lid
Si7 sl 5 5 WS e oy (TO00) Sl 2 cedl]
el 5 4dsl Cenglio Lzals3l 5 (LSP) Sl Sis 055 b lasas
59 0a 9,8 SCC o Sloe gl (pizman tazmi e | 50

Dled oo aseia byo O g Soela] O

P lojT wladlan 5,15 g, -¥
le i Seaslie 5 by i)l Hekie au gk cnl yo
ailiy Jgene plors 310 ST 5 Jgane slo OF 4o 0515055
o3 ITL ()5 2 @ye ForBla)¥ YO (b b S o
JS)aus 5 eslal ISIRI 3295 lusbinl gillas ¢ [A] aseie
ASTM-618- S lastiwl Billas colaiwl 5,90 (gL S .(
Py—ate 039 b (5 2 e s s WA+ (2L L 19
039 b s 6lls solitul 890 i pgd g [Ao0ga¥/ A
@bt <S5 g yeg,See FF 5l 25568 D3 5 VIV ogmate

Ly Tl sas oolazal 5
odS S5 5o )3 AAID gl a0 by s 0nliiul Sl 408y
Olo) 392 9 VIF Logame ()39 9 yg,See YO 5l SasS S L
5 Sk Olsy oz 2l eSS WY andls 5 Foggionss
ASTM-C- ojlailbisl Glae 3 Brae ol was ials

D Tags 5 eslaxnd94
2O ESle )0 (Bpae olse (Fig ceS S Slee VS 0
ool 0 Lateine S elS cons

oo — )

& sl el Gl 50 (oS150s sle i (655l axgs
pll Glaie Loy 4955 b goamte ailyglgs (sla jimgy ol
Gz lao sl o oy cudlS i, gl WL B ea i
k)ij.A L b Slosls r:l?u‘ @‘5‘} L_SLQw.ij)J QLQ.W JJT \55}54.‘
Iy elrcasgase g s Fewly oy LYW )5 slge o 5,15 51 Lob
0 sl GOm0y A A e 7, Joe o I8 LS‘)-?‘ 50 odél as
(L)'A""" 6)l> M».L’L%) L;a‘)ls Oy .]99.1?“ a_:] 0‘9"&4" oolail 6‘)"
L s slaojl—w jo ohgan (o slzl glaaslp g oo
&1 50 )8l o 5 aily (1 (slool oz (saiysile]
DI el o

S sbms sLlye sl)ls saiscisw 503 cl> 0 b 0 5l 0,5 (ol
B slalas ples SCC ( SaisS YU Sblgs o . el
e Sl 9 5 5 om 5553k (5,955 Sl 51 5 05,8 1,
36yl o Iv] Sgd o0 Y S S L iy laoslus e lis 4
o sosilony 5l ookl b Ygars SCC anvgs sbo 039,
378 o0 Dygo kinsg Sin (Sl o)l b (3L S5 asile
b Swl b wlgs oo 45 cal YU s, s1yls SCC o5l . [¥]
Al oy 5 0sS 1) i slal b e wilyng anl b gas
ol o YU Sloy Jds a0 e s S 1) (S15
3 S )8 Jaie ol el By )b 5l (Sl Olgiee
oeimen [Fl05ls (glos,—28 L gon g5l T a5 slaojlou
sl o 59,5 09 U Qliime by alise gla cdagh
LYl Ol lgieas byo Ol g oppu i OF 5 g 00 pll SCC
9 &l o ()5,.5) Lg)b.e‘i; uT &9 QL"A L Lbu.u 9 oo oolal
0054.3 ) ‘)SCC )L,.}l_m);)gd)m WSLQA ‘s;l)lf
[ g0l

LSCC (5, ié caglin Lial33l a5 a5 wisls Lis yliima oy
5o 1y B s i Ol s by O 5l esla
U ol cnl il 03gr poas B o) slogs, 5o (s addsl i
Sead sQ.;.‘).‘v os)l-c Aju;a).w‘_gss |) Sl L> u.....:)JLo ..\.:9...: as
I telwy, g 00,5 oy Jxbs slalad oa b JSis Jau,8
Coaglio Gl 5 5L, JISz al38 55 wion sinST o
V] casls Slytean d8lis Joudss g o5l aals § (s Led

cal SCC sl oo ol Cglin (59, p 35 yoie anlllas oy
Loolped oo b o5l olge 51 SCC oy sk 5o


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

ik it 5i02  AI2ZO03  FelO3
(teas S0

&b S 47.65 27.73  18.43
wolw psd 944 0.3 0.81
il e 1625 3.42 -

MgO 503 CaO 35 (€25 (C3A C4AF
265 034 5.11 - - - -
0.14 087 0.26 - - s z
238 375 67 519 31 B9 798

Al 1 ylosws 9 (o 099 (0L S oy buouls S 5 ) S

ails p y pellas

Olas g gload Lasls o melilas
FECEL g WL
L 500 764

970 165

L PO P W

5 9 o 1 (53 0l Olgo S 55 Y JSC

EFNARC o...\....: ‘_g}:_ﬂ J}.a‘ L}uL..u‘ » T500 QS’L’)} w)L»\
o Vo S sl dges sla Conglin L B (6 5 ol
solitl b loww 4936 g adgl 508 NVWas 6,5 o3lail (e

(a Jiw)d.w d)jo)b‘ Ll).b u]au).m JJ[B g_j )l

Ay anly e A
S R (=] mgL™ 18500
ikl g (5041=) mgL™ 2400
TDS J X g gL 18500
dai= (Salinity) glL™ 38.5
i (M) mgL™ 1000
s (MG 2+) mgL™ 1350
i (CaZ+) mg-L™ 500
a5 (Br=) mgL™ 500
s (B) mgL™ 4

