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ABSTRACT

This study is to investigate the temperature curve and development of compressive strength due to the curing
conditions and to evaluate the optimum curing condition of test specimens showing the same development of
strength to that of real structures in cold weather. The results of temperature curve with curing conditions in
mock-up tests showed the trend of decrease plain concrete with insulation form, plain concrete with heating, concrete
with accelerator for freeze protection, and control concrete in turn. The strength development of plain concrete of
inside and outside of shelter showed the very slow strength gains due to early freezing, but that of concrete with
accelerator for freeze protection showed the gradual increase of strength with time. From this, it is clear that
accelerator for freeze protection has the effects of reducing the freezing temperature and accelerating the hardening

under low temperature. Strength test results of small specimens embedded in members and

located in insulation

boxes at the site are similar to that of cores drilled from the members at the same ages, thus it is clear that these
curing methods are effective for evaluation in-place concrete strength.
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Table 1 Design of experiment

Variable Levels
Type of - Maximum size of coarse aggregate @ 25 mm
mixing - Target design strength @ 24 N/mm®
proportion | - Target slump : 15cm
- Plain concrete(PC)
’Egggrset%f - Concrete of accelerator for freeze
protection(AFP)
- Mock-up test - Cylindrical specimen
- Plain concrete - Sealed curing of
~ Concrete of accel| interior membrane
Curing erator freeze pro-{ - Sealed curing in -
methods tection outdoor membrane
- Adiabatic form(PC)| - Embedded curing in
- Heating curing member
PC) - Simple adiabatic curing
Dimension
of Member L 3,000xH 1,500xT 600 (mm)
- Temperature curve(center, corner)
Items of | - Strength of cylindrical specimen(3, 5, 14, 28,
measure 56, 91days)
- Core strength(28, 91days)

Table 2 Physical properties of cement

Setting Sound Compressive )
Specific | Blajne | time(him) | LOI |* ess|-strength (N/mm°)

o 0,
gravity |(em/@)f e Thina | %9 | @) | ap | 7 | 28D
315 | 3310 | 360 | 600 | 10 | 01 | 210|285 374

Table 3 Physical properties of fine aggregates
Um}t]z Solid 5um

Specific| Finess | Absorption

gravity |Modulus| ratio(%) (v}:gei%n‘t) content(%) | passing(%)
2.64 219 1.08 1,565 0.2 1.1

Table 4 Physical properties of coarse aggregates

Specific| Finess | Absorption w[giniflt Abrasion T5um
gravity | Modulus | ratio(%) (kg gm1 ) ratio(%) |passing(%)
2.85 6.97 0.54 1,722 224 01

Table 5 Physical properties of accelerator for
freezing protection

Main Specific Freezing
Agents |Maker composition g(rZ%Vétg/ pH T(qcm)p. Shape| Color
High Datk
range . . B B .. | Dar]
water H |Naphthalin| 1.15 Liquid brown
reducer
Accel- .
Inorganic _ |02
er?;é)ézéor K nitrogen 11336 less| -30 [Liquid b?gs(n
protection compound than
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Table 6 Curing method of mock-up test

A | re | oo g o
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D [ rc | Comerieconting fo
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3 IS
)
e}
-
=

Heater

(b) Section

© Sets up location
of thermocouple

=1

3000

Simple
adiabatic curing

og
AN
ol ]

1500

L:

Heater __

H

‘| o ls. h

(a) Plan (b) Section

Fig. 2 Location of embedded thermo couple
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Table 7 Mixing proportion

N . k 2,
wic| sa | Amount of Unit weight(ke/m©)
) | ) |, r sp
(2/C=100kg)| C | W |AFP} S | G (Cg=%)
2 155 9 419(1.2)
4701470 3 3491150 | 14 | 853 |1035|4.89(1.4)
4 145 19 4.89(1.4)
Table 8 Results of test
Compressive

wic| sfa Amount of Air strength(28days)(N/mm?)

Slump
o/ | (9 AFP content
(%) %) | g jc=100kg)| ©™ | (o) | Standard | Adiabatic|Exposed

curing | curing | curng

145 45 315 20.7 58
4701470 3 145 | 40 320 230 9.0
120 | 29 328 24.3 108
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Photo. 4 Location of thermocouple

Table 9 Results of quality test in ready mixed
concrete and site

. Slump | Air content | Concrete | Outer
Location | Types {cm) (%) temp. (C) [temp. (C)
Remicon| PC 170 45 21 02
Facility | AFP | 145 40 ' '

) PC 12.0 32
Site 11.0 -2.0
AFP 85 3.0
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Table 10 Test results of compressive strength

Compressive strength (N/mm?)

Types 3days | Sdays | 7days |14 days|28days
oo | s | e | o) | wof

Standard | 20.2(90) | 288(150) | 209(210) | 344 | 361
Embedded in] 78526 1227700 146(913)| 230 | 281
af doner 130046) | 44272 | 61289) | 66 | 79
cuter | 2822) | 2307 | 26028) | 32 | 35
Simple 1 72(316) | 123467) | 148643)| 225 | 302
Standard | 19,3(90) | 27.8(150) | 286(210) | 332 | 363
Embedded in| 10 (57.0) | 17.1(805) | 186(922)| 216 | 285
B| mmer | 25(46) | 53272) | 61(289) | 120 | 166
COuter | 1622) | 2507 | 35128) | 55 | 68
Simole | 35(31.6) | 124(467) | 13.7643) | 244 | 306

¢ |Embedded in) 18.0(85.7) P4 1131.8)26.2064.| 297 | 325
i Em%i%%? in142(744) [200995) 2120110.D] 250 | 272
cahner 270246 | 37272) | 69289) | 115 | 136
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Table 11 Test results of core strength

Core strength (N/mm?)
Types 28 days 91days
Surface | Center | Surface | Center
A 245 254 28.6 29.6
B 30.8 31.3 32.3 325
Corner
C 326 322 34.0 35.0
D 26.3 287 30.7 338
A 287 281 30.1 31.0
B 326 33.0 345 37.0
Center
C 336 36.4 37.0 386
D 27.3 30.7 28.1 30.8
[m} surfaa@éaa_ys) Ocenter(28days) j
coner ‘E_l_syirface(mrdays) B center(91days) center

Compressive strength(N/mi

Curing method

Fig. 9 Test results of core strength in mock-up test
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