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Investigation on the Method of Evaluating the Resistance to
Freezing and Thawing of Concrete Subjected Initial Frost Damage.
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ABSTRACT

In concrete incorporating high volume ground granulated blast-furnace slag that has frozen
at early age, to evaluate the results of resistance to freezing and thawing is very difficult
because the hydration of the concrete increases over the duration of rapid freezing and
thawing test. Hence, the dynamic modulus of elasticity of specimens after freezing and
thawing will be favorable results unless the hydration effect is taken into consideration.

In this study, a method of evaluating to the resistance to freezing and thawing of concrete
subjected freezing at carly age, in which the effect of hydration is modified for its increase

during rapid freezing and thawing test, is investigated.

Keywords ! resistance to freezing and thawing. rapid freezing and thawing test,
slow freezing and thawing test, water-keeping test, dynamic modulus
of elasticity
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Table 1 Properties of materials

Materials | Marks Properties
Ordinary portland cement
Cement C Fineness:3250cr/g
Specific gravity:3.16
Blast BS4000 F‘me{u.ess3424'Ocrr‘1‘{/g
Furnace Specific gravity:2.92
UTn:
Slag BSR000 Fineness:8240cn/g
) Specific gravity:2.92
. Pit sand, Specific
Fine . -
Asgresate S gravity:2.53
geregate Absorption:2.64%
Crushed stone
Coarse G Specific gravity:2.86
Aggregate Absorption:0.98%.
Gmax:20mm
Superplas A complex o.f a
- ap polycarboxylic
.. ether and a crosslimked
ticlzer
polymer
Air Agent AE Alkyl carboxylic acid type
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Table 2 Mix proportions of concrete

T ¢ |Name of mi W/B or /o Unit content(kg/m’) sp AE

cgr?:rset()e aroeo?ti;?lx A (SV) B (Bx (Bx
prop (%) 0 w S G wt%) wt%)

C BS
Self - BS4000-80 35 52 175 100 400 804 839 1.26 0.007
compacting

concrete BS8000-50 35 52 175 250 250 810 843 1.35 0.005
Normal W/C=35% 35 40 168 480 - 643 1090 0.8 0.004
concrete W/C=50% 50 42 175 350 - 728 1118 - 0.008
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Table 3 Curing conditions

5S | Sealed curing at 5T for 7days. without freezing

F58 | Sealed curing at 5T for 7days, after freezing

F5W | Water curing at 5T for bdays, after freezing

Sealed curing at 30T for 3days and sealed

F308 cuirngat 5 for 2days. after freezing

F30W | Water cuirng at 30T for bdays. after cuirng
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Table 4 Compressive strength at the commencement of

freezing-thawing test
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Table 5 Relationship between dynamic modulus of elasticity

and maturity

Tyf:sst of C(g]l:iriltrtl)is Eo a b r
5S  |37016 | 11.03 | 8637.97 |0.998
Waterk [ "pes ™ |28137 | 11.51 | 20524.09 |0.998
f:;”;gt F5W 32493 | 11.37 | 12502.56 |0.999
sov |_F303 [30000 | 625 |34893.99 [0.989
F30W |36081 | 9.85 | 7378.26 |0.999
55 |36470 | 17.00 | 6766.46 |0.993
Water k" pss 28122 | 28.57 | 6797.27 |0.998

eeping
oot | rsw_|3s1ss | 2519 | 5886.73 [0.99%
v |_F30S [29163 | 17.04 | 5812.44 |0.997
F30W |35553 | 16.42 | 4747.89 |0.991
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Fig. 10 Relationship between dynamic modulus of efasticity
and maturity
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Table 6 Comparison between slow freezing-thawing test
and water—-keeping test

Modified durability factor

Curing Rapid Water- | Water-
conditions | test | Slow test | {ccP 0 | {OOPS
20T 0T
58 99.31 92.79 95.19 | 93.79
F5S 68.91 59.51 63.30 | 60.39
F5W 88.36 80.63 83.34 | 81.24
F30S 64.85 58.65 60.37 59.27

F30W 83.40 77.90 79.85 | 78.84
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g. 11 Comparison between slow freezing-thawing
test and water-keeping test

