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Evaluation of Chloride and Chemical Resistance of High
Performance Mortar Mixed with Mineral Admixture
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Abstract With the passing of time, exposed concrete structures are affected by a range of environmental, chemical, and
physical factors. These factors seep into the concrete and have a deleterious influence compared to the initial performance.
The importance of identifying and preventing further performance degradation due to the occurrence of deterioration has
been greatly emphasized. In recent years, evaluations of the target life have attracted increasing interest. During the
freezing-melting effect, a part of the concrete undergoes swelling and shrinking repeatedly. At these times, chloride ions
present in seawater penetrate into the concrete, and accelerate the deterioration due to the corrosion of reinforced bars in
the concrete structures. For that reason, concrete structures located onshore with a freezing-melting effect are more prone
to this type of deterioration than inland structures. The aim of this study was to develop a high performance mortar mixed
with a mineral admixture for the durability properties of concrete structures near sea water. In addition, experimental
studies were carried out on the strength and durability of mortar. The mixing ratio of the silica fume and meta kaolin
was 3, 7 and 10 %, respectively. Furthermore, the ultra-fine fly ash was mixed at 5, 10, 15, and 20%. The mortar
specimens prepared by mixing the admixtures were subjected to a static strength test on the Ist and 28th days of age
and degradation acceleration tests, such as the chloride ion penetration resistance test, sulfuric acid resistance test, and salt
resistant test, were carried out at 28 days of age. The chloride diffusion coefficient was calculated from a series of rapid
chloride penetration tests, and used to estimate the life time against corrosion due to chloride ion penetration according
to the KCI, ACI, and FIB codes. The life time of mortar with 10% meta kaolin was the longest with a service life of
approximately 470 years according to the KCI code.
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Table 1. Physical properties of Fine aggregate

Specific Gravity Absorption ”
Type (¢/emd) rate(%) EM
Fine 2.62 0.54% 2.87
Aggregate

* F.M : Fineness Modulus

Table 2. Physical properties of Superplasticizer

Density (g/cm) pH Usage

Binder weight

1.05+0.03 (20C) X0.5-2.5%
I~ L. 0

5.0£2.0
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X = B ul AT }_r;O T AL [e3} . . . ..
Ju Y Zebo|ofAl= =2 v EHAS 7FA AL 9l Table 5. Physical properties and chemical composition of
o] T=T wkgo] WA AP Y7L X XA ultra fine fly ash
FUH1]. Table 5 & AgolM AME Zakd Zejo] Type Test
OH }\]9] %ﬂ ﬂ?ﬂ&q E/K‘] O ]/]—]E]—\/H Al O]T;]— Si0x(%) 49.4
ALOs3(%) 27.5
hemical
. . . N pCrO::r‘;:S Fe,05(%) 843
Table 3. Pl}ys.1.ca1 p‘ropemes and chemical composition MzO(%) L6210
of silica fume
SO3(%) 1.12
Type Test Fineness(cm/g) 6,934
Type undensified Specific Gravity(g/cm) 2.58
Density(g/cm) 2.2
ignition loss(%) 3.45 below
f e, 150,000 ~300,000 =|
Physical surface area(/g) — 2 HH céil'*E-‘ 7;“
roperties Form Sphericity 90%
prep Particle size(4n) I A E @4 20 3ol A 94 H5H =
e 25030 9 )8 NTE /1 NFeR ESRE A A
Ingredient Silicon(85% more than) 23 wjetd Al e T3 A5 X StEol wet A5 A
SiOy(% 85~95 _ _ - -
%) AlskAct. Hﬂf‘“éﬁlt Table 6°l YERAITE A
ALO3(%) 1.5 below
Chemical Fex05(%) 3.0 below o Ao} AE7ELS SF, eSS MK, i =
rti 9 . = <
properties CaO(%) 0.7 below E]—O] OH}‘] UFFAZ mm }_ 0131 E‘%}%g E]'ﬂﬂ ijv'-ta
MgO(%) 2.0 below
SOx(%) 0.2 below shaAth gk E-AFAN}T 25.7%2 wlg- sol 2
< agste] 1Y SHFAE ARSI
Table 4. Physical properties and chemical composition of
Meta Kaolin =
2.3 M wy
Special Modifications Dehydroxylated 231 ?:»F g{ HpEH
ISO Bightness (%) 38 e <
Screen Residue, 325Mesh (%) 0.03 AlgA AZ & 2% 20 T, AEFE 60 %ol A 24
1 0, - = - = -
Free Mmsturep%digjddeg C (%) as 05 Zl' 74 X] o %],‘_50],%715 /\]__g_;)—]_o% = 60 C /\I—];H =
pH (28% Solids) 6.0 90 % olAe] oA 11417 Bot 57 dAS
Density (g/o) 2.63 gttt 57] FAol Tt T AFAHS BEoA
Particle Size (Less than 2um) = 80 o >~ = o
° A 0 C, AHFE 60 %ol F7F FAS
Bulk Density, Loose (kg/m*) 260 ]-?:L E} ] > © HHJ‘ ? ] 1 T ]— ° ge
Bulk Density, Tamped (kg/m) 480 23y 3]‘99\‘:]'[4]-
Oil Absorption, Rubout (ASTM D-281) 70~80
Table 6. Mix design
Unit Weight(kg/m3
Designation W/C (%) g.( ¢/m3)
W C Admix. S SP
Control 696.0 0.0 1572.0
SF 3% 675.1 20.9 1564.9
SF 7% 647.3 48.7 1555.4
SF 10% 626.4 69.6 1548.3
MK 3% 675.1 20.9 1569.0
MK 7% 25.7 179 647.3 48.7 1564.9 8.4
MK 10% 626.4 69.6 1561.9
UFFA 5% 661.2 34.8 1566.3
UFFA 10% 626.4 69.6 1560.5
UFFA 15% 591.6 104.4 1554.8
UFFA 20% 556.8 139.2 1549.0
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Fig. 1. Static strength test
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Table 7. Resistance to chloride ion penetration

