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ABSTRACT: Due to the importance of coastal structures and the existence of destructive environmental
conditions near the shores, the maintenance of these structures is more important. One of the ways to
maintain such structures is to apply a protective coating layer of mortar. While cement-based mortars
are known as the most common materials for repairing damaged structures, in recent years, due to
the importance of environmental impacts and also in order to reduce energy consumption, geopolymer
mortars have been considered an appropriate alternative. Geopolymers are inorganic aluminosilicate
compounds in which, instead of cement, a matrix of aluminosilicate materials (pozzolans), activated by
alkaline activators, plays the role of cement paste in the mortar. In this research, mechanical properties
and durability of 6 mortar mix designs, including four cement-based mortar mixtures containing
supplementary cementitious materials (SCMs) and two geopolymer mortar combinations with furnace
slag and silica fume that cured in the simulated Persian Gulf environment, have been compared. In this
regard, to compare the mechanical properties, compressive strength, tensile strength, and drying shrinkage
tests were conducted. Also, the capillary water absorption, water penetration under pressure, and rapid
chloride migration tests are performed to evaluate the durability. The results of this study display that
ternary cement-based mortar with higher amounts of SCMs is a better choice than binary cement-based
mortars and geopolymer repair mortars for repairing damaged concrete structures in coastal areas such
as the Persian Gulf coast. Among other mixtures, the geopolymer mixture with potassium hydroxide as
an alkaline activator and the cement-based mixture with a replacement of 7.5% by weight of silica fume
can be introduced as suitable materials for repairing marine structures.
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1- Introduction

Repairs of coastal concrete structures that have been
damaged by coastal environmental conditions have been
a significant issue in various countries in recent decades.
Reinforcement corrosion due to the penetration of chloride
ions in coastal areas, including the southern coast of Iran,
is one of the important causes of the failure of concrete
structures. After determining the cause of failure in these
structures, the most important task is selecting appropriate
repair materials, the main features of which are low
permeability and high adhesion to the concrete surface.
According to various researches, using cement-based mortar
by replacing different percentages of furnace slag and silica
fume instead of Portland cement and geopolymer mortar can
be suitable for repairing structures damaged by chloride ion
attacks and corrosion of reinforcement.

Most of the research that has been done so far in the field of
durability in coastal environments has used concrete samples,
and fewer repair mortars have been studied. In addition,
no laboratory research has been performed to compare the
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durability of cement-based mortar containing supplementary
cementitious materials (SCM) and geopolymer mortar
coatings under Persian Gulf simulation conditions. Therefore,
the results of this study can be effective for the final choice
between these materials for damaged structures.

2- Experimental program

In this study, Portland cement Type 2, normal sand, furnace
slag, and silica fume (SF) as SCM were used for making
cement-based mortar samples. Besides, furnace slag and SF
as base material and sodium hydroxide, potassium hydroxide
and sodium silicate (SS) as alkaline activator solution (AS)
were utilized for producing geopolymer mortars.

Based on the previous research, four cement-based
mixtures containing SCMs with water to cement ratio of
0.33 and two geopolymer mixtures with alkaline activator
concentrations of 6 molars were selected as the final mix
designs. The mix proportion of cement-based mortar and
geopolymer mortars are indicated in Table 1 and Table 2,
respectively.
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Table 1. Mixture proportion of cement-based mortars

