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ABSTRACT

In this study, the results of applying cold weather concreting mixed with Accelerator for Freeze
Protection(AFP) to full scale structures are presented. Since the determination of W/C and amount of AFP
significantly have an effect on strength gain and protection of frost damage in early, a full investigation is
needed to determine these values at stage of mix design. The flowability of fresh cold weather concreting with
AFP was similar to the same W/C. Lower loss of workability and initial slump flow of concrete using
superplasticizer of polycarboxylic ester than that of melamine sulphonate showed that polycarboxylic ester was
more effective on elapsed time. Temperature histories of specimens located in insulation boxes at the site was
similar to that of structures. Thus, it is cleared that simple adiabatic curing method is effective for evaluating
in—place concrete strength than specimens cured by sealing method. The investigation results of development of
compressive strength of cold weather concreting included AFP with curing methods by logistic curves indicated
that AFP can be effective to gain strength at lower temperature than normal curing temperature. In field testing,
vinyl sheets were placed over the concrete sections and AFP enabled concrete to gain 5 N/mr to protect frost
damage in early ages and specified compressive strength of concrete at 28 days under average temperature of -

2C (lowest temperature was —12C) during site application.
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Table 1 OQutlines of application of cold weather

concreting
No. | Period l\gggi%zﬁogf Cg;lgge;te QLl(aqtity
i v v R
2nd |o112.1 | Bdong | helliport o5 3018|137

A-dong | slab, wall | 5n_ann_
3rd |01.12.24 4F  |(outrigger) 20-300-50 306

A-dong | helliport |o=_onn_
4th [02. 1. 4 roof slab 25-300-18 118

Fig. 1 Members used cold weather concreting (A-dong)
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Table 2 Experimental programs

Factors Levels
Conc. types 25-240-18 | 25-300-18 20-300-50
W/C(%) 426 400 370
Unit water(kg/m")  [156, 160, 164 156, 160 167
P P, M(melamine
Type of SP. (polycarboxylic ester) sulphonate)
Properties|after mixing| Slump, Air content %ng)r{]tgrﬁ’
of fresh dlapsed

| timelmin) 0, %, &0

Comp. | maturity
strength’| ¢ D-D) 20, 40, 525, 80, 210

Curing temp.(C) -2.5 (condition of constant temperature)

* Sealed curing in humidity chamber

Table 3 Physical properties of cement

... | Specific|Sound|Setting time|  Compressive
Specific’ o 1 ness | (hm) strength (N/mr)

gravity
(cn/g) | 8 (1t Final | day | 7day | 28day
315 | 3200 | 0.2 | 340 | 5:20 | 261 | 307 | 396

Table 4 Physical and chemical properties of fly— ash

.. | Ratio of {Ratio of] .
Specific Loss on[Moisture Si0,

Specific unit comp. oo
., |surface 1gnition | content | /g
gravity | o7 ) V\(/%?I‘ str(%/r‘l)s)gth (%) (%) (%)

2.30 | 3520 100 90 2.99 0.20 | 53

Table 5 Physical properties of AFP(accelerator for
freezing protection) and superplasticizers

- Specific
Main ; Temp. of
Items component géa(l)\%t)y freezing Phase {Colour
Nitrogen + _ang
AFP compounds 1.34+0.02| -30C
op |Melamine [1202002] - |Liquid] "%
(standard) | Polycar- _
boxylic 1.24%0.02

Table 6 Physical properties of aggregates

Max.| Specific . |Unit bulk|Percentage
,[A £E- | size gravity Art;st(i)g%jggn density | of solid |F.M
YPES {mm)|at SSD °7 | (ke/8) (%)
Fine | - _
agg. 5 257 0.04 158 2.89
Coarsel 20 | 265 0.68 1.56 58.2 6.64
agg. | 25 | 263 0.81 152 578 7.08

Note : SSD(saturated and surface-dry)
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Table 7 Guideline of usage of AFPY

