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Effect of Air Void System of High Strength Concrete

on Freezing and Thawing Resistance
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Abstract

It is generally known that the frost-resistance of concrete is much affected by the air content in concrete
and by the air void system or air distribution. And also the frost-resistance is believed to vary with the stre-
ngth of concrete.

This article is prepared to describe, based on experiment, the effect of the air content and the air vod
system, particularly the effect of the spacing factor, on the freeze-thaw resistance of the high strength conc-
rete. For this purpose, I first worked on Non-AE concrete to make its compressive strength set about 400
to 500 kejert. However, the freeze-thaw test on the Non-AE concrete resulted in low durability factor, ie.,
10~20%,. Thus to enhance the durability, another supplementary step was needed.

[ used AE admixture, which enhanced durability by changing the air content from 29, to 129,

The frost-thaw test was then performed 500 cycles on the 20 kind of concrete mixtures which differ in unit
cement content and in water-cement ratio.

Keywords : frost-resistance , air content , air void system ,air distribution , spacing factor , freeze-thaw test , dur-
ability factor . capillary cavity , Linear Traverse Method.
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Table.! Physical Properties of Cement

T
specific- | specific |Setting Time(h:m) [ comp Strength kg <car) | Temsiie Steengthikg /cm')
gravity | surface Soundne:

{emt 7g) | Initial Final

o 1 [ o 0%

T

315 | 30 | e | 630 | God | 2 | 3 | u 3

Table.2 Physical Properties of Fine Aggregate

Absor- ‘ Sieve Passing weight (%)
SG* FM
ption{%) [ 10mm | No4 | No8 | No.I6 | No30 | No50 | No.loo|
261 166 0] 8 | 8 2% | B 3 ]38

% Specific Gravity in Saturated and Surface-Dry

Table.3 Physical Properties of Coarse Aggregate

1 .
G Absor- ¢ . Steve Passing Weight (%) FM
ption(%) mm | 25mm | 19mm | 13mm | 10mm | No4
2065 0.50 \ 25 100 g & 6 3 1 6.4

% Specific Gravity in Saturated and Surface-Dry

Table.4 Properties of Chemical Admixtures

ltem Component Specific gravity | State Colour
SR-AE Lignin sulphonate 1.2 Liqud Clear
Mighity 150 l Naphtalene sulphonate 1.20+0.02 Liquid | Dark brown

3) T34l AEA 9} 1A 574A (Mighty 150)E A&
st o}5e] EAL Tabledst $h

2.2 HEAE

221 A#Ag g
AreE 14 ‘S‘J’T—*“E MRS uAEEae®
«1%€v5ﬂ°ﬂtﬂ 3 g g oz &%= Non-AE
ZAYEE 71FHA 400~500kg/cn S ZHEE AT
EAYEY g2 Table 5o A B ulel o] ghof Alwl
Eg 500kg/m’ 2 550kg/mf B % AlWlEN = 250
0% % 35%E st olF 2] 5/ 1FY wigl
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(ASTM C 457: Linear Traverse Method).

Table.5 Mix Proportions of Concretes

N WIC | 878 | Gpax [Coment] Water | Super AE | slump Arr
E ; plasti | agent
N claer
TestNoe. | (%) | (%) | imml | tkg) | tkg) | thg) | thg! | lem) | %)
TTant 5 ] W | % || 5S¢ aw | 50 | s
A2 B W 5 | | w2 ok o| 6o |30
A353 B L ow s ||| [ AT

A4 3 40 pA] 500 175 0.2 120 G0

Adri k| 5 0B 500 150 4 (Lik .0 0f
A2 3 kg 5 506 150 ! .06 8.0 1.8
4
4

A¥3 1] k4 % N0 .14 85 Xl
Al k1] 5 % U 0.2 h.0) Lo

Al A 3 % K 1 [ 0 6.5 0y
AB2 %5 B X% EL 6 0.07 w0 27
A253 % ¥ 5 3|1 6 il 35 56
A254 % ¥ % 30 1% 6 024 10 | 1
B3l 5 B 5 B 193 22 00 4.0 i
B2 0% * 5o a0 1493 22 0.07 110 35
B33 ‘ & 3 pal i 550 193 32 0.1l 124 34
BH4 | 0® B 5B 1% 2 0.2 130 120
B-3)1 KU TR 14 ‘ 006 6.5 N
B-32 K] 5 % 341 163 IR 7.0 25
B-30:3 kil H 5 el 163 44 w17 75 44
B-34 Bl 3 5 S ‘{ 163 R th19 9.0 w2

Note: A-35~1
Air content(1:1.5% under, 2:1.6~3.5%,
3:4~6%, 4:7% over)
Water- Cement Ratio
Unit Cement Content
(A 500kg/m®, B : 550kg/m®)
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Fig.1 Temperature Change in Freezing and Thawing Testing
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Table.s Compressive Strength and Durability Factor

T Comp, | Comp, | Comp. [IDMEY| Final | RDM | DF*
) strength | strength | strength Cycle E-

Test No. N %) |tkg -omi)|:kg comy [tkg s cm|kg Ceme)| No, 1%) 17}
AB1 T 0 25 34 33 S0 fio 60 13
A% 34 ke 3 {12 S0 210 ] 2
Al 55 -4l ol 3 £1200 Big 9] #
A% ' 9y 146 19 265 12300 300 i 4 g

|
AL D08 21 b 438 100 0 1] M
A2 D18 213 3R 125 SHN 90 0 )i
Amd bose | oo o | om | w0 | W | w | ow
A3 1l 171 2 2 43400 0 101 1ol
A1 0.4 Bit) 112 515 M40 90 i 18
AB2 27 3 36 156 1700 230 ] 46
A25-3 5.6 el 310 392 9300 0 300 9 9%
A5 1o 191 43 3k 14900 300 i 2
B&H1 05 I 103 45 000 8 0 16
B352 35 2% 3% s 250 ) B
B33 35 29 0 39 36 45100 300 % Rl
B-334 120 A0 2B % 42900 300 ® L]
B30-1 0.6 3 429 523 50500 90 &) 18
B-30-2 25 293 413 480 54300 270 2] M
B33 1.0 233 339 424 50700 00 Ll ]
B4 7.2 23 M3 391 49200 300 ® @

1) Initial Dynamic Modulus of Elasticity.
?2) Relative Dynamic Modulus of Elasticity.
3) Durability Factor.
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Table.7 Test Results of Void System

. Specific | Air* Paste p/A Spacing | Durability
\\ Surfce ‘ A Ratio Fator L Factor

Test No. “_| {mme/mm"| (%) pi%) (um} %)
AB1 187 138 3R 2386 9 13
A%B2 21.20 247 380 1370 3 2
A353 23 518 33,80 653 B4 [3
A% 3B 83 2% 400 164 &
ABL 1750 151 3046 2014 492 i
A302 1710 191 37 16.39 461 13
A3 19.% 5.04 T 6.2 %4 [
A4 17.90 9.18 .46 3% 185 101
A1 15.09 167 20797 16.73 26 18
A2 18.51 23 709 1170 367 46
A253 2.0 489 B4 587 57 %
A4 20 8.80 .74 326 153 102
B-351 2.8 121 36.46 3023 5 16
B352 7.6 2.4 318 15.21 32 0
B33 0.2 47 3718 78 - )
B354 4.8 1170 36,46 312 3 0%
B301 0,55 117 .65 8.8 # } 18
B-%2 297 2.8 34.40 16.94 %
B33 5.87 3 3365 8.9 ®o
B304 B15 ’ 639 | M40 5.2 204 i %

% Air Content of Hardened Concrete
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