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ABSTRACT: Marine structures are considered as infrastructural structures due to their special
geographical location and their important share in the country’s economy. The most important damage
to marine concrete structures in the tidal zone is due to the corrosion of reinforcements in concrete.
These conditions reduce the useful life of concrete structures. One of the effective methods to prevent
corrosion of reinforcement and reduce the penetration of chloride ions in concrete structures in marine
environments is to improve the quality and mechanical properties of concrete using microsilica, although

various studies have been conducted on this subject. However, this paper intends to investigate the Keywords:
optimal use of microsilica in reducing reinforcement corrosion in marine concrete structures on the
properties of hardened concrete in 18 months and at different times. In the Sample laboratory, with a
ratio of water to cement, 34% ,40% and superplasticizer range from 3% to 6%, and the microsilica with
the percentages 7,10,13, made, and after the exposed conditions on aggressive, etc. testing corrosion
rate, has been measured. The results show that. The effect of concrete mix containing 10% silica fume

with a ratio of water to cement 34%, the durability of the reinforcement against corrosion and service
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life of marine structures increases.

1- Introduction

Degradation of marine concrete structures due to corrosion
of reinforcement, under the influence of chloride ions, is one
of the main causes of the destruction of reinforced concrete
structures. The conditions governing marine structures on the
shores of the Persian Gulf, both in terms of salts in seawater
and in terms of the prevailing climatic conditions, have
made this environment one of the most aggressive marine
environments in terms of corrosion. Early breakdowns
of concrete structures in the Persian Gulf region due to
reinforcement corrosion have already imposed high repair
costs on the countries of the region, which is a serious and
important economic problem. For this reason, the growing
acceptance of the causes of corrosion of reinforced concrete
buried in concrete, ways to prevent it, factors that cause high
strength and durability of concrete is a sign of the importance
of the issue. Reinforced concrete structures in the sea are
exposed to chemical and electrochemical damage. The most
important causes of corrosion are two phenomena of air
carbonation and chloride infiltration. Due to reinforcement
corrosion and cracking of the concrete, the useful life of
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marine concrete structures is significantly reduced. This type
of damage is more common in the tidal zone, because in the
tidal zone, due to wetter and drier the penetration of chloride
into the concrete is intensified and as a result, the intensity of
corrosion increases.[2 ,1]

2- Methodology

In this research, Portland cement type 2, Tehran cement
factory with a grade 0f 400 kg/m? has been used. The aggregate
used in making the samples is made according to ASTM-C33
standard .[3] The aggregate used in the construction of these
samples is shown in accordance with the granulation of
Table 5 and Figures 3 to 5, which complies with the ASTM
regulations for the aggregation of consumables in concrete.
The prepared sand is river-type with a specific weight of 2560
kg/m? and the crushed sand is prepared with a specific weight
of 2650 kg/m?. Consumable aggregate prepared from Omid
crusher sand mines has been prepared near Shushtar city at
a distance of about 195 km from Mahshahr city. Since the
use of microsilica in concrete increases water consumption, a
superplasticizer was used to create high fluidity in the concrete
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Fig. 1. Effect of microsilica on compressive strength of 28 days of concrete

mix and not to use more water, which will affect the porosity
and strength issues. This reduction in water content will
increase the strength and durability of the concrete4] |. In this
research, MECRET TB 101F is used. This superplasticizer is
delayed and its combined base is naphthalene and melamine
and corrosion resistant, which is suitable for marine structures
and corrosive environments.