Coulombs Rating
4,000 < High
2,000 ~ 4,000 Moderate
1,000 ~ 2,000 Low

100 ~ 1,000 Very Low

< 100 Negligible
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Table 8. Static strength test Results

Flexural
Strength(MPa)

Compressive Strength

Designation (MPa)

1Days 28Days 1Days 28Days

Control 50.29 59.02 9.32 12.01

SF 3% 55.20 65.94 9.77 11.99

SF 7% 57.22 76.52 10.66 13.05

SF 10% 57.76 79.08 12.93 13.63

MK 3% 47.98 58.57 8.98 12.62

MK 7% 49.97 65.29 10.12 11.05

MK 10% 63.44 68.97 12.07 12.07

UFFA 5% 54.41 61.08 8.20 13.67

UFFA 10% 47.00 57.77 9.69 13.98

UFFA 15% 48.56 64.24 10.25 12.34

UFFA 20% 50.72 64.36 10.49 13.40
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Table 9. RCPT (Rapid Chloride Permeability Test)

Results
Designation Coulombs (C) pennzzlljitlli‘;}e/ %)
Control 1761.67 100.00
SF 3% 661.29 37.54
SF 7% 301.55 17.12
SF 10% 127.95 7.26
MK 3% 1056.21 59.96
MK 7% 306.93 17.42
MK 10% 97.94 5.56
UFFA 5% 1981.97 112.51
UFFA 10% 1392.24 79.03
UFFA 15% 982.60 55.78
UFFA 20% 631.06 35.82

2500

E=Coulombs  -=-relative permeability

2000 11251

1500

1000

Coulombs (C)
Relative Permeability (%)

500

control| 3%

7%
SF

Fig. 2. RCPT (Rapid Chloride Permeability Test) Results
Graph
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Table 10. Resistance of sulfuric acid test Results

. Weight Change Ratio(%)
Designation
7 Days 14 Days 21 Days 28 Days

Control -5.156 -15.000 -25.859 -37.961

SF 3% -3.973 -13.346 -23.744 -35.594

SF 7% -4.661 -13.485 -23.106 -34.389
SF 10% -4.245 -12.703 -22.063 -32.916
MK 3% -8.430 -18.463 -30.098 -41.507
MK 7% -7.512 -17.372 -29.512 -41.118
MK 10% -7.095 -16.350 -27.236 -38.312
UFFA 5% -5.450 -15.315 -23.496 -31.677
UFFA 10% -5.178 -14.781 -22.867 -30.954
UFFA 15% -5.262 -15.527 -23.578 -31.629
UFFA 20% -4.661 -15.199 -23.727 -32.256
3.4 Holl Mgty Az
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Table 12. Diffusion coefficients, Depth of penetration
and Life Cycle Prediction

& st ek 100 m= A A A
Diffusion Chloride Life Cycle
2 2222 Zglo]ojla < k) X47U]—}_
§ Ag Sefeleireh Fefrel e K i EA Designation Coefficients Depth Prediction (year)
sto] AE Aol gk AL 3HA] ¥ttt A Ask= (10-12m2/sec) | (mm) | KCI| ACI| FIB
o]& Er = AZA S 04%2 FUldA FAS Q) Control 6.973 13.03 35 | 55| 55
SF 3% 3.475 9.14 77 | 131 | 149
Table 11. 1 bl SF 7% 1.802 5.77 154 | 303 | 388
nput variable
able 11. tnp SF 10% 1.638 530 170 | 341 | 444
Wiy | Surface | Critical MK 3% 4.693 9.17 55 1 90 | 97
mu.a chloride | chloride . sheath MK 7% 2.198 7.00 125 | 232 | 286
divisi chloride . . material thick
VIS concentr | " fon age ieknes MK 10% 0.610 5.76 469 | 1149 | 1781
on . concentr concentr . S
ation ation ation index (mm) UFFA 5% 7.452 16.29 32 | 51| 50
(kefn) (kg/m’) | (kg/m’) UFFA 10% 2.781 8.43 97 | 173 | 204
KCI 03 UFFA 15% 4.934 11.20 52| 93 | 100
0.2
ACI 0 45 2784 40 UFFA 20% 5.585 12.55 45 | 80 | 100
FIB 03 03
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Fig. 3. Life Cycle Prediction Graph
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