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Fundamental Properties of Alumina Cement Mortar

by Insulation Curing Method under Low Temperature
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Abstract
In order to examine the possibility of practical use of aluminate cement concrete at low—temperature environment with
insulation method, an experimental studies on flowability, setting time, freezing temperature, size variation and
compressive strength of the mortar at low-temperature were conducted. Compressive strength was increased in use of
CSA, aluminate cement with gypsum. Workability and physical properties were improved by using aluminate cement and
gypsum. In addition, freezing resistance and physical properties were improved by applying the insulation curing method.
Especially, when alumina cement and gypsum were used together, the insulation curing method was more effective in

improving the compressive strength.
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Figure 1. Development of compressive strength according to
cement curing temperature

Table 1. Reactivity of anhydrous phases of cement

Cement Portland cement Calcium aluminate cement
Phases CS CQS CaS C CaA C|2A7 CA CA2
Reactivity Inert Slow Rapid Insta- Very rapid Rapid Slow

nt

C=Ca0, A=ALO;, S=SIiO,, F=Fex03

Table 2. Hydration heat of cement phase simulated using least
square method

Cement Hydration heat (Kl/kg)

Phases 3day 7day 28day 90day 1year 6.5year 13year
CsS 243 222 126 435 490 490 510
CoS 50 42 105 176 226 222 247
CsA 887 1556 1377 1301 1167 1372 1356
CsAF 289 494 494 410 377 464 427
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Table 3. Design of experiment

Factors Levels
W/B (%) - 42

Binder : Sand ratio - 1

: 3

Plasticizer - Binder x 0.5wt%
Retarder - Binder x 0.25wt%
Curing . o)
- Sealed curing -5T
Curipg temperature
Mixture condition Curing form - Non-additional form system
system - Insulating form system
Plain - OPC 100%
- CSA
Binder  Aluminate - CAC(CA)
cement - CAC(CA)+gypsum
replacement - CAC(Ci2A7)
+ CAC(Ci2A7)+gypsum
- Flow
Fresh mortar - Setting time
) - Mortar temperature
Experi-
ment

- Compressive strength
(3, 7, 14(-5C)+14(20°C) days)
- Dimensional variation

Hardened mortar

1) Sealed curing for preventing of moisture evaporation
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Table 4. Mix design of mortar

Speci Binder {0 v%?art]gr' Citric Curing
men QOPC CSA C()égf (%]AZ%% géﬁ?n Plas(’[g)nzer (g System
Plain | 450 o T

CSA 315 135

Ci/S0 315 135 Non-

C1/S1 315 101 34 1125 insulating
C1/s2 315 90 45 : system
C2/S0 315 135

C2/s2 315 90 45

Plain-i 450

CSA-i 315 135

C1/S0-i 315 135 )

Ci/S1-i 315 101 34 105 '”Ssylgfé'rgg
C1/S2-i 315 90 45

C2/S0-i 315 135

C2/S2-i 315 90 45

3.2 AIZ2NE

3.2.1 AME 3 A

ARIE 31 CAC Sz S ABshs AES 5 B
ZEUSAMIE, CSAA AWE, FR2A ufeh A,
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ufghe st} CACSE Mo A3EIIE 2:1, 311
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w BAl0] £ Sjaby HAS Table 5, 69 Lehigich

Table 5. Chemical and physical properties of binder

Chemical compositions (wt%)

Material

Si0; AkO3 FexO3 Ca0 MgO SOz
OPC 2186 495 366 61.70 275 216
CSA 125 1434 050 5217 122 28.36
CAC(CA) 344 4024 1680 3849 076 0.4

CAC(CA+Gypsum (3:1) 206 24.14 10.08 4309 046 20.14
CAC(CA+Gypsum (2:1) 267 3081 128 2756 062 25.08

CAC(C12A7) 3.12 3124 1421 4961 065 020
CAC(Ci2A7+Gypsum (2:1) 215 1591 063 5336 024 26.25

Table 6. Physical properties of aggregate

Maximum Unit
. size of Fineness  Densily Absorption volume of
Division aggregate  modulus (g/cm%/ (%) weight
(mm) (kg/m”)
Standard
1SO sand 20 2.60 2.61 1.0 1,600
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Table 7. Physical properties of chemical admixture