Cement Ordinary portland cement is desirable
Below -3T 38 /C=100kef
Standard Mean

amount ) B3 1 /C=100kgf, for W/C 45%
ti L= —~ )
used [P =30 ~=TCE e 100kef for W/C 50%

Table 8 Mix proportions for lab. experiments

Unit weight (kg/m’)

Mixture|W/C| s/a W+AFP

types | (%6) (%) | ¢ | FA| W |AFPY S | ¢ |(4/m)
366 | - |141.4]196[809]1011| 156
A |426|451]376 | - [1450]20.1 801 |1001| 160
385 - 11486[206 (793|991 | 164
400 - | 160 | O |774(1008| 160

B 4001441
00 400 | - |144.0)214 | 7741008 160
Cxx |37.0)144.0] 406 | 45 | 149 | 24.2 | 739 | 966 | 167

* Used amount of AFP : 4 £ /C=100kgf,
*x Control criterion of mixture C : slump flow

SRS |EsE =2E M15H 25(2003)
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Table 9 Mix proportions of A and B type

Compressive

Unit
) ! : strength(N/mif)
MixturelW/C| weight |Siymp e oﬁ‘tlgnt Outer_sealed

types | (%) (ke/m) |~ (cm) (%) curing(’ D - D)
W AFP| 20 | 40 [52.5{ 80 1210
141.41196| 17.0 | 48 [2.7(13.919.923.141.2
A 42614501201 180 | 4.7 |2.6(13.520.1124.240.8
148.6/206| 185 | 4.7 12.413.019.6123.240.8
160 | 0 | 180 51 [1.9(11.022.3126.143.5
144.0|21.4; 18.0 48 |2.8115.3123.0126.445.0
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Table 10 Mix proportions of C type

Unit Compre(ssive)
. Air strength(N/mnf
6 cm) (%) curing("_D-D) _ Jof SP
W AFP 15 | 30 52.5

55.00 30 | 40 | 125 26.2 P
525 35 | 28 | 102 25.0 M

Note : SF(slump flow)

37 1149|24.2

Table 11 Test results with elapsed time

i El d
Mixtur W/C|s/a| Tested timg?ri?n ) Type
€ (%) | (%)| items 2 |AFP| ) SP
types 0430 60
Slump(em)| 18 | 16 | 13
Air X P
5 100 luas cont.(%) 51148144
’ “|Slump(em)| 18 | 15 | 12
Air O P
cont.(%) 48145 | 42
SF(em) |55 55 | 50
Air lg0lo0]15] @1 T
C |370 |aaopent)
' | SF(em) [525| 39 | 30
Air O]l M
cont.(%) 35|28 |20

257



36 A ufgtel MA 4.2 232|E ERM 3

Fig. 29 vehd 20008 129 S 9r)2Ae o Yol Z FgolA AA7AY FHARES B H0F A
oz AAG oo AAFRAT N, RATE FF A wola, #ulE TN AT FANTE HARE 7
Be] Aoo= MA|EAE Angle] A% 160 L/ Aol wolgol7|ale] FAE FHEL ARl
o my} 2] e AAF 9 AQALE WEFE Ao Table 14= Z+ztol B} 3o whE HPR2A fu|&
Uelgtl Z38E 28 0o A%d= 145354 & T 4 Holso)7] AR F44%5E UEhd Aejrh
o] Azhglo] B ALgEA, 505 TEAF] T Q) FART NEEA, ArE A @AY
Qo 22 g Fasee] 44 AW 2 7+ 4 bl WE SHE &40 B 4%em SHUE T2 4
oA AEZANAE ZRF2RAA TAENEATE S cnZ Uepgton, 371% 42 078%E wiA SWE

