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Permeability Properties of High Fly Ash Concrete

o| Tl &*
Lee, Chin Yong

[e)

A Ee] AR WA AP BAV A, FANE] WEHEe ARA 540 elsA
4102 &4 4 Stk Ad el slsh eaessl ARyl Eeelnd o

ol FhE %
(16%, 3%, 1210 45%) HFA0] Sobion, NAPHe TALUES 3D Aol WA U5
o e w. 4 el F5or 1Al Y2 BolAAE G g0l B £5 Fol Halh we

ol W o oA, Felelold] 20 B
E(PCHRAAE UL e HEAE nolF2t), EEo B 7o) 20l 4o thet ARE 5
of #AIglel Bl Stobg o, NPl Frbsk: A e wAFUT HEH BACNM RE
oAU EE B ol £a AYI o] ANE ol Fa AW A ek G R b AT

Asdeh, BaYEe AEAe 1R FErt FHHoRM FolEE 21 waso R4

4o PR AR ANEER E U H wAZE A
Abstract

The permeability of concrete is closely related to the durability and the latter may be
expressed by measuring permeability of concrete. According to the results, the permeability of
fly ash concrete was lower than that of OPC(PC1) concrete and decreased with increasing fly
ash levels(15%, 30% and 45%). The permeability values of concrete cured in water is signifi-
cantly lower than those of concrete cured in air, but the differences were reduced with increas-
ing fly ash level. In comparison with OPC(PC1) concrete and high fly ash concrete containing
enhanced early strength cements, the latter also had a lower permeability than the former. The
permeability of concrete cured in water was decreased with curing time(28 and 180 days) irres-
pective of cement types, However, the trend of results cured in air was opposite to that cured in
water due to the microcracking of concrete. It was found that the properties of strength and
permeability of concrete were related each other, However, the permeability of concrete was
more dependant upon the type of binder used in concrete,

Keywords : concrete, permeability, durability, fly ash, pore, microcracking strength, specimen,

air, water
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Table 1 Properties of cements and fly ash

Table 2 Mix proportions of PC1 and fly ash concrete

BINDERS Concrete Mix MIX PROPORTION (kg /cm®)
PC2 PC3 Design Aggregate w/C
PCl1 (Rapid (High Code Strength [Cement| PFA | Total | Water ! .| Total JRATIO
PROPERTY (Portland| hardening | early |PFA kg /cm) Guase | S | Fille
cement) | portland | strength PC1
cement) | cement) Mi BO| 25 | - 2% | L9 T a0 0n
Chemical Composition M2 BOL I~ 105 |1 | 95BN A58
Si0, 21.2 21.0 22.9 475 M3 S0 35 1 - |3 | 190 ] 0| o0 | 150 | 2405 | 049
AlO; 4.2 5.0 4.9 30.7 M4 600 | 440 =L M0 ] 1% 03 ) 60 H0 | A5 | 043
Fe Oy 2.7 31 1.9 38 M5 W50 ) - 510 | 19 15155 | 50 | 40| 0¥
Ca0 64.4 64.7 65.9 7.1 PC1/PFALS
MgO 1.5 2.5 1.6 1.8 M6 B0 25 | 40 | 255 | 1 [ W05 765 | 200 ] 400 | 069
P05 0.1 - - - M7 0| 25 | 45 30 17 100175 | 20 | A0 | 0%
TiO, 0.2 - 0.25 - M8 00| 330 | 60 | 30 | 17 00 670 | 1% | A5 | 045
SO, 24 3.0 1.5 0.7 M9 600 380 | 65 | 445 | 175 | 1065 640 | 100 | 425 1 039
K0 1.3 0.8 - 0.8 M 000 430 1 75 | 5 | 175 | US| k5 | S0 | AN 0B
Na,0 1.3 1.3 - 0.4 PC1/PFAY
MnO 0.1 - 0.16 - Mit 20010 | 80 | 200 | W0 | 1025 70 ] 00 1 UM | 063
Lol 19 1.1 0.5 1.3 M1 B0 M0 | 105 | M5 Q170 | 1025 | 660 | 200 | 00 | 049
Bogue compound Mi3 500 25 | 15 | 420 | IR0 | 1050 | 620 | 100 | 2410 | 040
composition, % Mig' B0 M5 P15 L4 | T | 100 B S0 | A5 0%
CiS 62.1 57.5 54.3 - Mis* 000 375 [ 165 F 50 | 10| 1& |0 - U503
C:S 4.0 16.7 247 - PC1/PFAS
CA 6.5 8.1 9.8 - MI6 200 170 ] 140 | 30 | 165 | 140 0 T8 L - | M0 1053
C4AF 8.2 9.3 5.8 - Mi7 50 200 | 165 | 365 | 165 | 1M0 0 TR - | 2400 | 045
Mineral composition(%) Mg 000 20 | 20 ) 40 | 165 | U8 | S| - | 20| 0H
Glass - - - 83,4 Mg 600 315 | 255 | 570 | 165 ;120 | 455 | - MU0 0B
Mullite - - - 11.0 Mo T00) 350 | 285 |65 | 165 1] 2| - [ BH 0K
Quartz - - - 2.2 PC2/PFASS ‘
Magnetite - - - 1.3 M2! 200160 0 1% {195 ] 170 100 8% | - | 40| 038
Hematite - - - S 07 M22 B0 1% | 160 [ 3/ 10 10| TH L - | 40 | 048
Physical properties : Moy S0 245 | 200 45 )10 UM | 6% | - | 40| 038
SSA(m? /kg) 322 490 341 \ - Mgt 600 | 200 | 240 | 50 | 170 | 100 | 5% | -~ | A5 | 0%
RD 3.2 31 3.2 " - Mz 000 35 | 25 [ 610 10| 100 M0 - | Mun| 0B
PC3/PFALS
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Fig. 1 Schematic view of permeability apparatus.
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Table 3 Permeability results for PC1 and fly ash concretes