PH . 8.05
Lo ms. om -1 55

(03l s Mo T s i -F Ui

VOUSs yo awle g i ol (B8 an gl ails mlias gun ails
e cd lo als ol ails 5, plias el oot ools ol
Ilae s YIFF oy ase 539 6,1 5 03gei ;50e NO=4 Sl
S YIPY psatis 35 b yie oo Vo 5l 1S ojlasl ails ey
30 JBbEe A sga (6,8 Caglio b ails K puixen
Diylssl acsls gl 4l S sl Siw 3l oy o li> o o)

R e T
o L EETRE ) - aly 23 gae
— a3 5 S0 5 ey VLo g
120 1
| i |
s\ 100 t ! /’-‘
S Zaiil}
% |
A |
Y e ‘1 “
\
; LA
d L LI
X / ! ‘
‘ot “Smm “fomm 20

als ;g ails o wlas gamasls ¥ S

Lo Of e 5 (Joore O b Gloww (305 ol iaghy cnl yo
o)l; O LSLQ WLo)T U (f JSW)M LS)j o)‘J." w)b é»l?)

A


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

GO-YY) VFF (FA) TV als 50 (cvkigen 4,85 ooy (e (5o e

440 |
| N
| Lp ol
210
| 160 170
127
0 L L { Y
Initial setting time Final setting time

ABS s 1 (o 0 T 9 by O oS s loww 43950 9 adgl b S -0 S

s Y

5SSl T gl 4 g 0d oolinal o Sols YO F- - fo- lesS Sz Seglie sla (sl (oLl g oy p sl o
VohQ ooy I8 Glhe bl )0 5 ob ool ool 5 3,5 osliiul 5 JS4 Bl 0aisS (g (358 L ol jen el
@l 09,5 po Dlyis ples s oolizul FoaisS” ls) 398 2l i JB Ol g Ly STl oylse pam ;o lojen b alsj]
el At 7SS 50 508 PS5k B0t b g)S aen 1o Glores boailvr Slge . 0y 5 ploxil

o 5 Gloww gL 00+ Gl 4 ol og)S o0l a5 e o

N & .I:' ‘b " E‘ _ . ) o=

o5 el e Sen 538 S STy oad olas 3s
3o o ool JE Faoss

10 450 S0 9.0

i 20 400 100 - - 8.0
30 350 150 7.0

10 450 50 9.0

T 20 400 100 8.0
30 350 150 7.0

" 10 450 25 25 9.0
20 400 50 50 8.0

3 350 50 100 7.0

- % 460 40 9.2
10 450 50 9.0

12 440 o e &l 28

SCC &oﬁ@‘#dﬁn@begﬁ—?d&&


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

¥ oy F 09,8 5l (Jeane T Lowds ais bl aigad (Sl 2 ceodll -8 (il 12 eadlosl Ay lin -V JS2

03,5 Sz 0 45 4ged VY by cdll o Laloj] b g0 aile (Jsene Ol L diged als alBilesl a0
031051 Coodlaol (450 ol 00 00ld LS ¥ IS 5o il sas solel caz by ol g Seore ol 09,5 90 ;0 Ll (g,ls a5 0,90 4o
VO« dgu b o Lof Ve 5l Calizee slo 09,8 j0 ool (6,5 s lalinl mlhe b dges g5le oolel iod (gls a5 oL,

(A Uyl oads (6,08 o5l yie oo ez ol eEabl;l mbs [VElas 5 slxl BS.12390-3

| OM] Cowdo ») Q)j..o a IR OQLA] J..v.b) dw jo 4565;

o gl s g !

0
(R T2, Tk,
0opMzeas M pewegS [ pgoes S Jalea S
35 5% sl 4305 by Sl ~A JSL
Lyo ol 40 059, YA oo solel (slo diges  Cunglin ylojon by ol g Jyere Ol) ol alaizs 95 50 00l oolel (slo diges
Cwglie oyd 00 U dw oga> j0 s digad adS 00s0 )5 v, Y o,y e slo 9,5 (5,lad Caoglin g wiols (5,0 &
(A S Yacsls 6 56 5 ,Las ol 40 0l 9l Joe sl diges ¢ A S )5 05 o5lal YA g

285 (Sl


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

. e 2 I e A e —cigy Th gl cuaglis
ﬂi"; 2y L AT S
a il | Tl e 2pdekT &, frde S &
e ‘jl-—'-" Pape —:_—:|__J Pare —:_—:|__, S gl g
i 3 Y ¥ OF aFyY
[ ¥ Y. A Bow -
3 J 7. Y Y. 4+
T | A\ ¥Y. ¥4, AYY
Y Y \ ¥4 ¥Fa ¥y
v
¥ T ¥ Y. L
\B i \ Yiis DA des
\B Y Y Y. Y FAF
v Y i, £Y —
¥
¥ ) A FY . N EYY
¥ Y Y 9. Y W7
¥ 3 VY e P4, vr.
crianlil T 3o gy gl 48 by o 52 5590,
ouls 2lyb 5y 0g S 50 i Ceoglio -1 ST
800

yn o gt 3t (8 35 S i 34 5 o S

Jy ke,

o ny

L L)

pameny S I

ro ey -

pa hed

wer W

O ST )3 00 (5308 5 ouid (Blyb 09,5 Hlz 50 Liiko (sl Aiged 039, YA (gL Caoglio —)e S



https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

Ca(OH)2 L wilg . Ca(OH)2: NaCl v NaCl sl
gl yiun olaml So g8 40 a5 wiS ulgs CaCI2 g ools iuSTy
S oo o i |, C28 3 C3S gl joum g 5,18 tacJblS i
3l b C=S-H 5 JoSas 4 jomie ol (S anlp o
b Searm Gemlided g S S Jol5 &5 0gd 5 el