Density

Division Main composition Shape  Color

P (glem?) P
AE water reducing  Carboxylic acid . Dark
agent copolymer 107 Ligud o0
Retarder Citric acid 1.79  Powder White
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Photo 1. Installment of thermocouple and strain gauge with
insulating curing method

Table 8. Physical properties of insulation form

’ Thermal i
i ' Thickness h Specific
D Material ductl .
ivision aterial (m ((}:g; I/l#r? hlg(“?) gravity
Insulating form Isopink 25 0.008 0.03
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Table 9. Table flow and setting time test results

Setting time (min)

- Flow
Spedmen (mm) Initial set Final set
Plain 235 380 610
CSA 180 150 180
C1/S0 140 30 50
C1/S1 175 120 150
C1/s2 185 180 220
C2/S0 125 20 35
C2/S2 180 110 140
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Figure 3. Temperature test results
Table 10. Freezing point result
Specimen Plain CSA C1/S0 C1/S1 C1/S2 C2/S0 C2/s2
freezing
Normal ime (min) 320 60 44 46 116 48 84
form  freezing
temp. (C) -0.7 -1 -1 -1 -16 -11  -09
freezing
Insult- timp (my 190 256 200 254 170 160 132
ion
form  freezing  _ _ _ B _ _ _
temp. (T) 1.2 1.1 0.8 0.6 0.8 0.8 14

CACE T=02 X|ehet AIGAIS] FAA 4448, 48
HOR A[A F 7 wE AR JeRton, SAE =
-1TE Yepdt} ohs A8 oA® CACS] 43RES0]
27| ZIeYEjo] MEELE U AR{a=0] o] Tasigll
SAARIo] Wl Zlo 2 eEl3], dakge 483t
73 CAC AJ@A|Y] EZAAITEE C1/S0 230+, C2/S0+=
16002 717k oF AL 2417 A A= gl o FA =
-0.8C=E Z71F3Lt.

CACe} 4115 A A|eiet AlEAQ] FAARE: CACE
S=o = Xgg AIRA div] Aol S8l 54
oEL (1/S2%= -1.6CE Z4slaon C1/S1, C2/S2=
Z Zol7t glis AoE Uelt), dadS A8 4
ZF AFAE AR 1AIZRA 3AZI7EA] A= 9L

—



— (5A
CSA-

Plain

Plain-i -

Shrinkage {*10°®)

-1000

0 6 12 18 24 30 L a2 a3
Time (hour)
1800
&~ 1200
3
b
El ——C1/50  ——C1/s1 ——C1/s2
¥ o LS04 CLfSIT e C1/52-i
£
N e T T
w1
-1200
o 6 12 18 24 30 36 42 a8
Time (hour)
LTYR T N ——
x5 [—cas0 ——cafs2
% _‘ ......... €2/50-7 eneen C2/52-0
=
5 -
18 24 30 £ a2 a8
Time (hour)
Figure 4. Autogenous shrinkage results
=] =
ol 0,5C U2 AR W} g3 oLt Eust

v %
A9 e g Aow Liekey,

4.3 £ENE

Figure 4= HE2EL=0] X230l 2UEete] 57
52 Lehd Hojctk, CSA, CAC 13-4 A7} /\]ﬁﬂx] oro
Plain®] 42452 6A17FE2T Al&A7F & ] o}oﬂ
I 6AIZF o] SHE AT = A =512
24ARE oS RE = R} 79 gls AleE UrEPklEk
CFJoRAl S 285} A Plaine A7} XA
= welg on] 4A7HE0 FAE] Sz Eq
A WASIAAL 12A17F o] 95 <
o= Yepith

CSAZE AR AJSA= SAI7EE &
BARE O E] 48AR7IA LilaiA 43 s
1,}1:4.1/1—1:]. r;}-o:IOkAHO XLg_‘G]- CSAL 6/\] 15/ ]_ ]

TESh=
231 ¥, 441 o)
s29sl} 79| g A

23]

