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A STUDY ON THE QUANTITATIVE EVALUATION OF AIR
PERMEABILITY OF CONCRETE

KE B* R EEE
By Isao UJIKE and Shigeyoshi NAGATAKI

The objective of this study is to investigate the behavior of air flow through concrete

due to a pressure difference, and to evaluate the air permeability of concrete quantita-

tively. Different mix proportions and curing conditions are used so as to detect the
dominant factors affecting air permeability. It is found that the coefficient of air per-

meability can be used as an index of air permeability of concrete, and it can be quantita-

tively estimated by mean pore radius and porosity based on the volume of evaporated

water. In addition, air permeability of concrete is found independent of the total capil-

lary pores in concrete, but dependent on the dried capillary pores without moisture.
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Table1 Physical and Chemical Properties of Cement,
Specific | Specific Setting Time Flexural
Strength (MPa)
Gravity | Surface |Mixing |Initial |Final
Water |Set Set 3 7 28
(cm?/g) @ (hr-min) | Chr-min) | days | days | days
3.15 3350 28.3 2-47 3-59 3.43 ] 4.90 [ 65.66
Compressive Chemical Composition
Strength (MPa) [¢3)
3 7 28 ig. Si0» | Al20, | Feo0; | Cal | Mgl | SO,
days | days | days loss
14,7125.1140.0| 0.6 21.6 5.3 3.0 [64.9] 1.3} 2.2

Table 2 Physical Properties of Aggregates.

Aggregate | Specific | Absorption | Fineness
Gravity X) Modulus

Fine 2.63 1.56 2.21

Coarse'’ 2.66 0.60 6.54

Dmaxisus size:20mm
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Table 4 Mix Proportions and Properties of Fresh Concrete,

Kinds of | _W | s/a Water | _C_| Admixture Slump Air
Pozzolan | C+P Content | C+P Content
<P> @ | @ | ke/w’) | X | AEAZ? | SP* | (cm) [¢3)
40 42 187 1] 0.028 )] 8.2 4.3
50 46 187 [ 0.028 [ 9.6 4.0
60 48 187 0 6.018 0 7.0 3.8
70 48 187 0 0.017 0 7.5 3.9
40 44 187 10 0.050 ] 8.4 3.8
Fly 40 47 187 20 6.078 0 8.9 3.7
Ash 40 49 187 30 0.114 ] 110 3.8
40 53 187 50 0.154 0 12,0 3.7
40 42 187 10 6.038 ; 0,20 7.3 3.9
Silica
40 42 187 20 0.043 | 0.40 7.2 4.2
Fume -
40 | 42 187 30 0.038 | 0.50 8.0 3.2

cement by weight
wt of cement
of cement

1)Percentage replacement
2)Air-entraining agent :
wtX

3Superplasticizer :

Soda Silica
Lime Gel

Manometer

s
Regulater 1

Fig.1 Air Permeability Testing Equipment,

Table 3 Physical and Chemical Properties of Fly Ash and Silica Fume,

Kinds of |[Specific | Fineness Chemical Composition (%)

Pozzolan |Gravity ig.loss | Si0, | Al.0, | Fe,0; | Cal | gD | SO, | Na.0 | K.0
Fly Blaine

Ash 2.14 2950cm2/g 2.0 §3.6 23.9 5.0 8.0 1.8 1.4} - -
Silica Particle

Fume 2.27 size 1-2u 6.4 82.6 1.7 0.6 6.3 2.2¢ 1.0 1.6| 2.9
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Fig. 11
crete with Silica Fume without Superplasticizer.

BRUTHS. YVI1—2dT7534T w2250
12EDMDF V7 VBEICHNT, ZOBhIZSELT
BWEMEB LU V) e 2 — ADORFHIERICHNT
BBEPBIFLATHBEY, 2F0V I Yhvai—Lk
BH#LIzaY 7)) — FOBKRBYKPEERKICES
Fh3LL o REEER, BOBHCBI ARV I VRG
Ik BRI EBNERTOIHEA Y FOWFERTF
DOEBICBATAZEILEAHDTH B, Fig. 11135
MEEROKAIEAVWT Ty Y e — 2 2BB LI OV Y
U— b OBESRBEEERELZRS. Y)hba—Aa%
B#eL-av 7Y — P OEGERE SRS 2 R0
FTLEHEYV A2 - LEBREADLDEVKRELI L H>TH
B0, YVAva—LEEBRLI-2Y 7)) - NOBERF
HEIBBEADLD LDV KZLBE-TWAE, Zhidv YD
Ca— LDNFPIEFEICHDLRFTHEHERELR
TLOT, LAY INTFHROBEL2EOS &N TER
PolzbDEFEZ LN, MM TFOEAHRICED I
7)) — bOREEDOYELPEFT AT Y hea—L
E+SICHEBME 50BN D 5.