3- Results and Discussion

To test the compressive strength of concrete, 15 x 15
% 15 cm? cubic specimens were prepared and the results of the
compressive strength test are shown in Table 6 and Figure 9.
As can be seen, for all three concrete samples containing 7, 10
and 13% microsilica, the compressive strength was 28 days
higher than the control sample. The percentage of lubricant
is 6%, which is about 32% higher than the control sample
[58-]. Considering that the aim of this study is the optimal
use of microsilica in reducing the corrosion of reinforcement
in marine concrete structures, concrete samples were kept
in the laboratory and in the conditions of the Persian Gulf
environment for 18 months. Corrosion tests were performed
on the samples every 4.5 months. Was performed, and
laboratory results were compared. The corrosion intensity
in terms of concrete age (corrosion duration) for samples
containing 7, 10 and 13% microsilica (cement weight) and
sample without microsilica (control sample). The corrosion
intensity of samples containing microsilica in the range
of 7 to 13% over a period of approximately 18 months is
much lower than the corrosion intensity of sample without
microsilica. Cements are placed; firstly, they fill very small
glazed spaces, and secondly, because they are chemically
active, they combine with calcium hydroxide [Ca(OH),]
from the dewatering of cement and convert it into hydrated
calcium silicate. This reduces the voids in the reduced cement
glaze of calcium hydroxide to a more solid body similar to
other cement paste silicates, the texture of the cement paste
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becomes more uniform and the properties of concrete are
improved, causing corrosion resistance and a significant
improvement in permeability. Concrete becomes aggressive
in environments. Comparing Figures 12 and 13 and the
corrosion intensity of laboratory samples according to the
age of concrete for 34% w /c, 4% w/c and 3% of different
microsilica, shows that the corrosion intensity in concrete
samples with water to cement ratio of 34% (34 % w/c) is
less than the water to cement ratio of 40% (w/c = 4%), and
this is due to the reduced permeability of concrete in a fixed
superplasticizer with a lower w /c ratio.

4- Conclusion

Considering that one of the main causes of premature
failure in reinforced concrete structures is corrosion of
rebars due to chloride penetration in concrete and the most
important factor in increasing the rate of this degradation is
concrete permeability, the use of pozzolanic materials such as
microsilica has a positive effect on It has corrosion, increases
electrical resistance and decreases concrete permeability. The
aim of this study is the optimal use of microsilica in reducing
reinforcement corrosion in marine concrete structures, which
is as follows with a replacement ratio of 3% microsilica and
the use of superplasticizer and reducing the ratio of water to
cement.

A) The use of concrete containing microsilica in the
range of 7 to 13% by weight of cement has a significant
effect on reducing corrosion compared to concrete without
microsilica. Therefore, the use of microsilica affects the onset
and propagation time of progress in steel corrosion.

B) Due to the reduction of concrete permeability, the
water to cement ratio of 34% for three different percentages
of microsilica was more appropriate than the water to cement
ratio of 40%.
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Fig. 1. Satellite image of the p1 pier of Imam Khomeini port

L aVlo & siwd gued plol jui 0 ewds )y OYpame lpls
Elgl Cloyly g Slydlo 5 yaudeo YO ) i o uiS VE+ D9 by,
ot s i &S ooy olaidl sed a1y slewd 5 555 (sloedyl )3
by alSwl opl aib e Ll condo s slagaizme Mg lyeiwl 1)

ol ors 1l g slb AV J » TOA Ty ol; SleS

Ll 53 (gt (SU003les e yor IS 5 (o5 Jle -
2o (o
Candg b alon g ol g orldl i J1 o) @l ulie g s
9 055 lp ) dsbusl bulyd Sl ol g 039 plea 5> Slojy
5 e o S e g Wil L e (i slrojls plagd]
YU slos ol las 30 pdae i slaojle (gl basls oy paclusl
23609 59y Sld Job 53 Led b il dgtl s (Sodp Jd>
o] @ cans o)b s Ol jd 3390 Ml 390 3L Jlo Jsbo
Sl yol ol Y 5l B olil ot ) s ol > ol
o5 olyon & 5o adlale sk g pS 5 (2pb lsp ol ode
olidgs ma gy cul [VV] WS e brale 1) )18 Jled by
g oo e I 5355 plus sl (93BT i 4 o 5 Ay
5 035 35 o 35 SB > 4l O o s & el (K> Bk
A3 oo s 4slE Slidiss @S ol 505 &S5 L Ngb o Oylud Coge
obos sy 5 b gl il ool slacalys A 5l i o

buwg gols gwyp (VY 5 VW] Wibige u 0 2,8 e Do 5l 8L

Ydoo

ozl by oS sl o3l (i 35 oSan 5 'Sl 3] Sliios [VY]
Caoglio )y gl el o3l S b olyor Luslowg Suo ZV+ )
DA gdcn lod Jalge pln > 2 pdided Jials g ()lié
O3 PV 05 oSl b o ol (liSen 5 7ol el clados
glio o5l Jpazmo Olyld) SBA W51+ g by S loges
S92y g Sl SMos ply 53 i Canglie Jljl sl (Sl
3Sles 3940 slp (SF) Luakow 393 03958 o, Kan ¢ T390 [VA]
G oyl 5o ol ooty 1y o yle)] (5,8 plp 53 Cueglie
(VY 5 75) o938l b ol i (S Sl Canglio g (6 Lid Caoglio gulis
e BB g cilisee Glows 4 Ol Cani b (5 4 (SF) a2

