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A Study on the Characteristic of Capillary Pore and Chloride Diffusivity by
Electrical Difference of High-Strength Concrete Using Metakaolin
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ABSTRACT According to the high demand of concrete structures with high performance, various studies have examined on the
high performance concrete, especially high strength concrete. Various admixtures are required to produce high strength concrete
and silica fume has been the most popular admixture. Recently, however, metakaolin, which is similar to silica fume in properties
but cheaper, has been introduced to high strength concrete. In this study, high-strength concrete using metakaolin were studied of
capillary pore structure by mercury intrusion porosimetry technique and the accelerated chloride diffusivity by electrical difference.
In result, it was found that the pore structure improved and compressive strength increased and chloride diffusivity reduced as more
metakaolin content was added. In addition, a regression analysis of 5~2,000 nm pore volume and both compression strength and
chloride diffusivity revealed that each these had a high correlation of about 0.76 and 0.68. '
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1. M = F3} Ao B4 FYsty AAFHZ {F g eI
o O3 A7V FE2L wy A, HeplE U v
Eagde FxEol 133, ¥ 2 tgsigdd o 2, ZTFgs dE B ARZME ojv] FEF Hol 4
g FadEe] 2 T3 AT A7EHL o, 1 A7EY A 2 =AY ESY AR A G A
Z IREEAYE the A7E T3] AP Fri 25937 = Aotk AL RS SFA
IFEEAYE Az B A7 JAHT TR EY g 3] Azsted 7HEEE AFE FHH A
AL, B BiEAA 2 Al 3 TOE FEEHA o 2o AL AFX el 2 wjgeke] FRsA HE
o, a2FME E3AE] s 9 o9 Fgof #3F o] o3ttt ey FWelMe o] HEeHEAE
ATrt 7bg is AYHT Y. EAEE vy 2REEINE] EARIA FEIY] AT AT =
o2 REZEWCAMES} EFtste] AMSE 2= g AFo] AyHoz mud Aottt &H J|E
%7] 3 A, U7 Y 2 454 51 F Ao A WEFIEUS AT A 27 F3E9 F
FZ2E 875 EHo 2 AEEY. ojgd & 7}2 Qe LxFde JHsAAE AFE o] ol o
A dEAHQ AozyE o4, L2&Ya 2 3 o) Ee Fasit’, B ApdrMe WeEpLEdE
AAE 52 5 4 don AN 22ee 4% AR wREIAES SAE TR TAYE
Mol e 2850l i EFAE T LAEE AEAE Aste] AU (Ot MIP2R BAIZE
AYEZ Az &M Ui o g AMEHE Aot T3 PRE BASYI, 4EEE) il AR A
FLS Ae s Az Wby Aoz Qe AA A A st o5 RAAFIHS] AAE Wl
Aol oz ANAHH gt} a3y HE S0 ATt B3t olge 4+ ARE FHHE HUIFL
*Corresponding author E-mail : seong@chonbuk.ac.kr _il)k‘ i %7}—‘%_%% 17(}1?_%3-3_59] EAARE o8
Received January 30, 2007, Accepted May 10, 2007 s7] 93 7124¢ AER AFgeed 2 A7 5F
(©2007 by Korea Concrete Institute o] 2

499



2. 232|EQ| 33

F3 27)d ZAPEY FT=FE FBol AAEIHE &=
3 % A 377t ARse] wAHE 7E 2HE
ZA37 AR W Bo) AAFNAE TFS AHME
812 olate] o =77t ashe dutHow AFS
I BA#AZIoE BT

AZFH BARZF) 276 eiME A8 A A

7 d 2 Uchikawa 5L ZAFE 1~3nm, *ﬂﬁ ¥
32 3mm~30 pmE 9319 2™, Diamon & 1.2 nm
ojsle] Z71E AWMES F8 3152 C-S-HY ’7& ==

o AFE= A% W 3 (intracrystalite pore), 1.2~3.2nm
HeE ARA 7+ F (intercrystalite pore), 3.2~200nm 9
2 7A YA T (intergel particle pore)S & F-F3t3tH’.
Metha 5& 5nm °]3ts AFF, 5~100 nme] I
2ABTFoR BFaHey, EAEETSE T 5~50 nm
o] wtola 2 FFF} 50~100nme} AR FFOE EF
5}951‘3} Methadl] 9319 vlo|AZ FFE ARIE 73
"F% 9 gz JFE IA vAH, A=
ool HEA & JF}L VA AL
T FAe A4

u

d9, d¥F7 4 23 =

|
o
32
%

ojgh Zro] FF9| 7] ¥ EBHe AFAd w tha
spol QAT B A7)E BAYES] B 2
Fo UAL YL & F don, B AFgM: 71t
o] BE g3} A7 B3 s Fig 13 o] 2F
ol A712 FEIAGCH g FF F 2AEY %*é
of 714 2 4L niAe FANE BARTT F2E
Hrtstz] St MIPR 54 7Hed Mool F 25

Pore diameter(nm)

01 1 10 100 1000 100000 1000000
i v Y Y ¥

10000
T

— Ge‘ pores {< 0; ODSum)

. f Interget partsde pores
e (0.003~0. Qum)

m  Capillary pores
: : : (0 003~10pm)

%, 2T A7) 5~50nme] wlolAR FFH, FF A7
50~100nme] "= T, = Z7] 5~2,000 me] ¥
Fgon TR MIP £A A wet 35 A7)
30nm ©l3te] 3% 30 nm oY F=F & B T

2 47302 ERst BYSA.

