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The Statistical Hypothesis Verification to Influence of Addition of Metakaolin and Silica
Fume on Compressive Strength and Chloride Ion Penetration of High Strength Concrete

ol g SN

Min, Jeong Wook

Abstract

Metakaolin is a dehydroxylated form of the clay mineral kaolinite. Rocks that are rich in kaolinite are known as china
clay or kaolin, traditionally used in the manufacture of porcelain. The particle size of metakaolin is smaller than cement
particles, but not as fine as silica fume. This paper investigates the effect of the concrete containing metakaolin as a
mineral admixture on the compressive strength and resistance properties to chloride ion penetration. In this study, the
experiment was carried out to investigate and analyze the influence of replacement ratio of metakaolin and micro silica
fume on the compressive strength and chlorine ion penetration resistance of concrete. All levels were water/binder ratio
30%, replacement ratio of metakaolin and silica fume were 0, 5, 10, 15, 20% respectively. The compressive strength of
concrete using metakaolin tends to increase, as the replacement ratio increases but the chlorine ion penetration resistance
was not so as lager as silica fume concrete. Therefore, the optimum mixing ratio of metakaoline to satisfy a properties of
compressive strength and chlorine ion penetration resistance was was approximately10%.

Keywords : Metakaolin, Silica fume, Hypothesis verification, RCPT, Mineral admixture
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Table 1 Comparison to T—test and Variation Analysis

Variable Groups Formula

T—test 1 2 t—value
Variation | One—way 1 more

. F—value
Analysis | ANOVA | more than 2| than 2
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Table 2 Experimental Programs

Table 4 Physical properties of fine aggregate

Items Program
W/B (%) 30%
S/a(%) 37%
Mineral Admixtures Miero silica 'fume
Metakaolin
Replacement (%) 0, 5, 10, 15, 20
Age (days) 3, 7, 14, 28, 56
Test Compressive strength

Chloride ion penetration

Statistical hypothesis

Density Absor. Sound. Organic

@ | @ | ™| @ Impurities (%)

below Standards

2.60 1.2 2.83 3.8

Table 5 Physical properties of coarse aggregate

M Density Absor. Unit. mass Sound. Abras.
o (g/cm) (%) (kg/m’) (%) (%)
6.80 2.65 1.50 1.74 4.61 19.1

Data Analysis T verification Table 6 Physical properties and chemical compositions of silica
fume
: . ) ) Physical properties
Table 3 Chemical compositions and physical properties - -
density Surface area Ig. loss moisture content
Ig.loss Si0, AlO; | FesO3 Ca0 MgO SO; (g/cm) BET (cn/g) (%) (%)
1.72 20.82 4.87 3.26 63.32 3.71 2.16 2.30 220,000 1.3 0.19
.. . Compressive Chemical compositions
) Surface Setting Time g
Density | = ° | Sound. Strength (MPa) Si02 | ALO; | Fey | Ca0 MgO S0
@) | (g | P | initial | final 3day | 7day | 28day 92,6 0.7 17 0.3 1.0 0.15

(min) | (hour)

3.15 3360 0.1 196 | 05:26 20 29 37
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Table 7 Chemical compositions and physical properties

. Surface Chemical Composition
Density Area

e | (g | S0z | ALOs | Fe:0s | CaO | MgO | TiO:

2.61 12,000 |57.2| 38.6 2.7 2.5 0.6 0.2
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Table 8 Fundamental mixing—proportions

W/B Unit Weight (ke/m’)
Levels
(%) C | MK | SF | W | S G
OPC 30% 540 0 0 162 | 641 | 1113
MK5 30% 513 27 0 162 | 640 | 1110
MK10 30% 486 54 0 162 | 638 | 1107
MK15 30% 459 81 0 162 | 636 | 1104
MK20 30% 432 | 108 0 162 | 634 | 1101
SF5 30% 513 0 27 162 | 638 | 1108
SF10 30% 486 0 54 162 | 635 | 1102
SF15 30% 459 0 81 162 | 632 | 1097
SF20 30% 432 0 108 | 162 | 629 | 1092
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Chloride lon

Fig. 5 Diagram of RCPT Specimen

Table 9 Chloride permeability based on charge passed

Charge passed Permeability .
(Coulombs) Rating Typical of
. High W/C ratio(>0.60)
> 4000 High conventional PCC
2000-4000 Moderate Moderate W/C‘ ratio (0.4—-0.5)
conventional PCC
Low W/C ratio(<0.40)
1000-2000 Low conventional PCC
1001000 Very Low L.atex—modlfled concrete or
internally—sealed concrete
<100 Negligible Polymer—impregnated or
Polymer concrete
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Table 10 Results of T—test at 28days(5%, 10%)(a=0.05)