ANEE 1
1=

T

BAIZE o] S HE] A8AI77A] LIEHA| A WAFsI9Ict o]
& AP 28 A9 mEEE AEAZt 5] 2

7 CSAS] AT} 4% FREg00], mEEk A

A7t E2H ol HE= CSAS| WA} wH[sHA] A%

425

Moz Ut HoR 2w}

CACE =02 2|8t AlYAl= C1/90, C2/S0 5+
AANZEEQE =31 S AATE o| S HE] 48AITEA] R|&53 L
2 sk AE £=39ch gy H8st e
C1/80, C2/S0 ®5 & =550 5718iom, o= ¢4
PYS A3 BS CACS] $5pikgo] o WaE|lon of
2 Ql3) mEEtE Ao o WAE Zo s mekE)

CACe} Ha1E 3:19] Hlg2 AHIES] 2|25t C1/S1 A
FAle 27] 4ARPIA] $531 7 6ARPIA) T 2 3
HES Yegon 15 410 el 42 Bl
At CACeE A5 2:19] vl&= AMIE 2|2t C1/32

ABA 2417 0| F5E) SARIA tha: W =s} 37
Lpeh F 817 o] 5E] AlH o ghtelA] W=
Ao Uehton), Aibo R $ sEanc) Bgyws)
o =7 S SI C2/82 AldAk= 6ARI7HA] =3t
GA7E o] ZHE] &AM oz QkslA AZ WAEIGTH T

HoPge A28 4L C1/S1, C1/92, C2/92 R %3}
w7} ghasiglom AAH o Aol gl me 3
Fohe HEr} STk AoR et

ARbA o2 mae2r) S457] A7 CAC7L 5

57718 Aale= CACR oA ohike= Fdl 3
& futelel 43S WiRon, Bt} 52
ojfofe X&A oz elishA 5 B WS U=
O e, & dollAs CAAIET CoArAld 4 CAC
= A 70} 3k AFRE Ao ;q];(%_ﬂbb]— 07 olal #F<
WAJsl7] QaliA Aare] somMlES 2H2t 311, 2:11=
S o] §57 A2 Uekich, = AT 470 A8
oAz A A CACY] F57l wiet B sol A
Jolsh ofi= CAC Aare] spk-ggollA ettringite
9 mono sulfate 58H50] AT H2EFE Y 227
27} WAlelA A9IAE 24727t e S ol
Aoz FAEH3,

1

rl

AN

O_L,

TE =
E'.

PO oiﬂ

o?ri ﬂIIO

Et
24
=

4.4 USZE

Figure 5, 6& A2aPol Bzl 28] o
£ mErke AR IE7E S9EUE vehl Aolc)
HEglE7} 27)0) BAusE WAsHA|7] LeliA= 3 oF
Z71 7} 5MPaS BHlsl= 7o) 2a3t Aoz AdA Q)

om o]E WESH= AlFA= CSA, C1/S82, C2/S2¢1 Ao
2 UeERdth e uigke = SOs 2 Apale| 2akE



Fundamental Properties of Alumina Cement Mortar by Insulation Curing Method under Low Temperature

30

Ozd m7d W 14(-5C)+14d(20°C)

25 A
20
15 ~
10

5 -

Compressivestrength [MPa)

Plain C1/50 C1/s51 C1/52 C2/50
Figure 5. Compressive strength test results (normal form)

0 +— E——

C5A

C2/s2

30

O3d @a7d W 14(-5C)+14d(20%C)

25
20
15 4
10

5 -

Compressivestrength (MPa)

C2/52-i

o

Plain-i C8A-i C1/50-i C2/50-i

Figure 6. Compressive strength test result (insulation form)

cifsi-i  C1/52-i

oA

HlgEo =A] 4317} bl ufet 27174w0] o] 94
P Uehdonl, 27] Bz it s WAlskes] 52

ol

oF TMPa 73 370 Uhebikom 1491 4 2opgols: 142
AL PR YEEE O ATBA el AR o
WA SRS webd 2] AR IS0l B2
79 A1 2870] AT o] F F712I SHelA 5