(3) E@BFra 79— rOETRICRIZTEE
Fig.7, 8, 10 TiT» 1 BERABIC B LT, KPEED
<PHAD 2> 7 ) = F 1 50BREEBEINS, 204
HRAKSEMT 2 IO TESIRMEDPKRE < L1,
ks iIcay ) - FOEKKREE Y ) - bOE
BROBEIZL>TENT S0, 2OBLOBREIZa Y
U= I H@REULIKDBILESTESES. 3 5ICER
WRRICER I B 3V 7) — FREOKSSTH/H v o
V- OBESFREICEZEZREFT LPREXIhTH
B0, L CTKRAGEHS—ETETVI Y 7Y — FOBER
RELL, BEUNLKDBOEVIC L - TESREDRS
LERGPHIEB AT - FOFEBERFEHREEDT &
EAONZDT, RRAFICBNTIEI Y 7Y — D 5%
BUIKABOBOPBERFBICREFTHEII >V TR

Air Permeability and Compressive Strength of Con-

KE - KR

100

)
-~ ® o
o O O

o0
o

Drying
Period
{days)

H O
o O

W/C=50%

W
o

Relative Humidity (3R.H.

N
(]

Drying Drying

<]

Seal
0O 1 2 3 2 1 0
Distance from
Surface (cm})

(=)

Fig.12 Humidity Distribution in Concrete,

AEmas.

av 7Y — FOBEBJREIERIC L O RGRET S
ICDONTKREL BB EMRS, av ) — N 2ERBTS
EROBRNBHFE 7)) — FRBOEMESER TS
50, IXTOEMEEE TIILERIC L VKOS
BMUCEMBEEREEZOND. LizA-> TEEHFHN
LEMEEROBIZI > 7Y — M HRE L 2 ADEIZ
FZFULVWEREL, av o) — FOEBRIZESERE(LY
H5R® B, Fig 12 13 ED 4 fIFH%E ¥ — L L TEE
Sgfzayr) - FOWRSBEESHERYT. 27—
FREBOEER, BEREAREBEST OSSR (40.8X
19cm) 2% 52 U BEEKOREOBIZR G2 61
X7em DFRUTHEHA UL THEL 2. Fig. 12 1cR4 2> 7
)= FRERDKS D RBEIC > TERUEREB &
OCays7Yy—trhRoOkSSHICET SEEOME &
0, 4fIEZ Y- LTHENT 5B 2 @i 5KS % RS
SRIFEITA Y 7)) — FROKGHHEISBER DS
LBBIH, avy)— FRPBOKREBTITITEF—REDK
TRHEHEED, ELCRERTCRERDOERT SN
FHCEAT2 4 Q2 Y — VL TR 1w gtk s o
7.

Fig. 13 131 % 20°C —EcEE 60L5 %R H. ©7H
BBk, BESS+5 %R H., 60+5 %R.H.,
3B5+5%R.H. 0B, B LVEBEOLGCHEBRa ¢
rzavs) - rOERFREERAKOBFRERYT. K
ERICBNTHEERGFTCO®RE (7AM) 28011
HRAK 10 AF TR, —8ofINERVWT, 2V ) —
2 L0BREIBEINE» -1 (Fig. 13O RANZ
EEPBEINEP - EEERT S). BBRAK10
ABICBNWT, BEEICE LWz Y 7Y — FOBESR
REL, DEIEBERIEABRPEEINS LI
BotBITBVTE, ERAESEBLTHIFLEALE
ftLTcuzn, 2L THB LCERE BN
A= FOBTIBEIIEDKEA Y PHIZBWT S



Av 7)) -+ OESEOFERNHEICE T 555 85
% 16°,
g Humidity i85 5S8R K. Humidity:160 £53R.H.
z. 10-g A"/C:lﬂ\
3 g e pof s
i Py’
E L oo f‘ MaA/A
o
u ‘5";“1{]3’”
3 45"
; B 9\ Jru— fhd Humidity:35:54R.H.
& 109 ¥
2 <
b
% 15
< 20 40 60 80 100 ¥ 20 40 60 80 10 120 20 40 &0 80 100 120
brying Period (days} Orying Period (days) Drying Peried {days)
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and Drying Period.
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