DAles Lges
oole 5 (SCC) WS E0e> e Sal Kiw g 5l eolazul

@Yl sl s sy 5l a5 cl jlugesle caio o alslys
9 48l 0y 095 (i SS wrmg 4 LS e g 00 1093
o Shs onl 4 oliws Gl S oo B psbar 1) LB
p,5ekS B0 e ga B (Lo Goes) 99 ok ylaie 4 SCC
25 Slowm JoaisS Jaie oole al B0l s St e o
5 51 S oo e Ghal3H ) il Sl St (Sl
B e sl (S a8l e 4B podyygyhe (solaidl
e FABSS Sabigaz 5 sl yien sl 2l 2l
50 oy i ol yo LV A] sl aiils o jen 4 51,
o1 5843 i st g o3l elys p (LSP) Sal Kiws jo4
Slgeas LSP 5l solaiul Jlate 5l 059 a0 .l ooy asslop
LSP g0 J5aS diges o el (sl o (S5 cnlr
LSP I ol slavo,s slyls a5 sladiges b g ol ags
Tl sk e3sS dmlie cidg losw 5l (i5u 030l Glgrea
Ao St e 0diiS s, 558 ol Lims ol b LS
VI g I N e e sasSalr laso s by el 5 iy
S yogy a5 ol Hlas b iolesl zuls .aiod aus leww (39
G Sl (S G3Rlr Olyisar fie jsbas wlsi oo Sal

S 158 oolaiwl 090 oS 1,504
5 CCO) w51 5055 o5y (oo )l Caaglitn iolojl b
ol 90 45 jebilan sl ond ) O IS5 Jlogas 5 Ve S
(LSP) Sal S jog Jlade ialjbl b g o svalice S
e Wlg¥ oo sl Caaglie o594y by oo SRl 5 i Ceaglie
3 Sld as el ol Jdo 4 Yt ol el iaoly oli8l 7Y
5% 5 00d (gl jded ALl )0 g e Sal St o
Vo USKS 0 it oo Sge |y adgl Ceglin dxwgd e
3 Gley Job 0 oo (6,lid Caaglie yioli8l saimo L
S Led Cowglin LSP gyl sladiges a5 sl (asuive lges
039y ¥ w3 3310 (LSP (5300) g o diged ) o (5 iy
YA G 505 5 ol il a3 7Y B0 G o lid Cunglie
e Gl o cwlosg VY B Y o Cuglae ioli8l o),
555 YA o 5B 5o 55,V 55 5,lad Cuaglie LSP L Lo
@ Gl cpl AV e 03Kl jo el el mol8H Y sgas o

O o ‘_g)w wBLsLo u,....;b.‘a‘ L)))'“""‘"" | 053 IAN D W)J

L as SCC g,led cunglin a5 ams oo yLid 3ubios (pl o)y
Coogho 4y Comd el 00l (5,91 oo g LIS Sawslal ol
Lo ol o 00 155 5 50 dos (Jame ol Lot asl oy
39) Celidy Cony Slo Aigad (g)LiS Zuoglie 2STam . Lol jiaS
Olosms Sl & (o 093 51 Laitd a5 Cenl ¥ 095 oy Logape
Yol 0093 £95 00uiS 1)lg; 398 yid A Dga (g9l 5 ous culaiul
O Jss

s Lys T 4o g5l Jos 5 Jgare o b snsazsls oy
Ozl i ol o [V olaies g0 Lt Gslite (2loS ol
Jo 5o o o8 gl alpe o 1351y slo)S byo Ol b plages
olol o)l e B Ol ¢ cal wal el au
005 w2l L Ly Ol a5 cal ouds slpiiny ez g0 Dlallas
Sl 1y Glemw gemlyne St daay ST ol ol
Olosw o2 50 LS b gyl Wi (o wiSue
Ol o 5 i IO Togas s ol b easbsli
Sl g5l Siman (F S5)05 3,511 e T b o sl
Sl e sl 5 5095 5 25,5 b0 ST L ploges jes 0 Lo S
el sl 4 Wels lis e b Sle F) gyl
Ol gsl g ams e Gl gl e 55 150 ST ylaie O
..[\?]A.mosn Ty Fogy aado Ve e dga L S

929 byo Ol Hea> 50 (e 5995 el yed Sodee Jdo
Jj5 odgs a5 el (CaCl2 3 MgCI2 NaCl ) w Js slagyss
polie 35 (VoY) o, Ken g 65 oS o oo |, C-S—H
4 o yd Danle 9 byo Ol S e i o 5 LS bz YL
03l i 1558 b Cilisee cligiod 3,5 i, Jyene oy
Vb o LS bz gl by ol sl plers e &S
SLoyS P VY fgamme o Celo VY jo g ams o Giliél el
Cesl 00 S5 0,5 0 i 035900 ST b s 4y Cod (5 ey
1 ool yin wwlileea NaCl Jslone S5 51 i byo ST o8
5 o osimsolis Jole s NACH cplpls S o wyais
IR sl okt BYs wls 28 L o gt sl
Slailole bye of Glaa IS jpam 0 lors ganljoen &5
SIS slagyg sl el joee SV gaze 4 0 IS lagg S9i
3)ly Wl g0 3T 0 (3 A Cand SzsS Dol Jodoay
ol ol S 5 b i |y T g o adsl genly aY
5 ools ual33l 1, (C3S Mie) (ygumsljoud Y gams Sy >
R POURCH R SIUPOG X ZYERN R QRC gy SPU I FRRPVOw v
CTL oled )o g aies (e 5 St byl 61 Gl D)3
che 95 ooyl Glyied ooy IS aigd oo Ggma¥gSold lzrs
i 50 g gohe oML coge g oead Qi Ol
iy STy ol 30,8 e Sl (ST 5 g5l
5 CaCl2 Lsas © sas oo (il 1) losms (53 y2iSTg