3.AIE R
31AE M=
3.1 27
2 AFdMEe AEAE LS,

% 25mme] HAS Ao o]
Table 13} 7t}

ezAE A
5o 294 5

312 AHE S 20

ANHE= HAH 1= RETEH=AWE (OPC), &3}
Az veshed 2 ZddoldHE ARSI LH, o5

1__
B E2]0
shet AR H ST

Table 29} 7t}
3.2 vl &t

RE Zaz e AAVELEE 60 MPaZ A3
on, ZHTE 150+20mm, 7] FE 3.0+ 1L.0%E 473
7 ATt £ E-ATAEE 30%, FEAEES
40%=2 AR A A4S HeFtEAS AR
E AR 2 5%, 10%, 15% 2 20%E iAo,
%7] F#3ge o3 LxgdS WA HHY F=
249 3z SeholdHE AFA T 20%E UA

: i

s EYSEY. Eo EX £YI9} 3 HFS FREY
98] 249 PNSA TA4% ABZSA (HRMR)E AHE-3)
gom FAZES WTHEE Table 33 2ot

4. NE 4y

4.1 ARLTT M

ZIgEY 4EAEE G100x200mm YFEH AIFA
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o L . : . Aggregates | Gravity | Absorption (%)|Max. size (mm)| EM
T e dametermy Fine aggregate | 2.53 131 - 2.80
Fig. 1 Classification of pore sizes” Coarse aggregate| 2.64 0.63 25 6.66
Table 2 Chemical compositions and properties of materials
Kinds Composition (%) Densi’:c;y Speciﬁczgravity
' Sio, ALO, Fe,04 TiO, Ca0 MgO |Na,0+K,0| (gem) (em’/g)
Cement 214 51 2.99 0.32 64.0 1.6 0.79 3.15 3,360
Fly ash 495 279 7.82 0.82 2.00 2.03 5.20 223 3,327
Metakaolin 521 453 0.60 1.64 0.05 - 0.37 2.50 150,000
500 | g==aR et =27 M193 M45 (2007)



Table 3 Mixing proportions of concretes

Unit weight (kg/m’)

S 1 () 0, 1

pecimens | W/B (%) S/a (%) Binder W S G HRMR.

C FA MK
OPCC 464 0 603 943 10.9
MKO05C 435 29 600 940 11.2
MK10C 30 40 406 116 58 174 598 936 11.6
MKI15C 377 87 595 932 11.9
MK20C 348 116 593 928 124
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Table 4 Result of compressive strength (unit; MPa) 2
o
Types 2 ¥ddg
OPCC 49.6 59.7 61.6 63.5 i
MKO05C 51.1 61.9 62.7 643 52 MIP
MK10C 553 66.0 66.8 68.6
MK15C 583 673 68.0 69.0 5
MK20C 59.1 67.7 68.3 694 A
S
704 -,
- — AL, 2 olstillM =
3 =
% 60 - dF 2 9]
g
? —-e—QPCC :Jg_ i E—{\_}_—QU:L
2 —o—~MKO05C
2 MK10C o Elr'
e 4 0« |- v—MK15C 53
& MK20C ’ _
© vElY WERE Y 15% ©]/de] A
40 1 i ] 1 )\"] 2= %_—_‘T—L_Oﬂ %
0 7 28 56 9N }\ o]:]

Age (days)

Fig. 3 Compressive strength according to the age
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Table 5 Result of pore analysis at 7days

Types OPCC MKO5C MK10C MK20C

Factors

MKI5C

Total pore volume (ml/g)

0.0948 (111.5)

0.0989 (116.4)

0.0855 (100.6)

0.0962 (1132)

0.0900 (105.9)

Micro pore volume (ml/g)

0.0521 (105.9)

0.0612 (124.4)

0.0607 (123.4)

0.0704 (143.1)

0.0666 (1354)

Macro pore volume (ml/g)

0.0237 (230.1)

0.0230 (223.3)

0.0087 (84.5)

0.0046 (44.7)

0.0027 (262)

5~2,000 nm pore volume (ml/g)

0.0904 (117.6)

0.0925 (120.3)

0.0798 (103.8)

0.0857 (111.4)

0.0775 (100.8)

3~30 nm pore volume (ml/g)

0.0231 (82.2)

0.0267 (95.0)

0.0343 (122.1)

0.0572 (203.6)