IY T el g 42 oaleg slalamo 53 (2 (62pd985 >

8395 Jow By -
Oliwisd ol (28 g 53 e plol 1 PT Sl oy Joxs
o) s (dalo 3blie )3 (pwge 53 (ol Jlad dde (e )3 5
9 SB ol (Sogll (o) ls ol 3ble )5 () JS3) Lal e
2Vl sl Vb Caghy o5 sl phe (o ol 4 ailaie >
S sl C s g 1S o0 SaS ool g 55 K39y 4y &S sl (50
Sl 5 we sloalSnl ) P2 g P1 (clmalSnl imd o Lol

1 .Wang
2 .Kramullah Khan
3 .Dotto



X 93 99k, (53,55 g plof joiy Pl Sl o 55 51 aaled ¥ JSU

Fig. 2. View of the destruction of Bandar Emam P1 pier and corrosion of reinforcement in concrete
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Table 1. Chemical properties of cement
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Fig. 3. Broken sand granulation (12-25) mm Shredder Omid Crusher

MEICRET) w.os o Slo 0ai8 g, (398 dlo Gui>s oyl 53 il
ab g ol 1500 008 g,y G9b ol cunl osds exlil (TB 101F

e &S Al (5055 plp 3 pslie 5 ceMe g (Wl ol S

Ll cowlio oyt sl 9 by slaojlu

O Se Cloes] =¥ ¥
W8 ool )90 (0515 5 Canglie eplyd aliSl Cp g e
SS9l el domil )3 5 3o YRS WD A 1) (£ didsh 9055
IY] 2900 0kyp Jalge blie )> o (0 )3 Hgila)] (53,65 ]
Obrwg B CS 50 Ll Se (B85 (pal )3 0 odlitel pulig ;S

yaov

PSS VPO (ogasie (s b atasil g5 5l ol s (b 9 oS o
Mugwubhﬂ)lbmwuﬁ)‘m&‘ﬁwmbuﬁ@ﬂf
S kS VA0 dgu ol 4 j1bgd Gl b Jlg )3 el S8 S

) 005 ApS it Lo ul“*’ﬂ:“

odS U‘ﬁ) 099 L;J.)9)9| do.)'va -y -¥
393 oyl &S i O jleslatul pae g o bgle 1 YU g, sbl cas
oxlatwl 0uiiS lgy 368 5l ccudly dald 3l Cuoglio o Jdow Pluws p



VAPA B YAOY aio ¥+ ) Jlo A o)losd DF 0,93 S yual lpos owdigen it

W e sl kel el g Seta B
A iaa
BT I
s A St e
g fus Pyt
i [ —
e T
morw T gT Y TN e pe ey vives
el = AT
—_— e e i
T IT TR PRI i PR WL givlg
4 )
7 ”
[N »
JF
r "
]
. FF .
F ;
? -
: Ji
2 A .
;
i, > "
H
=
E ]
LY LY L1 [ ™ = E=lkp
| [ | e | & | p, ] BT
"
| | S | e | - | AN
5E= :'«'JJH—‘\-J'J_-l m}-.-!.-" f\-..kl.!-(ill ETTCIESY
= | | s | e
et
o s 2N KT

by el S S e (14-0) il o s F UK.

Fig. 4. Crushed sand granulation (5-19) mm Shushtar Omid Crusher
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Fig. 6. Aggregate (5-25 mm sand) and (0-5 sand) washed twice salt used - Shushtar city — Iran
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Table 5. Determining the percentage of mixing ratios of concrete laboratory samples
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Table 6. Results of 28-days compressive strength tests on concrete specimens
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Fig. 9. Effect of microsilica on compressive strength of 28 days of concrete
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Fig. 10. Corrosion rate of concrete specimens at different times (SP = 0.6, w/c = 0.34)
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Table 7. Corrosion intensity ranges and its interpretation
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Fig. 12. Corrosion density of concrete specimens at different times (SP = 0.6, w/c = 0.34)
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