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

GO-YY) VFF (FA) TV als 50 (cvkigen 4,85 ooy (e (5o e

PR S R Swglie 9 090 (o0 oile plgs RalS g i Do ye5
S le g gl 7 Lo ST 09 (o o (aliend Do
9 Ol (Sdiaz o5 cge ¢ Canl g e «Slilgu
Ol e Do e )0 5 0pd oo g Bl JSas
Il 3 oo ol 5 o 2o plso alS 5 3, slo S 5
el byo Of po sysldes o0 SCC (1 o e 58
Sl 2y Sl gl p93 25 095 (o0 (S Saaglie (o]
o e Sy by el 5 (Glases 03l VY <))
C— 5 500l 3Vg50 (Sly (CA(OH)2) of5T ST b ogs oo
Ceaglia 5 (St J5 ol (0 S )aiS o0 05 3Ll S-H
Lo ol o el pod ams o (il 0 (pdes 5 (g )lid
5 35 Slos sl Lps OT osd e plss 5 o052l
Ol 1) (6233985 ¢l g8 il el A Conl Slaf g
Ol 9 -boo GRals Slilgw 9 0I5 slagyg 9959 519 wa0 o0
Soidad g S o0 o5 1) Jobre peadS a0y 0 S5
3ok o3 09y b (5 jleg 8l jo b e el L3
g0 (Soblaz 5l 6T ol g aijeSny Gl Bl Cel

o Iz GlBl sz (Sl S jo50) oS Sl yS pog
21 bl o I slad Sal jog 5, biws O3 098 o0
OGS 058 e 1515095 (i Ol Cwedle g Sy, Sl g 00,8
Sal 09 a5 sl 0l Foel) G g wbos ol pulus
SIS oo 0515 0035 s e @ Ll iesd (g0 biras
Eori g 3 o yals 1) glulol 5 Sadle g wes
L olge ol (it 5 WS (oo gy 1) Qo smlil i
ks gt 4 S Sl o5 5 attes S5l s O
33 o0 CACO3 jga> 315 00355 Lo 45 (55T ol
peedS ool S raile Silal SYVsaxe LS5 csl
b 3lis 5350 b Slge ! - (CeisS1,T S iy S
[Y¥]aies oo (2alS 1) wu IS (6 pdudgis gos,S 51,

Sl 515095 (5 50 Sal 00 9 e p98 (lojen ool
ke g 298 (o0 b Caglie (I (S3lg, Sgne
Gl ) lany IS 3585 5 .(V e JSCB )0 poe VL, plgd g Zenglia
oolaiwl .ol oo Lrals LS| ol yog Gilidl ;0 g ams =
5 9090 oo Bdlre SluyS Slge, JoSas el Wl plojen
el 9o gl S5 S (o dbnl (oS S g S
Cangliie g plgd m il amils Cgllae Sy, oo SCC 05 0
IV Floss oo bys o o Lt po o590 YU

Cuoglio (05 wigd oo gy5ldes by o ;0 a5 2 gladigas
Ol o eabsyyles sladiges 4 Cuns (yin o lud
Jol o5 50 eauay ol (Ve 9 9 JShaws o ylid GJML’.‘;T

) Sl ool samlice 1Y 03Kl 0 Ve Jolee wojg, YA

O 58 sl
Jols a5 F oais ol 398 9 f"’L‘ on Gz pl jo
2 (PCE) o35y S b 51 (CSP) (g3 oS 5 sl ey
P sl oS1poss o labglie (Sl ol 5 LS
G ool el oad ) Sl e by Sel ¢ el
oMb CSw 58S el (5550l Ol eaials g eaisS” g,

ASTM CA94 L gllas osle cpl ol 5 ads) Conslie ooy
5590 lowm [T Tt ools 58l 49 BB job o Type F
039 oy s Sl o p,SelS FYO-Y leglio 00, o colasul
wls JSullEo B0 VU oglia o5, YA slo wiges el
1oy (clooniiS 1l 558 <dgms oyl ayls Ll al yo (O UK
5 S e 25 1) lawg IS Losiinee (PCE) odless S L
loay I i Slaiilys (oo Lol ploosd (2S5 0I5 090
COR Sty de8 SRl L pedtens 8 O jgos |y Vo8 g S
w5 2 bl g (Gloges a4 0 Cad (o o5 S5 oS
b s 2015 L (A S5 e o IS ¢ VL 4l s b
@ laay)ls JUisl 5 iy S g g oad eI Slis RS