0.0659 (234.5)

30 nm~10 um pore volume (ml/g) | 0.0716 (125.8) 0.0722 (126.9) 0.0512 (90.0) 0.0390 (68.5) 0.0240 42.2)
Average pore dia. (nm) 32.1 (1452) 29.4 (133.0) 22.7 (102.7) 15.2 (68.8) 13.0 (58.8)
Table 6 Result of pore analysis at 28days
Types OPCC MKO05C MK10C MK15C MK20C

Factors

Total pore volume (ml/g)

0.0850 (100.0)*

0.0827 (97.3)

0.0790 (92.9)

0.0897 (105.5)

0.0826 (97.2)

Micro pore volume (ml/g)

0.0492 (100.0)*

0.0511 (103.9)

0.0516 (104.9)

0.0593 (120.5)

0.0590 (119.9)

Macro pore volume (ml/g)

0.0103 (100.0)*

0.0034 (33.0)

0.0035 (34.0)

0.0023 (22.3)

0.0017 (16.5)

5~2,000 nm pore volume (ml/g)

0.0769 (100.0)*

0.0714 (92.8)

0.0681 (88.6)

0.0739 (96.1)

0.0677 (88.0)

330 nm pore volume (ml/g) | 0.0281 (100.0)* | 0.0406 (1445) | 0.0454 (161.6) | 0.0644 (2292) | 0.0688 (244.8)
30 nm~10 pum pore volume (mlg) | 0.0569 (100.0* | 0.0421 (74.0) 0.0336 (59.1) 0.0253 (44.5) 0.0138 (24.3)
Average pore dia. (nm) 22.1 (100.0)* 169 (76.5) 152 (63.8) 121 (54.8) 104 @7.)

*Value in the parenthesis is the percentage according to the value of 28days OPCC
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Table 7 Result of pore analysis at 56days

Types '
Factors opce

" MKO05C

MK10C MKI15C MK20C

Total pore volume (ml/g) 0.0815 (95.9)

0.0816 (96.0)

0.0813 (95.6) 0.0800 (94.1) 0.0675 (794)

Micro pore volume (ml/g) 0.0457 (92.9)

0.0491 (99.8)

00587 (1193) | 00552 (1122) | 0.0464 (94.3)

Macro pore volume (ml/g) 0.0064 (62.1)

0.0030 (29.1)

0.0041 (39.8) | 0.0020 (19.4) 0.0020 (194)

5~2,000 nm pore volume (ml/g) 0.0731 (95.1)

0.0711 (92.5)

0.0731 (95.1) 0.0660 (85.8) 0.0600 (78.0)

3~30nm pore volume (ml/g) 0.0282 (1004) 0.0407 (144.8) 0.0514 (182.9) 0.0619 (220.3) 0.0523 (186.1)
30 nm~10 um pore volume (ml/g) | 0.0533 (93.7) 0.0409 (71.9) 0.0298 (52.3) 0.0182 (32.0) 0.0153 (26.9)
Average pore dia. (nm) 23.8 (107.7) 16.5 (74.7) 155 (70.1) 113 (51.D) 114 (51.6)
Table 8 Result of pore analysis at 91days
Types OPCC MKO05C MK10C MK15C MK20C
Factors
Total pore volume (ml/g) 0.0868 (102.1) 0.0800(%94.1) 0.0714 (84.0) 0.0810 (95.3) 0.0808 (95.1)

Micro pore volume (ml/g) 0.0513 (104.3)

0.0532 (108.1)

0.0458 (93.1) 0.0492 (100.0) 0.0532 (108.1)

Macro pore volume (ml/g) 0.0177 (171.8)

0.0116 (112.6)

0.0030 (29.1) 0.0067 (65.0) 0.0024 (233)

5~2,000 nm pore volume (ml/g) 0.0812 (105.6)

0.0737 (95.8)

0.0632 (82.2) 0.0702 (91.3) 0.0661(86.0)

3~30 nm pore volume (mlg) 0.0193 (68.7)

0.0269 (95.7)

0.0330 (117.4) 0.0396 (140.9) 0.0612 (217.8)

30 nm~10 pm pore volume (ml/g) 0.0674 (118.5) 0.0531 (93.3) 0.0384 (67.5) 0.0413 (72.6) 0.0196 (34.4)
Average pore dia. (nm) 29.5 (133.5) 23.6 (106.8) 204 (92.3) 20.0 (90.5) 113 (51.1)
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Fig. 4 Result of MIP analysis at 7 days
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Table 9 Result of diffusion coefficient (x10"°m%sec)

S Ages 7 28 56 91
OPCC 3765 | 1669 7.82 4.63
MEKO5C 2684 | 1294 6.36 3.60
MK10C 2029 | 1022 478 3.00
MK15C 18.60 7.79 369 272
MK20C 1632 647 321 235

Diffusion coefficient (x10""m’/s)

0 Age (days) o

Fig. 9 Diffusion coefficient according to the age
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