23 Aoz Uehts Qo] o]2 SAAG wjde] A3 A A gk AA el ols 3799 Asde
9 AEAl ARSRE 2t A SRS = oM

s, @18 ALEE Hx YAERARTE YA SAYE Y T UV HiEos Addnh
ol AREE AL 25T ZelA e 40/C=100kgfe] 7
%’ @ A9 -18T vs) dofels Estn Table 12 Mix proportions for site application
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S A S = Mixture|W/C| s/a mt weig &/m SP |Type
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1 ERTE wEAYy] 93 wion B 40.044.1}400| - |148| 16 |774 (1008 0.9 | P

C |37.0144.0{406| 45 | 1541 18 |739(966]| 15
* Used amount of AFP : 3£ /C=100kgf
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Table 13 Test results at batch plant

4.1 HiX| EHE &¥ . Elapsed Slump| Air | Compressive
N{;)ggsre\?g/{)(): (Sog’l) time | (flow) |content| Strength (N/mif)

(min.) | (em) | (%) |1day Rdaysi3days

FUE Aus AHEStolE Bl Fo] 2% A
0 200 | 37
A EL_E- l/‘H A 7‘—5‘_7

A |426/451) 30 195 | 27 |019] 50 132
60 185 | 25
B 400441 0O 210 | 45 [051] 62 |139
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Table 15 Measurement plans for temperature of concrete

Measuring objectives

No. of Mixture Measuring

placing| types Members Specimens | Doints
- QOuter sealed
o a e PR
D- | adiabatic
Slab(top, middle) [Outer sealed
3rd C outrigger(top, simple 7

middle)outer temp.| adiabatic

Table 16 Maturity by temperature curves at members
Maturity(" D - D)

No. of | Age Slab Outrigger| Curing method

placing|(days) Outer | Simy
. . ple
TopMid. Low(Top Mid.| 14| diabatic

Outer
temp.

1 1151]228|245| - | - | 189 | 255 |151
st 2 |440{462\470| - | - | 398 | 548 |326
ard 1 |167]173| - 21617.7| 104 | 144 |101

2 130.3]31.9| - 443554| 231 | 313 | 208
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Fig. 3 Temperature histories of concrete in 1st placing
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Fig. 4 Temperature histories of concrete in 3rd placing
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Table 17 Compressive strength with curing conditions

Compressive strength(N/mr)

No. of Mixtureg Curing
placing| types |condition |1 pDi2 D|3 Di5 D|7 D|14 D28 D
Standard
curing
Maturity | 3y | 60 | 90 |150(210] 420 | 840

86 (17.5|20.8|25.2|127.2| 30.1 | 344

1st A 2.01146(16.0|118.7/21.6] 26.5 | 30.3

15.9(31.3|38.7|48.1(62.2|115.3(222.3

4.1199|18.6|28.9|33.0|40.8| 49.4

1213686 |23.4|279|31.3|375

¢ D-D)
Quter
sealed
Maturity
(" D-D)
Simple | g 190 91939|24.8(25.3| 27.4 | 34.1
adiabatic
Standard| g 6117 0101 7197 0/297| 33.4 | 370
curing
O“}e(rl 2.7 |11.7|13.1{17.1{195| 26,5 | 27.8
ond | B Nfef e.t
¢ aD“_“DY) 15.4(22.8(27.7|38.9|51.4/110.8209.8
Simple | g7 117 3119 7(22012231 285 [ 31.2
adiabatic
Standard
curing
Outer
3rd C sealed
(l\fla]g“_nlt)y) 11.4]21.029.6/46.6/59.9(107.01297.5
Simple 155\ 83 (139|25.7|28.3 34.6| 41.2
adiagbatic
(D : day)
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Fig. 6 Compressive strength -of 2nd placing(25-300-18)
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Fig. 7 Compressive strength of 3rd placing(20~300-50)
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Fig. 8 Compressive strength of Ist placing(25-240-18)
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Fig. 9 Compressive strength of 2nd placing(25-300-18)
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Fig. 10 Compressive strength of 3rd placing(25-300-50)
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