IV )05t o yieS oo e
Jds 4 @ S1poes i ogb L8, p baay S S ioren
3 el b e i (sals, Sl 4 YU Colas
ag gy Gl Al on e 5 s (8 Lo IS 05 o0
atileoatiS g Cenols gam By lS slagss 1y caisS sl
Wgd by cedlul rals cely wily oo lojen Ll wyls
Obey 9 Spee Y 1) adsl arnlilione S o 157 JS2)
S Sloy Sl OS Gupas Sle @y g 09b 0 FolisS S
Ol9) 398 (2 9 9l Sl oS (g 398 laay IS 098 (e
Ol 5 @B b WS jea> 0 (DS S (b sle s
adlojle g9 Sld Gislas Jleisl g aies o cows i) 095
)l 3929 325 Sll B bl o0 (53958 slge 5 lowns g5 @
JS)B98 (oo Bl a5l 5 adsl 8505 loj ol L laoy IS
odbESw (ol o IS 005 (oo 6 )15 ol 2l 5 (V
ey gl Sl b (g cpl s Fge 53 0515095
Sy peedS 05 g Wgd (oo gl Cenglie 5 genliljonn
GlBl 4 e Wl oo g i o Gal¥l |, C-S-H Jses
bl LSt b 1) aled Cooglie Wls oo Lol 95 adsl Ceoglia
el 5095 Ly0 O 5o Slilges 5 miio g2 ol e JS5L0
o) Glos ooy 3 lo Jlisla ) g S 0l ) ol S5
Loy cnl )3 08 051 o (2l Sueglie (SYsb Loy )3 g 0S8
b5 w5 STl o cnl o il (oo Gl oo Shee (50595
S el aslol o g 09 (oai (53,65 Blo b pS1H aSL


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

Jebo 4 SCC o 058 00 o PH 1ol el Lo O 5 Iso
sl oS Vgono (AL S Cut pos 5y g 5 VL JE
039w 8 1y o gl Wil Sl Sl g e 5 )iz les
ails caslio clailaSin 5 Y (g Lid Cusglin ;51 SCC aiis
5 coolie glas 5l eslinul wms iyl 1, ASR Sy,
53k ke 421, b3 (2l Ysene SCC o (Vgjs (slagiog 3l
O balie jo oSTg0g5 0 (LS jebay ams o rals
Ty oyl o Saeasds slgs oLy sl 0 Jaexe
Lol e SVYg592 olge 5l yition oolaiwl gy o515 heS (6 pdudga
L o yb 51wl plyo ool Jaiom (gl ot oo ol 55
Sddgez jl GxSdr ohsn) celie gpldes 5 mmeo

Iyl (e
Ao Ysons a8 (355 (loy 2ol 5 seliiee &5 Gl
9 Sislo) 2 e jsbay Wlgi oo e 0 E) oy IS 50>
oisa) oy s o1& 56 (SCC) wSlpses o LS
U"‘ ..\HSGA Lo.g“ ‘) 05"‘“")"\"‘“ OMQULM.) L)’“'°" ‘YW (CaC|2
SDS Rl sl wlele QS 5 Sajsls b 5l ol
cel el o STy o Sotus (Workability Loss)
ol Ol g oo maled (AT (Stdly at 598 s g o 58
Sl 55lub 9 Vb g, a5 SCC s bglse pog; oy
2 s =Y all e IS jlews Gilg5 o ST cpl cnl (55900
Logas) sl yiep S¥samms LS45 Sy Gl S3else,
AP J.JS@ NN Sroad algSeld )lLL}LM: :(4.3J5| C-S-H
595y 9 pobed (15 Gl el g WS (o0 Sguzme ) DS
G0l 4 s iy hlei SCC o by 5 o9 oo Sl
ety il Y0 oo Ty 5308 5 (SFAS 5y ot
oo sbons 0 Koo ls 51 ,5ue SCC s (Blocking) slas!
Jlesm! wilgs oo b SOLS 51 ooU b s l38l el
Saslaz ol o golul mals jgile,l aSlils jo oy 50,5 55
Sl 4 oSy oy RalS (25 ley GRals ¥ o VL,
oy IS asley SBb olg,) saseice D bl SCC Jgero jobas
FolsS ry0m BB ooy onlple wols (mals 1) (355 Glej
PP Seadlyand L3, g ond i Sy bylie g 090 o0
5 Ogelyed E5 Gl Byl I laay IS cnlpl aiS (o0 T
o g ams Lials 1, SCC LIS asilgs so oS ey ialS
slr Y Sloy g solwly g wes (RIBN) 4G9Sy 5 s

\Al

Lelse o age 0,19 (sloabaisliss _ole LYo Lol atuns] bl
Lyo DT lpo 0l 5 mjeie g ol Slogysn 09279 ) 5l il e
O3l yaem 4T 8 o alilsi g oS sl TM@? 5 TCa2 (5>
S el s Npame LS5 055 CS L s
el oS o gy 1, (C-S-H) ol yoie wlliw pundS wiile
Oil8 1y adgl Coglie Azl jo 5 Wigd oo (i LSl ny o515
Ogllinee adsl mped carge ol oSl i oo
5 g, IS o)ls KCI 9 NaCl 6ol lade by ol Dl e
(C3S oh54) Gl GBSy emililyaen (1aSTy sl
5 Saeglie Jrye S el s ol WS (o0 s )
LSl eSS 095 0 adsl i )3 Cueglite (g I
el ailgs oo b )d 0l 50 35290 Slagy s @ 29 S sl g 41958
oy DY garme qurndS Glacly S dacliwglly I5 JSas
B, b T 5 onds Sis oy ddlie yg,0 bS5 ol 5 Wgds oo
Coglie ialdl g aidls ioli8l cely a5 s o Sgde (9>
Flgs 4 eansl €skooligsh Conglin igl33l Lol .05 s CaolisS
c oS elaie Lol Lial3dl Conl Sas Cosglie iz
co S g 08k (5095 el Doelys o e dasldlga
39 S i pled Sline 4 onl Ll igdi oo Glowns ez
Sl Foype Lo ol Gaeasds

S g sl S3elg, 5l alfla slalivs (2 4y WIS 595
S Sae Yok WIS (g 992 )5 wela (g 1) 539053,
3 ol b mhae slaojgn )3 1000 Vb 1) 0 8o (59,55
Sk osd coley wllS ggime slacusgame Wb Sed (pyne
Bgd oalatwl ga IS e slosimolis

