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1 Mother concrete
2 Concrete equivalent mortar (CEM)
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Properties Cement Lime Silica Zeolite
type ll Powder fume

Si0, 20.74 2.8 94 67.2
Al,0; 4.9 0.35 11 10
Fe,0; 3.5 0.5 1.27 1.2
Ca0 62.95 51.22 0.11 1.4
Mgo 1.2 1.8 0.14 0.73
50, 3 1.24 0.28 0.082
Na,0 0.47 - 0.29 4.1
K,0 0.58 - 0.25 2.2

Table 1. Chemical properties of cement, limestone powder and mineral additives

gﬁaxﬁbljjd}é)lﬁjwk‘,ﬁméuw.* Jad>

. W/C Binder Cement Silica Zeolite Limestone Gravel Sand Superplasticizer
Mix ID fume powder

(kg/m?) (%)

PC-Ctrl 045 380 380 0 0 0 725.26  1087.89 0.3
scc-Ctrl 045 380 380 0 0 100 685.65 1028.48 0.7
SCCSF8  0.45 380 349.6 8 0 100 681.26 1021.89 0.9
ScCz15 045 380 323 0 15 100 676.66 1014.98 1.7
SCCSF8z15 0.45 380 292.6 8 15 100 672.26  1008.4 19

Table 2. Concrete mix proportion and superplasticizer demand
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Cement Water Sand Limestone powder Silica fume Zeolite Superplasticizer
i 3 3 3 3
Mix ID wy/c () (g e/m) (kg/m?) (kg/m?) (kg/m?) w
MPC-Ctrl 0.45 380 171.1 1813.15 - - - 0.3
MSCC-
Ctrl 0.45 380 203.28 1714.13 100 - - 0.5
MSF8 0.45 349.6 202.8 1703.15 100 30.4 - 0.7
MZ15 0.45 323 206.91 1691.64 100 - 57 1
MSF8715 0.45 292.6 202.57 1680.66 100 30.4 57 13
Table 3. Mortar mix proportion and superplasticizer demand
R 35T A 09 slade 9 (SO I Cwglio -Y-Y B b (sbss ol e Jsloms O Jls 5 £ 6 Jgar
stﬁfg‘ 93 Cj.a )‘ u':"‘h}}.’. g)'l‘ BE ‘_;g-:f&“ C,.a)u.a Kas Ton type (ppm)
"):J.OLA WO&JJJJUIASOJ{OJ)}I@&))LAAQ}J}J. Ca™ 480
. . . Mg* 1600
Ll ASTM-C1556 [40] s jlilsl b (b jlss = b s &
Na* 12600
it Yals 11411 OC glos 3 sl VY ke 4 L o °
K* 470
_ S o SO& 3300
Co.?:)}ﬁ 6;‘“. 4 gau g_ﬁjb )L@?ﬁ)‘ CMJJ (4o ga0
cr 23400

s Jaie ASTM-CI1218 [41] s)ubd b, .1

Table 4. Composition of simulation ponds
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J-Ring V-
funnel  Slump
Mix ID -h, flow flow 130 VSI
(mm)h,; time (cm) ©
(s)
PC-Ctrl - - 8
SCC-Ctrl 5 6.1 70 2 1.5
SCCSF8 4 8.22 68.7 3.8 1
SCCZ15 9 10.4 67.4 43 0
SCCSF8Z15 8 10.5 66 45 1

Table 5. Fresh concrete results
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Fig. 1. SDF of concretes placed in 1) Sub-merged 2) Tidal 3)
Splash conditions
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ID Mix ﬂx;ilinmr;ezs) Mini s}l:rrrrg) flow
MPC-Ctrl - -
MSCC-Ctrl 7 26
MSF8 9 25.3
MZ15 10 24.7
MSF8Z15 10 24.1

Table 6. Fresh mortar results
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Fig. 2. Porosity of mortar in control and submerged conditions
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Fig. 3. Mortar sorptivity coefficient in all conditions
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Abstract
The Persian Gulf is well known as one of the most aggressive environments in the world because of its high
relative humidity, temperature, and concentration of chloride ions. Concrete structures are increasingly being
deteriorated in this region. Therefore, improving the durability of concrete structures in this environment is an
important issue. Supplementary cementitious materials (SCMs) can be useful for concrete durability
enhancement in such harsh environments. In this paper, the effect of silica fume on deterioration resistance to
sulfate attack in seawater within simulated splash, tidal and submerged conditions have been studied in self-
consolidating concretes and mortars containing silica fume (SF) with/without natural zeolite (NZ). To achieve
this objective, self-consolidating concrete specimens and concrete equivalent mortars (CEMs) with/without
15% natural zeolite and 8% silica fume with a total binder content of 380 kg/m3 and a constant water to cement
ratio of 0.45 were fabricated. Limestone powder (LP) is also used as an inert filler in all SCC/CEMs.
Additionally, both the conventional and SCC mixes were subjected to these durability tests to compare their
performance. After 7 days of curing in a saturated calcium hydroxide solution, all of the specimens were
subjected to three exposure conditions (tidal, splash, sub-merged) for 28, 90 and 180 days of testing ages. After
taking fresh property testes of mortar/concrete samples by SP demand, slump flow, visual stability index, J-
Ring, T50, V-funnel tests, several standard hardened property and durability tests were investigated by
mortar/concrete compressive strength, chloride permeability, concrete electrical resistivity, mortar capillary
water absorption and porosity tests. Moreover, the degree of sulfate attack was evaluated by measuring the
expansion of mortar prisms. Traditionally, the extent of sulfate attack is quantified by the percent expansion
of prismatic bars completely submerged in sulfate solution and this exposure regime used to evaluate sulfate
attack is not typically representative of that encountered in the field. Wherefore, here in this investigation,
prismatic bars were placed in different conditions mentioned and exposed to simulated seawater solution then
expansion values evaluated. In addition, a reduction in compressive strength of all specimens was denoted by
the strength differential factor (SDF). Results demonstrated that the incorporation of SF with NZ mixes in
different exposure conditions led to the lowest absolute value of SDFs in all of the simulated-testing
environment. Conversely, the lowest level of compressive strength at all testing ages was obtained for ternary
blended cements (PC+LP+SF). Therefore, it can be concluded that SF has a negative effect on the compressive
strength of SCC exposed to Persian Gulf seawater solution. This is attributed to the Mg-oriented sulfate attack
which was more deleterious in SF ternary blended cements. All in all, the results were obtained from a
laboratory set up and indicated that when the durability properties of the concretes in such environments were
taken into account, the quarterly use of zeolite and silica fume (PC+LP+SF+NZ) provided the best
performance in all exposures. Furthermore, self-consolidating concretes and mortars performed better than
normal types. Besides, it is concluded that splash zones affect concrete specimens more harshly than other
conditions.

Keywords: Durability, Self-consolidating concrete, Self-consolidating mortar, Supplementary cementing
materials, Seawater, Exposure condition.

YAY