A HAdeS v B2k AoR wehEnh
GEPEE AT B HiFEe] Al A==t

=
A A7 oA S711, S5, CSA 2 CACS} A4
S| ARESE AR 3 Tt 5MPa o BEEE
A TARS A 8] Gk AlEAe] 14U ALk
FASH =Tt et Avt
S 283 79 AT ZHojA
A7} AslLt, CoAr AEe
ARE3E 02/S27) 39 =77} 12, 5MPa
So25lglom, CSA, CAAEY CACE AR8s3)
C1/S27} 247+ 7.58MPa, 7.88MPaZ =7 ZA=| i}

@

AollMe Aol Aol 7hsstal 27] A=
W EAJo] Rt A gt e AN 2] Ths

426

e HET BAOR ARUUAYIE W RN} B3
£ 983 meekeo] 4 3 TR Hgo
UE B29, SANL, LEAF, 45715 D 4EYE 5
e dEsilon thewt e 2ES 92 4 Ut
1) OPColl CSA 2 ASOPAHIES: A3 meeket

~502) ALHINIE 2710] SBRESo] WA
W], CSA 2 AROPAHIES} 1S A§E 7
9 3900} 5MPa o] YEYES WS, B
PITHE Hgsto] A A7) G5t 3
E|90m CrAAES] CACE AMERE C2/S27} 7=
o] 7V Sstn

OBCe| ARHARIES HE0 2 4
9AJ5} W FABo| Uehton), o= Hug IS}
o] SANNE ATt FEHE ZUNA
A 5 sl

A1 281740l OPC| CSA, L AIIES AN
749 OPCE U502 A§3 49 du] mEEEg
LA 417k ZISI00, Ao Akge] 37
S SAA] NG, ol S3REgo] W
A o] A7} 74t B 71918 S0 ek
S, GUPITHS Hglel mEekEe] LrAs
S5} g SANIe] A=,
#2701 OPCRll CSA, LFUNPARIE 2 A1
AT 79 7] 6ARMERY ZHBe TollA] wha
A 58 o) N4E O ShlshA BAIo] S
Ao] AFsH= A0 Lehrt BAPYTHE Mg
& A9 RO Sl stk

2)

HEZ

T—=

3

=

=

=

3
b |

8

A7 SARES AT A5 2TTEslet o]
A== EAPE e, olF ’AJsl| flsiM= 22EE
7} &3] ool A[IES] opkgo] A ofel Al
el Zlo] Fhof, ofof & e A2oA e ojdo]
| W EE AlOSEo] FFO] 52 CSA, LFULUA]
HIEE OPC| 2|&slo] &/4%71E aekrt. 1 A%t
CSA, LFUUARIES Ao 5T A2ghgolA =
7)of ek wEA| HsE, FEEY B s dAle)

H=21Wo X



Acknowledgement

This study is part of the output of the research
funding for Advanced—City Development project
2014 of the Ministry of Land, Transport, and
Maritime Affairs (16CTAP-0078650—03).

References

1. Han CG, Han MC, Determination of the protecting periods of
frost damage at early age in cold weather concreting, Journal
of Korea Concrete Institute. 2000 Jun;12(3):47-55.

2. Hong KN, Jung JY, Han SH, Material properties of grout using
alumina cement and anhydrite, Journal of the Korean Society
of Safety, 2011 Oct;26(5):59—64,

3. Min TB Mun YB, Kim HC, Choi HK, Kim JY, Tee HS, A fundamental
experiment on preventing frost damage at early age of mortar
in low temperature using reduction slag, Journal of the Korea
Institute of Building Construction, 2016 Feb;16(1):1-7.

4. Onder Kirca, Temperature effect on calcium aluminate cement
based composite binders[doctor's thesis]. [Ankara (Turkey)]:
Middle East Technical University; 2006 July, 209 p.

5. Jung JY, Min KH, Lee DK, Choi HS, A study of characteristics
change of low—shrinkage normal strength concrete according
to mixing factors and curing temperature, Journal of the Korea
Academia Industrial cooperation Society. 2016 July;17(7):342—7.

6. Cho HW, Kang ST, Shin HS, Lee JH, Fundamental properties
of magnesia—prosphate composite considering mix conditions
and curing temperature, Journal of the Korea Institute for
Structural Maintenance and Inspection, 2012 Nov;16(6):163—70,

427