Loy gl bazme 1y5ley] (59,55 5 0,5 s S5k ralS
b S 5 g Bl Boyb g cnl sl WIS (g
5 b S Ul Ysese SCC wigdoe o )
A5 Ol 0 0l 0555 255l ol Sl Gl i Seis
b sl canslial L33 b ST b ol b e Jgomo o3 5]
BT 5o 5 5,5 Sy 3015 S5 a2l VU oot
25 S g gloel (28l 4l o1 Sligu SMles 098 o0
2180529 Sl g DM Sl Wil g LS )5 05945 O
Y959 Slge 5l eslitual g Gloww 42 O (ol S JJ04, SCC
Cooslin Ysons (53b S w0l cmrkims o aiile)
Wet-Dry ) ;ois St 5 5 glaas > o)l 55V Slalgw
Sid g s oglite Oygots Jolo slaojle (Cycles
s W)l Sek il el bz pl Wed o
dighge (Fadger 5| Bl (ol glas s adaly S
Yo pddehs o jieS oSl lslon, Jdow SCC
Ssldes 30 19) S s (Shdaez 4 ol Ll g


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

GO-YY) VFF (FA) TV als 50 (cvkigen 4,85 ooy (e (5o e

Lo 5 als) Canglio I3l 45 am e Lt gl b ol
5 miee Sbos Hpax ul olpes Doeaddy Slilas b ol
oyl JoSis 4y jomie Salys 50 Wil oo IS S9ds g Dlalg
5 @SS deily GRlEl S ded LWL
ondaing slabslie Wiz e (ulply 09d oSl (So,05
Lalys o), wha! bl 5 SelSe o Slae ailg e SCC
S siaily Saasil glys pmedi ity syt oo
Slp e Sleladl 5 55 Glo e 201 (s pdy ek
] 2 Ko

(LSP) Sal Siww 501 5l oolitasl 45 ols Lt Linlej] gl
550 SCC) (Slyogs o 10 plosw Sz 3Nl Olyiea,
Gl |y ety 3o o (339 con 52 LSP Y- 1 (09531 .l
RS T IWENR WILIE SWIPS| F RGN | ES ) SCC > ,Slas g 00ls
Sal i g b wlgie plass 3 1Y+ b Sal Siw 00
SCC logumainl 5wl Gal¥l 6,8 jlosss b 05 0035l
Sl s adsl Jolie po (s)led Canglio 005 15 Sl o
2 e sleeasSply,asd 5l &S alabsie ol
2ol 5590 g 00l 0olitusl (gl 098 9 DS 2 S L
o1 o5 6 yLh aglie ialidl o labglie

1850 g oailig Ol cro; gl 51TV Y dg0 aSiul ay axgi b
s o 3l Hlareas byo O 5leoliiwl el o o1 T 5!
5,5 ecaiS SaS s ol polie Lad 4 0ilg5 o oy LS o
Slojle o aS Canl (e 4l ol @llae byo ST b oole 0
5 PEibol salsd ey cnl b ogd ags by Ol L wls
S Gele,l ygas) el i sl a5 ams o ylid o
JUCERE NS EVINER ST ERUTART
28,5 (o0 039y VA (oled Suagliie 9 (105

(SCC) 1515085 i (IS a5 b ool las ueghs ol o
Slaosgase ;o by Ol b ax g s Ol bax ol cdl> o
Ceols (n et (55l Cuaglie )l 1,5 SCC (sl Jsud LB
e K03 ol b i3 0 S (s 51 Sl
ol lnossjls (glaciomss ollyy 6Lt nglie s 2] co
aloil Calieo glaboglies 5 T e 5 s (gloailaSin «ylase
5 Conglin 0555 s ol e Sl 4 ] a5 o
anlgs ing (6,lid Cloglie il yieS Cand opl Ayt
1y ok szl o b allS o 5l i ] ol cnl b o
adlas ol jo Lol aas o palS 1) Cowglan Lol ans oo il33l
ouds aid ) a5 o ool sle GialesT allS o (b o ol Gl

I@‘O)dé 5 ,S.w" ) —é

F I P
Sgdone Labdy b 0gd ced eolaiul sy ST slaodimalis
Ivy 2 aglew

6ol s Gl Lo Sl «SCC) oS 30e glacyiy jo
A0S eolitul sz e Glesw £ 2l Olgiees 5 300
ool 558 L Ygome 5 witws SCC (gl anis
Vgons (5 r) o Gloss 25550 (PS5 S
polie) V God loww sl 62305 5 (305 oloy le by
335 JyuS s PCE YL 590 @ 55 090 o0 el C3A Cans
High-) egase L YU Sl b olew b 3,5 ok
097 «amas conlie SCC sl Ysons :(Alumina Cement
g a8 J3a5 oS ylg 398 b ol oo (olonds sla 2Ty
SCC 5 oolasw! 2 Fbe Jé‘j.c Yoo uM.tblS 1) ‘_gﬁ\;\i)lf
9 LYgim (ool S ding Ko o S0938 b oS 5
g s Gl 1) eaisS lg ) 598 i Wiyl oo ) slaaslaSiw
i3l SCC rai558g 5 a5 il 90 i 4 5l
QQTMCM‘@}LPM‘QSM‘M);QBJQMd
5 Cuaglie aril atils s slaeaS g, 5l eolaiwl b o lous
OSos 5l C3A L L Slidgus ply )3 polie slaglosws splgs
590 a4 LS Vv 3 H sl P sl s
AVELS s S S g oaiiS s, 398