Design Intrinsic Air Permeability, Ka(10™" xm")
Strength E2 curing E7 curing Difference(E7-E2)
tkg cmr) 2% days 24 days 28days

PCl T

250 533w 3147

350 2.7 230 ! 273

500 14 30 8.6

600 1.0 39 34

700 L9 2 2.1
PCl1/PFA 15

250 18 214 269.2

350 2.6 182 179.4

500 1.3 70 63.7

600 0.9 30 29.1

700 0.8 18 17.2
PC1/PFA 30

250 4.4 233 296.6

350 2.5 142 129.5

500 1.2 55 h3.8

600 0.8 27 2.2

700 0.7 15 14.3
PC1/PFA 45

250 4.0 113 109

350 2.4 63 61.6

500 1.1 23 219

600 0.6 12 114

700 0.3 6 5.7
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Table 4 Permeability results for high fly ash concrete

DESIGN Ka(1077xm?) Kw(10™xm?)

STRENGTH E2 Curing E7 Curing 28 days
(kg /c?) |28 days [180 days| 28 days [180 days| E2 Cwing | E7 Curing

PC1
250 53 49 350 385 0.48 54
350 2.7 2.2 230 255 0.30 35
500 1.4 1.1 80 112 0.12 17

60 1 10 | 08 50 5| 008 g
00 09 | 07 | o2 | 2 | om 3
PC1/PFA 45

250 0 40 | 38 | 13 | 17 | 042 4
B0 | 24 | 21 63 7002 k!
50 | 11 0.8 2 30 | 012 18
600 | 06 | 05 12 4 | 006 10
00 0 03 | 03 6 6 | 0.0l 3
PC2/PFA 45|
50 38 | 34 9 | 105 | 037 3
350 | 22 | 20 50 63 | 026 2

500 1.0 0.8 15 25 011 15
600 0.6 0.5 6 10 .05 9
700 0.5 0.3 4 3 0.02 3

250 31 3.0 255 230 0.32 54
350 1.8 14 110 130 0.22
500 0.9 0.8 18 32 0.10 17
600 0.7 0.6 12 18 0.04 9
700 0.6 0.5 10 12 0.01 3
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Table 5 Compressive strength of fly ash concretes on the

equivalent permeability values of PC1 at the
same design strength : 28 days.
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