5d &

2 AT dolnl Fa ATE e 2ok

(1) ARz §AE we BAJEEL W3

of WeH FEEAFANGETE Fae] Ggol

2 F 9% P57 AL, 1 RFANS

AeaA BoAs7l faNE o Fael JYE
B4 ¥ "art Yok

126

(2) 20C, 0CoA FFUHAEE
2r9 FaAAsee] BAE olistd F&%F
AgalAdFe ko] 93S By A, 0T
ol FEAdPAREA o e AF 27| A
S e FAYE YWEHAEE Hrkske WHe
2 goz ¥ d&3t F shsdo] sth

Wekn A4

0=

gk

1. ASTM C 666-84, "Standard test method for
resistance of concrete to rapid freezing and
thawing”, Annual Book of ASTM standards,
Vol.04.02, pp.403-410, 1984.

2. ITA&Gar ) - EEE EERATIHHERE
rear7 ) — LIS, 22270 —1+F47 708
6, BATAREE, 1996.

3. BRE, Eaw. N, ERREEZTo cERE
7)) — + ORREEICET 2%, BREASRERIE
R RS, pp.552-523, 1987,

4. Gardner. N. J., Sau, P. L. and Cheung, M. S.
"Strength  development and durability of
concrete cast and cured at 0C”, ACI Materials
Journal, Vol.85, No.52, pp.529-536, 1989.

5. BRGE, BMCE, B85, =i, “UEER 2
£ 7~ PORERTEZOK, A2

~ M, No.52, 1998,

6. ZHfh, B "EBEA T W ROTREEICT 5
—E5 A MEER, No.43, pp.247 -250,

7. BEKE, WAEE, "EHEI 7)) - ORTEEED
FHEEICBIY B, BALASERUE, No.433/
V-15, pp.71-80, 1991.

8. Carino, N. J. and Lew, H. S. "Temperature
effect on strength-maturity relationship of
mortar”, Journal of the ACI, Vol.80, No.3,
pp.177-182, 1983.

9. Saul. A. G. A, "Principle underlying the steam
curing of concrete at atmospheric pressure’,
Magazine of Concrete Research, Vol.2, No.6,
pp.127-140, 1951. 1988.

10. Nykanen. A. “"Hardening of concrete at different
temperature especially below the freezing
point”, RILEM Symposium on Winter Concreting,
Session B, 1956.

11. EFZIS%*E?K Blll—%k, #H28 "BHEA7 &S A2

— P ORI BB I 5 R LR,
Eﬂgi*ﬂﬁ'@ A0, No.564/V-35, pp.121-131,
1997.

Z3az|E8s| =2 F M 113 4% 1999.8



12, B85, Sk F), S, RERER T B 14. Chin. F. K. "Relation between strength and

2T 7EMar 7)) — FoOBERERSNY, BARaC7 maturity of concrete”, Journal of the ACI,
) — b THEMEREGRSCE, Vol.20, No.2, pp.205 Vol.8, No.3. pp.196-203, 1971.
-210, 1998.

13. iiﬁ% BHERRTIC BT b2 7 ) — Fogitic BT
", LRSS, 1991,

2 %

sEwigo] ke TEWAA £ TAEdAE FAFAANEIF S0t ABHE A9E BB
Hepd WP Astel dg BuAATe) Fas FENge o FeAARY T Ads
TASASe JEE BH Wb T 4 ok wed B Aol ABE7l $h 9% v
sagEe] WENYS vad FgeA BohE & 9k PR Adsg F HS Abgo] ek
BARA slom, AN P A n2EdanE Y LAERATUES B2 &
o FEEASANY, FSEAEAANY 221 £FURNEL AAGGen, o ARES B0 o

ﬂi%évaﬂ*l‘ﬁw«l 3o Yge RS PHES AR

27, 0CAM FELAPe A7 AL ARZo)e] AL Be 2AJES USAYE Frkehe
pHozA gon 2P 483 @ shs4ol An

(M=agXt : 1999. 3. 27)

Z32|Ests| =28 M 112342 1999.8 127