Materials and proportion OPC 7.5 SF 30SI1 7.5SF30SI1
Ordinary Portland cement (kg/m?®) 720 666 504 450
Furnace slag (kg/m?) - - 216 216
Silica fume (kg/m?) - 54 - 54
Free water (kg/m?) 237.6 237.6 237.6 237.6
Fine aggregate (kg/m?) 1381 1361 1358 1339
Superplasticizer (% of cementitious materials) 0.8 1.1 0.8 1
Flow table (mm) 170 160 160 150
Table 2. Mixture proportion of geopolymer mortars
Mixture ID AS Molarity AggtoPozz AStoPozz SF (%) SStoAS
KOH KOH 6 2.75 0.6 5 0.4
NaOH NaOH 6 2.75 0.6 5 0.4
Table 3. Summary of test results
Tests Time Mixtures
(Days) OoPC 7.5SF 3081 7.5SF30S1 KOH NaOH
28 56 68 58 66 75 63
CS (MPa)
90 66 74 67.6 76 88 74
TR (MPa) 28 1.5 2.3 2 2.5 2.4 2.25
28 1.77 3.10 1.70 3.42 4.40 3.78
SR (MPa)
90 2.23 3.35 2.63 3.83 4.55 4.18
DS (%) 90 0.13 0.16 0.08 0.10 0.19 0.24
28 19 4.5 4 3 9 9
DP (mm)
90 8 3.7 3 1.6 5.8 6.5
RCMT 28 7.44 243 1.52 1.12 1.16 1.34
(1012 m?/s) 90 3.86 1.45 1.45 0.42 0.48 0.61

Compressive strength test (CS), tensile adhesion
resistance test (TR), shear adhesion resistance (SR) and
drying shrinkage (DS) were used to evaluate the mechanical
properties of hardened mortars. Also, in order to investigate
their durability features, water penetration under pressure
(WP) and rapid chloride ions migration test (RCMT) were
investigated.

3- Test results

The summary of mechanical and durability test results is
demonstrated in Table 3. According to the results, geopolymer
mortars, especially the mixture containing potassium
hydroxide, had the highest compressive strength. Among the
cement-based samples, due to the higher pozzolanic activity
of SF, the compressive strength of the samples containing SF
was highest. Over time, specimens containing furnace slag
had more compressive strength than the OPC. Due to the
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more sticky nature of their paste, geopolymer mortars and
7.5SF30S1 have a higher tensile and shear adhesion resistance
than other cement-based samples. Besides, the use of SCM
increased both the tensile and shear adhesion resistance of
cement-based mortars. After 90 days, geopolymer and SF
mixtures have the highest drying shrinkage, while using slag
reduces cement-based repair mortars’ drying shrinkage.

As can be seen in Table 3, due to the pozzolanic activity of
SCMs, the penetration of water is reduced in SCM mixtures.
Also, both geopolymer mixtures reduced the water penetration
of mortars compared to OPC. In RCMT, as predicted based
on the other test results, geopolymer and SCM samples have
the lowest diffusion coefficient. The better performance of
geopolymer mixtures in mechanical and durability properties
can be related to the less porosity of geopolymer paste due to
the geo-polymerisation. Also, the pozzolanic activity of SCMs
enhances the SCM mixtures’ mechanical and durability.
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4- Conclusion

The summarized experiment results of this research are
mentioned as the following:

e Geopolymer repair mortars had the highest
compressive strength, tensile and shear adhesive strength.
They also performed better in the RCMT test while their
water penetration results under pressure were less than SCM
mixtures. The worst performance of geopolymer mortars was
related to the drying shrinkage test, in which they had the
highest shrinkage. In general, the performance of the KOH
activator was evaluated better than NaOH in geopolymer
mixtures.

* SF as a high-activity pozzolan had a significant effect on
cement-based mixtures’ mechanical and durability properties.
Generally, its performance was less than geopolymer mortars.
Using ternary cement-based mixtures containing 7.5% of
SF and 30% slag had the best performance in cement-based
mixtures.

* Although using 30% of slag reduced the compressive
strength at early ages, its performance was evaluated better in
the case of tensile and shear adhesion tests, water penetration,
and RCMT tests.

