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ABSTRACT

This research deals with the properties of fresh and hardened high-performance concrete(HPC) incorporating
high-reactivity metakaolin(HRM). The properties of fresh and hardened state concrete were investigated included air
content, slump flow, setting time, heat of hydration, compressive strength, resistance to chloride-ion penetration,
abrasion and repeated freezing and thawing. The properties of the HRM concrete were also compared with those of
the portland cement concrete and silica fume(SF) concrete.

The laboratory test results indicate that HRM material can be used as a supplementary cementitious material to
produce high-performance concrete.
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Table 1 Physical properties of cement

Compressive strength
(kgt/cnf)

3 days | 7 days |28 days
3,322 3.15 0.13 238 302 416
Initial setting time{min.) 216

Fineness| Specific | Stability
(enf/gr) | gravity | (%)

Final setting time(min.) 316

Table 2 Properties of aggregate

Aggregate Specific gravity
Bulk Bulk(SSD) | Apparent
Coarse aggregate 2.90 2.62 2.83
Fine aggregate 2.59 261 263

Table 3 Physical and chemical properties of silica fume

Specific Fineness Aver'age
avit (cr/g) particle LOL (%)
£ y g size(ym)
180,000~
2.2 200,000 0.1 1.5

Chemical compositions(%)
Si02 |AlLOs| FesOy | CaO | MgO | NaxO | K20 | TiO,
94.0 0.3 0.8 0.3 0.4 0.2 0.8 -

Table 4 Physical and chemical properties of HRM

Specific Fineness Aver.age
gravity (ert/g) particle LOIL (%)
size(ym)
25 150,000 15 0.89

Chemical compositions(%)
Si0s | AlOs| FesOs | CaO | MgO | NaO | KO | TiOq
4940 {46231 054 {005 ( - 016 {017 | 1.79

A7t F3 deEd s AHS ayeEaEY] A
S g wgAES Table 59 2t wSAUEZST}
S5 247 600 kg/m'eh 180 kg/m’2 LA o0
Aglgt F3 vl AME Sk i8] 0%, 25
%, 5%, 10%< WAFFo2 LS A3k —#71 S
3~4 % EUZZ 60~70 cmE DF7) Y8l LRE3HA
9 F71A8Ae] ¥E Table 59 0] &éo}&’it}.
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Fig. 1 Scanning electron micrograph of the silica
fume particle(x50000)

Fig. 2 Scanning electron micrograph of the
metakaolin particle(x15000)
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Table 5 Mix proportions

AUEAE
AFAEE KS F 2400} 93te) Z4si9em, ¢
100200 mme] HACE AZtete] A 74, 14%, 28%0l

thate] 3714 28] BHEAA] S,

2.3.2 W4 ¥

DEE FrAIE

H3E FAIES ASTM C 120R(electrical indication of
concrete’s ahility to resist chioride ion penetration)}
AASHTO T 259(rapid determination of chloride
permeability of concrete)oll Fato] QAJsG S,
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AlAOlE bl Yo 3PS AT ¢ AFA F
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Fig. 3 Prepare of specimens before chloride
permeability test

Type of W/B S/ | Unit weight(kg/m') .
concrete (%) (%) W C S G Mincral AE= SP#=
admixture
0 600 0 0 10.2
S2.5 585 15 0.012 10.8
SH 570 30 0.018 12
S10 30 50 180 540 769.3 7722 60 0.024 144
M25 585 15 0.024 10.8
Mb5 570 30 0.030 114
M10 540 60 0.042 13.2
S: Silica fume, M: Metakaolin
*! Air entraining agent
#x! Superplasticizer
TBSH BEFISRIS AlSE Das Rar|Ec] Sy 351
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Fig. 4 The setting time of 2.5 % substitution ratio of
admixtures
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Fig. 5 The setting time of 5% substitution ratio of

admixtures
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Fig. 6 The setting time of 10 % substitution ratio of
admixtures
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Fig. 7 Heat of hydration of 2.5 % substitution ratio
of admixtures
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Fig. 9 Heat of hydration of 10 % substitution ratio
of admixtures

Table 6 Results of compressive strength
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3.2.1 %ﬂ’i TTo

FAol Fjol 93t AslHF ol welr] 1A
T Z3EY Er@*% 274319100 Table 7& ASTMC
120244 ANE Fodslges 5448 Frle M1E
]E}-M) Ay Az} 70,4_-"]' 28U FA| A TIA o] F7}
42 BgMo] adhs A ¢ ¢ Jddk BE XEH
T ANWESH A7t &, 181 WeREES E4¢ 22
ZEY 938 FLAPZATE Table 89 2tk ASTM
oA ANE H7b71Es} Hlus) 2 1S FEU= A

ZZH
=

Curing time(days) Batch 1 Batch 2 Mean(St.Dev"™)

7 460 457 490 459 503 496 477.50(21.06)

OPC 14 503° 527 515 558 549 523 534.4(18.24)
28 513 537 561 528 571 563 552.00(18.47)

7 514 508 524 539 526 521 522.00(10.67)

SF25 14 542 541 577 572 497 559 558.20(16.60)
28 566" 601 595 587 597 599 595.80(5.40)

7 537 522 551" 521 529 523 526.40(6.69)

SF5 14 595 618 620 596 606 621 609.30(11.99)
28 655 662 660 664 651 653 657.50(5.24)

7 494’ 586 584 597 576 500" 585.75(8.66)

SF10 14 618 624 483" 645 658 612 631.40(19.39)
28 673 690 675 701 677 631 682.83(10.74)

7 549 538 540 534 541 549 541.83(6.05)

MK25 14 565 581 560 568 569 574 569.50(7.29)
28 591 584 601 589 584 604 592.17(3.52)

7 586 567 578 571 581 574 576.17(6.91)

MK5® 14 613 525 620 629 610 619 618.20(7.33)
28 635 645 639 651 645 648 643.83(5.88)

7 621 645 628 629 650 633 634.33(11.02)

MKI10 14 675 692 672 691 675 598" 681.0009.67)
23 699 698 695 694 703 693 697.00(3.74)

* Qutlier t-value(95%)  **: Standard deviation
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Table 7 Chloride permeability based on charge passed™?

Charge passed(coulombs)

Chloride permeability

> 4,000 High
2,000~4,000 Moderate

1,000~2,000 Low
100~1,000 Very low
<100 Negligible

Table 8 Results of chloride permeability test

Type of .Curing Specimen Mean
concrete | time(days) 1 9
7 4897 5233 5065.0
SF 25 28 234 | 2512 | 26230
SF 5 7 3225 3216 32205
28 1061 1188 11245
7 1997 2015 2006
SF10 28 577 506 5415
7 8830 8171 85005
OpC 28 3824 3917 38705
7 5503 5349 5676
MK 25 28 3778 . 3621 36995
7 3230 3372 3301
MK 5 28 2172 2470 2321
7 1458 1426 1442
MK 10 28 697 677 637
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Fig. 10 Abrasion resistance of 2.5 % substitution
ratio of admixtures

g==aelestE] =28 Hl14d 32(2002)



0.014a [ T T
0.012 ooPC B SF5 W MKS

0.010
0.008

0.006
0.004

Abrasion loss(g/cm?)

0.002

7 28
Curing time(days)

Fig. 11 Abrasion resistance of 5% substitution ratio
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Fig. 12 Abrasion resistance of 10 % substitution
ratio of admixtures
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Fig. 13 Repeated freezing and thawing cycles of
high-performance concrete with silica fume
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Fig. 14 Repeated freezing and thawing cycles of
high-performance concrete with metakaolin
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