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ABSTRACT

When fresh concrete is exposed to low temperature, the concrete may suffer frost damage due to freezing at early
ages and the strength development may be delayed. One of the solution methods to resolve these problems is to
reduce freezing temperature of concrete by the use of chemical admixture called Accelerator for freeze protection. In
this study, we investigate the effect on the strength development of cement mortar using accelerator for freeze
protection with the variable curing condition. As the result of this study, the mortar using accelerator for freeze
protection show continuously the strength development in curing condition of -5C. And the compressive strength
under variable temperature condition was higher than constant temperature condition in same maturity.
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Falo g Alga W EAENT AEstuAt sk w/c| Mixed Unit volume( & /m’)
(%) ratio | Marker " "
°lC :8) Y C S |ADl | AD2
22 AMBNE P |21 | 159|581 | - -
50 | 1:3|K S, B| 230 | 159 | 581 | 20.04 -
B Ao AMgEt ZdE ALgAs(AHE, AR 2AF H 251 | 159 | 581 - 1.50
244 9 NP9 2204 AL Table 3~5% 2, * ADINF), AD2(WRA)
Table 1 Design of experiment
Variable Levels
W/C(%) 1 50
Mixed ratio(C:S) 1 1 : 3(weight ratio)
. . - Water reducing accelerator
Kinds of admixture 4 - K-product, S-product, B-product
Mixed contents of " Flain
: 3 - Standard content of Accelerator for freeze protection (4 £/C=100 kg)
1 admixture W duci I
Series ater reducing accelerator
Curing condition 3 -5C, 0C, 57T (constant temperature condition)
Maturity (TD) 4 10, 20, 30, 40
- Freezing temperature of mortar (2£, 44, 6 £/C=100 kg)
Experiment 4 " Selting time
- Chloride content
- Compressive strength (7, 28, 56 days)
9 Kinds of admixture 3 - Plain, K-product, B-product
Seri Curing condition 2 5C~-5T, 0T ~-10TC (variance temperature condition)
eres Experiment 1 - Compressive strength (7, 28, 56 days)

Table 3 Physical properties of cement

Specific Blaine Setting time(h'm) LOI Soundness Compressive strength(kgf/cr)
gravity (cn'/g) Initial Final (%) (%) 3D 7D 28D
3.15 3,200 350 6:10 0.7 0.05 195 293 397

Table 4 Physical properties of fine aggregate

Specific gravity | Finess modulus |Absorption ratio(%)| Unit weight (kg/m')| Solid content(%) 75um passing{%)
2.59 2.60 0.52 1,690 64.8 05

Be o HRZisIn UEISNHE St 2ok ZESy 943



sk =& d8kE FHe A @2 ZagEeY 4R
FHF 5471299 EM-250)8 o183l ZAsgL
W, $Z2AFL KS F 4369 #JAT g e
= ZAskglch
3. dEza ¥ 2Y
31 UietEdM § 229 SEE2E
Fig. 1& 228 @] A 89 NFSl $% % ¥
& sl e FALESAYS ekl AoeA A
08 NFY §ivt 3715 $225k A4 vopAe

Ao® Y,
AolM KA AlE4)

90

Freezing temperature(*C)

Fig. 1 Freezing temperature of accelerator for freeze
protection
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Fig. 2 Freezing temperature properties of mortar Fig. 3 Freezing temperature curve of mortar
Table 5 Physical properties of accelerator for freeze protection
. . Specific Freezing
Types Maker Main composition aravity(20°C) pH Temp.(T) Shape Color
Water reducing | 1 Naphthalin 115 - - liquid |Dark brown
accelerator
. 0.2 j .
K Inorganic nitrogen compound 1.32~1.36 less than 30 liquid | Dark brown
Accelerator for - + 0.2 _ -
freeze protection S Inorganic nitrogen compound 1.40%£0.03 less than 30 liquid | Dark brown
. 0.2 B - .
B Inorganic nitrogen urea 1.32~1.36 less than 30 liquid | light yellow
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Fig. 4 Time of setting curve of mortar

0.213

0.104

Chloride content(kg/m3)
o
o

0.05

0.00
P H K S B

Kinds of accelerators for freezing resistance

Fig. 5 Chloride content of mortar



(@)
w
0
ro

2
g
ro
%
]
2
B
rin
oY
kn
dm
0x

TolA A8 A

w2He) 2853 442 dd £ o
A dHzde 4Qst

AeEAe (D3 23, FEFA
%LEP’S’G).

M= 2]( 6 ,+10)4¢ (1)

A7VM gz AtATEY] RE2H 25(0C)
4t ATHY)

Fm
1+exp(—Fk- logM+m) 2

F._

A7, Fo: HFEQRE
M BARE

km : AT

Fig. 62 ZA2€ FAAE o]8std NFE sty
BEZANA FAT R2HE AR ANRE AT
ug FeFA4E vehd Aol Avtyoem A2
T UM mE A=ZARNE A4 4SAE 234
o} B AE FMAL o]43 FEFASNY dile vla
A fAe Aow BAEQ oY g EIAR £
AFAE AHES Aol AY AT 5T 294
E i Ajol7t g Aoz Ykt

Z 22 AE ZAHS olgsy] Y3 AAATY e
FHolA plain®} A8 ZAE ARS AS, B}
247} A0 N/mr®t 65 N/mi¢l Ao EXgPo2A g8 &
AEY A=FTAHNE BHoZ AMEHE AR
A5 27|19z A0 9gslel 2HdM = 879 da
BRIt AL ¢ & Qe olFd A EadE
o] AzAo] FALL: Foh APS ojFA Hom,
Sauld] AALEFFE 5~0T AT L= 7
Acke Pricee] $43 YAske 292 2 + Yok

weld, gEHP0] AlQket 27 ERAY CIH(-5+1.5
§:BE YEA= AWE 9= 2| 2&)ol)
ANL TR 7|FLEWE ZaEY EA ug &
g Hg3le= 5o g FRHES} a7
a7 Aezpos PYLEI} 5T ZAGNE NF

T3 4971 0CH 5T FA=AA vl3) ohh v

% e ez gloy, dutdoz #ike
=7} Z7Me) e} BER ASdow FAHE Aow

flo

32
e
I
)
+
=
g.
o
Jp
)
oft
n\l
£
2
i
rlo
o
r
o
(o]
rir
e e

A AFLZ(0TD)N =23 olF, FEF7o] 7
e 2oz vehged, ole $E 250t A o

946

& mEEpt 27)5dslaE B Ho) yehe Az B
g,
39, YFAE 50 NPE A B Aae

5

Compressive strength(N/mm?)

Compressive strength(N/mm?)

Compressive strength(N/mm?)

Compressive strength(N/mm?)

Compressive strength(N/mm?)

10 100 1000
Maturity(°CD)

Fig. 6 Strength properties of mortar
(constant temperature)
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(variable temperature)
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