* Finally, after reviewing all the obtained results, it can
be concluded that ternary cement-based mortars with higher
amounts of SCMs (7.5SF30Sl) can be a better option than
binary cement-based mortars and geopolymer repair mortars

for repairing damaged concrete structures, especially in the
Persian Gulf marine environment.
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Table 1. Chemical properties of Cementitious matrials

LOI K:O Na;O MgO CaO Fe:03 ALO3 SiO; S|
YN - 10¥F <\A YIvY FYINY A Y YY/OVY (1) ¢slowmw
10 VIYY - IfY NG /%4 <Y \7Al af/Y (1) udawod g
A AV Y ABY YRS Ve WoF ¥V (1) 63195 50T 0385 63l yus

2Ll 3,90 (Slomw glas (S 5 Clasudo .Y Jouo

Table 2. Physical properties of Cementitious matrials
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Table 3. Pozzolanic activity of furnace slag
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Table 4. Mixture proportion of cement-based mortars
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Fig. 3. Compressive strength test results
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Fig. 4. Pull off test results at the age of 28 days
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Fig.5. Shear adhesion strength test results
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Fig. 6. Drying shrinkage test results

st glabglse )5 jlade (pl a5 cunsl Vb (g LB e 40 sy
ol Y et 31 (Sl il (g pSady iRl (Y550 dlse
28 il o (2 Slge bawgi 466 J5 Mg ol |) oy
59@3C,‘.p(?gjdlﬁd%dwsamﬁ&ﬁydbtééxﬂ)é&1do
awge Ol Ola Cops (g Vb o0 dasMe blE a5 [V5] 51 3959
ExSIA LS wlodh g iz |y ol e o3, (B)IS ) ol iz
2 bS53, ol Sl 4 d 0 Sl and b gl S35 3 ladiges
02)8 o Juaio (005 4 bS5 pl LI g oud sl adiges Hlsle
o1 (5 yosks3s sadiges dinge O Clo (Il o Jole e oS
o3y &y Ol Gla 381 a5 conl astiie banylages p3 B> b [YF] ol
Sl Bl o 0y cpl &S Caol 23kl Bl adel Clelw yd ladiged 4o

A0 ) s yeabsy sladiges [l oS 55,

s o O dgis ool = =
sl 5 bl olsie &1 85 o 45 o bl

28 (Byma M g oy Elgl (algd Slaogiad g plgd (e (s )

YEFY

OlFee oty cnl > (n e ol Sloww b oMo I iy
chalyd 53 Candls bajai 35 (gl yoskisss a0l e 0 Ol s
Gpas Ol Slaww al slabsglseo 1 Gl (ol 18 55 o
OlaS 5 e (S8 per ol iete Olgie ) Jole (wen 9 9900

[¥] ol o o)Ll o] 4 55,505 Sladss jd a5 Canily (6 poubg5s

Bl dige (slalad 4 Of dois b i 5 Sty o psbplen

Foe dole b 093 9 (535 fo ke 09 Wlgie e g (30
5ot B lalad 3l 4y Ol des5 asl cilises (glaygy 398 5o 52
o 09 35 (25 9 glsel 2058 5 s Jlosl sl 51 2 25 Mo
B> 4 Ol 3685 pliee (a5 s slool, Sl (S 0,5 o0 90
S35 093 Ol a8 (cland 53 a5 conl aipge Ol Gla islojl dadiges
S0y ilejl @y e g9y Jlosl 4 (G5l g 00 2l Al g (slalad
o 2 Age Ol Gl ol 55 Gl cnl )3 9500 e 4 )l
Atle Linle)] ol gl skimd LB Y S &S a8 plol g, YA

Olos SMo 38l diges ,d Ol Gla e sl gl jl a8 jgb sl



YO+ B YFYY aio V¥ Jlo A ojlod F 0,90 ¢ oS yuol lpas wdige &y il

7
6
5
—@—OPC
—4
§ —9—7.5SF
=3 030 SI
5 7.5SF 3081
=0=—KOH
1 =@=—=NaOH
0
\ Y 4 Yf Yy
(cel) oo

393 YA o 3 (g ol Gl Glubojl gl .V U

Fig. 7. Capillary water absorption test results at the age of 28 days.
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Fig. 8. Water penetration under pressure test results
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