S5 azxa ¥

SoaiS Hls, 398 (ol S 50g3 i &S ol plas el o)
Lilis o oudS Glo)S 05 9 (omebow pgd (NS )S
G S Gy geslie L8, Lo ST L (g9l Jes 5 LS
sar 095 5l amelal Ol o eais gl es wlin sladiges
Lyo T ap,lS lagyss s3> 50 gl yied &35 Gl 38l oo o
S S e S bl loauS lg,as8 5l eolanul
Bgad G gam Ul Ly IS Cgllacl ol 31 g Jaas 1) gl
(Y39 STy 9 8 5 M 505 p b (g 098 (reizren
oSy g S hd o glad (3,5 L Sal S g
30,5 g |y (6,Lid Coglie 0guge g 00l ioldl ) JLisluy,


https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

No. 1, p.24744. https://doi.org/10.1038/541598-024-
75613-9

8- Sun, C., Chen, Z., Chen, J., Zheng, Y., Sun, W., He,
H., Wu, Z. and Wei, Z., (2025), Effect of seawater and
sustained load on the long-term bond durability
performance of GFRP bars embedded in high-volume
fly ash self-compacting concrete prepared with
seawater and sea sand, Construction and Building
Materials, Vol. 491,
p.142809. https://doi.org/10.1016/j.conbuildmat.202
5.142809

9- Sahu, S., (2021), Technological forecasting for
commercializing novel low-carbon cement,
in Intelligent and Sustainable Cement Production:
Transforming to Industry 4.0 Standards, p.405.

10- Mukhtar, A., Qazi, A.U., Khan, Q.S., Munir, M.J.,
Kazmi, S.M.S. and Hameed, A., (2022), Feasibility of
using coal ash for the production of sustainable
bricks, Sustainability,  Vol. 14, No. 11,
p.6692. https://doi.org/10.3390/s5u14116692

11- Karlina, A.l., Karlina, Y.l. and Gladkikh, V.A.,
(2023), Analysis of experience in the use of micro-and
nanoadditives from silicon production waste in
concrete technologies, Minerals, Vol. 13, No. 12,
p.1525. https://doi.org/10.3390/min13121525

12- Ferron, R.D., Stacey, S., Carris, G. and Rung, M.,
(2017), Evaluation of ASTM C 494 procedures for
polycarboxylate admixtures used in precast concrete
elements, Project Summary.

13- Bagi, H. and West, R.R., (2015), Microfacies and
environmental  significance of  hypercalcified
demosponges of the Upper Jurassic Esfandiar platform
(Shotori  Mountains, Tabas Block, eastcentral
Iran), Carbonates and Evaporites, Vol. 30, p.483-
493. https://doi.org/10.1007/s13146-015-0269-y

14- Pradhan, S.S. and Panda, K.C., (2017),
Assessment of fresh and hardened properties of
concrete  using  supplementary  cementitious
materials, Materials Today: Proceedings, Vol. 4, No.
9, p.9837-
9841. https://doi.org/10.1016/j.matpr.2017.06.277

15- Adetukasi, A.O., Fadugba, O.G., Adebakin, I.H.
and Omokungbe, O., (2021), Strength characteristics
of fibre-reinforced concrete containing nano-
silica, Materials Today: Proceedings, Vol. 38, p.584-
589. https://doi.org/10.1016/j.matpr.2020.03.123

16- Sun, Y., Algqurashi, M. and Mostafa, S.A., (2024),
Exploring the impact of seashell powder and nano-
silica on ultra-high-performance self-curing concrete:
Insights into mechanical strength, durability, and high-

\d

ATU  la olKisls o Yguo 5l a5 ails (o p3Y 095 5 5L o

plsl ol jo a5 S Glgzdils 5 Solee Lo g Ll
pmled (615wl iy (6,550 SaS u...sLoﬂ

Lo -F

1- Yang, B.X,, Xie, T.Y., Yu, Y., Zheng, Y. and Xu,
J.J., (2022), Mechanical properties and environmental
performance of seawater sea-sand self-compacting
concrete, Advances in Structural Engineering, Vol.
25, No. 15, p.3114-
3136. https://doi.org/10.1177/13694332221119863

2- Yahyaei, B., Asadollahfardi, G., Por, E.M., Samadi,
S.Y., Valizadeh, T. and Cici, Y.M. (2023),
Experimental and statistical study of mechanical and
durability properties of self-compacting concrete
using seawater for making and curing, Environmental
Engineering and Management Journal, Vol. 22, No.
11.

3- Gheidan, E., Ab. Kadir, M.A. and Aluko, O.G.,
(2025), A thorough review of thermal and mechanical
properties of fiber-reinforced ordinary Portland
cement-SCC and pozzolanic-SCC, Journal  of
Structural Fire Engineering, Vol. 16, No. 2, p.268-
290. https://doi.org/10.1108/JSFE-08-2024-0031

4- Seelapureddy, J., Bommisetty, J. and Rao, M.S.,
(2021), Effect of metakaolin and micro silica on
strength characteristics of standard grades of self-
compacting concrete, Materials Today: Proceedings,
Vol. 45, p.884-
890. https://doi.org/10.22060/CEEJ.2022.20488.743
8

5- Wang, H., Li, P., An, X., Cheng, W. and Wang, D.,
(2025), Influence of pre-demolding early-age loading
on post-demolding microstructure and compressive
strength evolution of self-compacting concrete under
different curing regimes: Experiments and multi-scale
model, Case Studies in Construction Materials, Vol.
22,

p.e05141. https://doi.org/10.1016/j.cscm.2025.e0514
1

6- Odeyemi, S.V. and Ogunmakinde, O., (2025),
Effect of seawater use on the physical and mechanical
properties of self-compacting concrete, Discover Civil
Engineering, Vol. 2, No. 1,
p.45. https://doi.org/10.1007/s44290-025-00197-w