Satistios Levell ks SF5 | MKIO | SF10
Average 68.379 | 68.1005 | 67.3239 | 71.8948
Variation 44.2448 | 9.65616 | 28.6909 | 20.091

Measured Data 9 9 9 9
Correlation Coefficient | 0.38668 —0.3001
Difference Average of 0 0

Hypotheses
Degree of Freedom 8 8
t Statistics 0.1357 -1.725
P(T<=t) one—tailed test | 0.4477 0.0614
t Reject one—tailed test | 1.85955 1.85955
P(T<=t) two—tailed test | 0.89541 0.12281
t Reject two—tailed test | 2.30601 2.30601

Table 11 Results of T—test at 28days(15%, 20%) (a=0.05)

St Levell V15 | sF15 | MK20 | SF20
Average 70.075 | 71.242 69.357 74.489
Variation 23.244 | 73534 | 25.236 58.661

Measured Data 9 9 9 9
Correlation Coefficient | —0.3595 —0.505
Difference Average of 0 0

Hypotheses
Degree of Freedom 8 8
t Statistics —-0.3111 —1.3895

P(T<=t) one—tailed test | 0.38184 0.10106

t Reject one—tailed test | 1.85955 1.85955

P(T<=t) two—tailed test | 0.76369 0.20212

t Reject two—tailed test | 2.30601 2.30601
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Table 12 Results of T—test at 56days(5%, 10%)(a=0.05)

st Level yks | ses | MKIO | SFI0
Average 69.0988 |71.1429 | 69.8137 | 74.8375
Variation 22.6269 | 32.154 | 41.0301 | 62.4357
Measured Data 9 9 9 9
Correlation Coefficient -0.227 —0.6905
Difference Average of 0 0
Hypotheses
Degree of Freedom 8 8
t Statistics —0.749 —1.1447
P(T<=t) one—tailed test | 0.23764 0.14272
t Reject one—tailed test | 1.85955 1.85955
P(T<=t) two—tailed test | 0.47529 0.28544
t Reject two—tailed test | 2.30601 2.30601

Table 13 Results of T—test at 56days(15%, 20%)(a=0.05)
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Fig. 13 Total passed charge containing silica fume

Table 14 Test Results of RCPT at 56days

Satistics Levell k15 | sF15 | MKk2o | SF20
Average 70.2841 | 71.953 | 72.447 | 76.265
Variation 30.791 | 96.340 | 87.691 63.281

Measured Data 9 9 9 9
Correlation Coefficient —-0.1462 —0.1564
Difference Average of

Hypotheses 0 0
Degree of Freedom 8 8
t Statistics —0.4188 —0.8677
P(T<=t) one—tailed test | 0.3432 0.20542
t Reject one—tailed test | 1.85955 1.85955
P(T<=t) two—tailed test | 0.6864 0.41083
t Reject two—tailed test | 2.30601 2.30601
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Items| Total Passed Standard -
Charge Deviation Co\iiiiicziteiz; of
Levels (Coulombs) (Coulombs)
OPC 1550 406.5587 0.262296
MK5 1090 198.5661 0.182171
MK10 860 205.7972 0.239299
MK15 720 265.9652 0.369396
MK20 580 216.8029 0.373798
SF5 1170 314.6172 0.268904
SF10 890 326.6022 0.366969
SF15 190 66.54698 0.350247
SF20 140 46.48118 0.332008
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Table 15 Classification by ASTM C 1202

Table 17 Results of T—test at 56days(15%, 20%)(a=0.05)

PEESCS()eu(llofrkllsgge Classification 28days - 56days Statistics - MDD S M oo
S 4000 High _ _ Average 720 190 580 140
2000 ~ 4000 Moderate OPC _ Variation 707375 | 44285 | 470035 | 2160.5
Measured Data 5 5 5 5
1000 ~ 2000 Low WIYZH&5$1FV§?%SF'1O OFC, MK5,5F5 Correlation Coefficient | 0.26257 065876
MK10, Difference Average of 0 0
100 ~ 1000 Very Low SF15, SF20 MK15,SF10, Hypotheses
SE15,5K20 Degree of Freedom 4 4
<100 Negligible - _ t Statistics 4.61756 3.93733
P(T<=t) one—tailed test | 0.00495 0.00849
Table 16 Results of T—test at 56days(5%, 10%)(a=0.05) t Reject one—tailed test | 2.13185 2.131846
Tovel P(T<=t) two—tailed test | 0.0099 0.01699
Statistics MK5 | SF6 | MKIO | SFIO t Reject two—tailed test | 2.77645 2.776451
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