7- Jose, A., Nazeer, M., Kumar, R.S. and Sathyan, D.,
(2024), Mock-up pragmatic study on the impact
performance of self-compacting concrete
incorporating sea sand, Scientific Reports, Vol. 14,


https://doi.org/10.1177/13694332221119863
https://doi.org/10.1108/JSFE-08-2024-0031
https://doi.org/10.22060/CEEJ.2022.20488.7438
https://doi.org/10.22060/CEEJ.2022.20488.7438
https://doi.org/10.1016/j.cscm.2025.e05141
https://doi.org/10.1016/j.cscm.2025.e05141
https://doi.org/10.1007/s44290-025-00197-w
https://doi.org/10.1038/s41598-024-75613-9
https://doi.org/10.1038/s41598-024-75613-9
https://doi.org/10.1016/j.conbuildmat.2025.142809
https://doi.org/10.1016/j.conbuildmat.2025.142809
https://doi.org/10.3390/su14116692
https://doi.org/10.3390/min13121525
https://doi.org/10.1007/s13146-015-0269-y
https://doi.org/10.1016/j.matpr.2017.06.277
https://doi.org/10.1016/j.matpr.2020.03.123
https://marine-eng.ir/article-1-1225-fa.html

[ Downloaded from marine-eng.ir on 2026-02-18 ]

GOYY) DFF (FA) V) alo (Lo (osiige 05 [ ooy o o S ai

Engineering, Vol. 24,
p.26. https://doi.org/10.1007/s43452-023-00805-5

25- Golgota, A., Vrusho, B. and Dhoska, K., (2023),
Properties of aggregates in durable concrete working
in normal and aggressive marine environmental
conditions, International Journal on Technical and
Physical Problems of Engineering (IJTPE), Vol. 15,
No. 57, p.376-382.

26- RILEM TC 197-SCC, (2010), Specification,
production and compliance of SCC, Materials and
Structures, Vol. 43. https://doi.org/10.1617/s11527-
010-9631-2

temperature  resilience, Reviews on  Advanced
Materials Science, Vol. 63, No. 1,
p.20240080. https://doi.org/10.1515/rams-2024-0080

17- Younis, A., Ebead, U., Suraneni, P. and Nanni, A.,
(2018), Fresh and hardened properties of seawater-
mixed concrete, Construction and Building Materials,
Vol. 190, p.276-
286. https://doi.org/10.1016/j.conbuildmat.2018.09.1
26

18- Li, W., Jiang, Z., Lu, M., Long, W., Xing, F. and
Liu, J., (2021), Effects of seawater, NaCl, and Na,SO,
solution mixing on hydration process of cement
paste, Journal of Materials in Civil Engineering, Vol.
33, No. 5,
p.04021057. https://doi.org/10.1061/(ASCE)MT.194
3-5533.0003673

19- Sanchez-Herrero, M.J., Fernandez-Jiménez, A.
and Palomo, A., (2017), CsS and C,S hydration in the
presence of Na,CO; and Na,SO,, Journal of the
American Ceramic Society, Vol. 100, No. 7, p.3188-
3198. https://doi.org/10.1111/jace.14855

20- Lu, Z., Liu, J., Ma, S., Zhang, B., Xu, Z., Xie, J.
and He, S., (2025), Durability study of low-alkalinity
sulfoaluminate cement seawater—sea sand concrete in
a marine environment, Journal of Materials in Civil
Engineering, Vol. 37, No. 4,
p.04025051. https://doi.org/10.1061/IMCEE7.MTE
NG-18938

21- Yaphary, Y.L., Lam, R.H. and Lau, D., (2020),
Reduction in cement content of normal strength
concrete with used engine oil (UEO) as chemical
admixture, Construction and Building Materials, Vol.
261,

p.119967. https://doi.org/10.1016/j.conbuildmat.202
0.119967

22- Zhang, P., Wu, J., Wei, X., Zhang, C. and Gao, Z.,
(2025), Effects of polycarboxylate superplasticizer on
the rheological properties of cement-based
composites, Journal of Civil and Hydraulic
Engineering, Vol. 3, No. 2, p.77-
90. https://doi.org/10.56578/jche030202

23- Simsek, O., Aruntas, H.Y., Demir, I. et al., (2022),
Investigation of the effect of seawater and sulfate on
the properties of cementitious composites containing
silica fume, Silicon, Vol. 14, p.663—
675. https://doi.org/10.1007/s12633-021-01052-0

24- Chiker, T. and Aggoun, S., (2024), Limestone
powder and silica fume performance on slag-blended
PLC plain and self-consolidating  mortars
properties, Archives of Civil and Mechanical


https://doi.org/10.1515/rams-2024-0080
https://doi.org/10.1016/j.conbuildmat.2018.09.126
https://doi.org/10.1016/j.conbuildmat.2018.09.126
https://doi.org/10.1061/\(ASCE\)MT.1943-5533.0003673
https://doi.org/10.1061/\(ASCE\)MT.1943-5533.0003673
https://doi.org/10.1111/jace.14855
https://doi.org/10.1061/JMCEE7.MTENG-18938
https://doi.org/10.1061/JMCEE7.MTENG-18938
https://doi.org/10.1016/j.conbuildmat.2020.119967
https://doi.org/10.1016/j.conbuildmat.2020.119967
https://doi.org/10.56578/jche030202
https://doi.org/10.1007/s12633-021-01052-0
https://doi.org/10.1007/s43452-023-00805-5
https://doi.org/10.1617/s11527-010-9631-2
https://doi.org/10.1617/s11527-010-9631-2
https://marine-eng.ir/article-1-1225-fa.html
http://www.tcpdf.org

