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< SUMMARY >

The main purpose of this research is to develop a curing-free concrete
made with CA-type cement under temperature 20 degrees below zero, which
will be free from the needs of further heating or curing techniques for
cement hydration to achieve given material performances.
O Development of a self-heating cement material and concrete
- Performance evaluation of a self-heating concrete with CA-type cement
- Assesment of hardening process for self-heating concrete under
outdoor temperature
- study on the effect of temperature distributions in concrete on
crack properties

Purpose & - Determination of optimized mix design for concrete submitted to
Contents L . .
extreme low temperature condition and evaluation of the properties
O Development of a self-heating concrete for suppressing crack
evolution in extreme low temperature condition
- Evaluation of a silicate-type admixture for inhibiting conversion
- Performance evaluation of silicate-type admixture for promoting
hydration
- Assessing hardening process for a self-heating concrete for
reducing crack in outdoor temperature
- Determination of mix design for a self-heating concrete for
suppressing crack exposed to extreme low temperature
Resu | ts O Development of self-heating and curing-free concrete optimized for
extreme low temperature
O Application plan
- Responding the need of development of concrete structure submitted
to extreme low temperature condition
- Responding to the need of domestic construction against extreme
weather conditions
- Plan to support the need of global markets to implement construction
at extreme environments
Expected - Plan to enhance the construction techniques for extreme environemnts
Contributio toward wor ld-class
n - Plan to enroll the technology patent for applying in-situ
construction and commercialization.
O Expectation
- Advanced technology, short-cut of construction period
- Ensuring competitive price, enhanced economic benefit, reduction
in production cost
- Enhancing serviceability, Experts of radiation, Opportunity for
advancing carrier in foreign country
Keywords Extreme cold Self-heating Crack-free Concrete Non-cur ing

region
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=ele| AF, I A CIEX| L2 A™YOZE -5 ~ 0T 2E=ZHoA StHEEZIEER
SHM 2 E2 ekt ol o1yl FE O|F L Ao AIZSE MME HA| ZTEME
2 ZEEALEe =3z FotE. FHZ 50 2E A|HESp AEHE AFI ED
12l 27| Heebolnd, clgt MAtE @A2|Eo] TPxE MY (H, £ P AR
AlA[St] Zdde| ATt MWl = }lcts Sd0| U=
A= ol&
Bonding properties between reinforcement and concrete at L H
i, H.J.
cryogenic temperatures
A comparative study on the performance of limestone -
. o Felekoglu, B.
Lo | blended cement mortars exposed to cold curing conditions
Effects of cold regions climate on the tensile strengths of
, , _ Dutta, P.K.
aged composite reinforcing bars
Sprayed concrete on frozen ground Eddie, C.
Evaluation of effect of chemical admixtures on the W J
. . . ang, J.
performance of cement—stabilized materials in cold weather
_ Evaluation of fresh properties of Self-Consolidating concrete ,
£75] . . Francais
under long transportation time and extreme temperature
Curable hydraulic binder—-based cement material intended to ,
Ghafoori, N.

be used at low temperatures
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K

M3 ATHFYNE L N

rot

P etdolAel Ap7|ed AMEA Mz F 232 E e

3.1.1 CAAIZ AMEA mMZo| A7|Hd Hs5HTt

slg sslde 2 SRl el

A|HE (Portland cement; PC)2 &<

al

ato|st ZE2 LiEpHCE, LHMOoZ ALBE= ZEHM
alite (CasSi0s; C3S), belite (CasSiOs;; C.S), calcium aluminate phase (CasAl.0s; CsA) 2
calcium alumino-ferrite phase (CasAl-Fex0i0; C4AF) EZHE erFst U2n{, o & C3A
EHE B2 2o F3E S LSt (&F 3.1), =7| 2b3 (24424 O|Lh)ol[A] +=3tZ 2 CS<t

2 2HM Ak (Neville, 1995; Winter, 2009) .

&
pd
1o
oo
o
2
o
2
2|_.
o
o
rir
N
|0

3.1 28H BF & +3E (Neville, 1995)

Heat of hydration

Clinker

J/g cal/g

CsS 502 120

CoS 260 62

CsA 867 207

C4AF 419 100
ZEWE AHER= 22| AZ2o|Lt A|HE (Calcium aluminate cement; CAC)2el A< PC2
SEH =M1} 22| SFof w2l CA, CAy, CiAs, CAS 2EEHZE FMEO] JC (F 3.2). 0] &
CA 28 7He| dS CAC BF2F 2Hzglo] 388z oREo Uend, fFERES Fsid¥s
EEstn gk £S5, CpAll 2 =l HE3AMo| ol 7| EFS Yo 2 J|HE st=

AHoz 22X Jct (Lea and Hewlett, 2003).

35t stFolAM e ASH 2 Hs2 FESH| M AlgEe AMMEE =7 AISEA F
Z32|E ¥ oF 5 2Lt L% o2 AFSict Al =7 EHE 22 Qs
ZIE[Eel SZ0| o|FHXH & % 3 Xod, Eotdst Zrdws 3 ZIEE 4o
otdsts o|E = Ut HE2=2 o[zt msiE X5t M= gste 2EolAME
crM Aol wdg RX|sts Ao AHE ZZH =ME Tfesio] AP7|HE A|HEMZEE
Neste A2 =7 sl msiE zastetnt SAlo &7 ZAFAe ZIAZE FxE9
otg M =tHol|l 2 7|{E & F AUCt

AV BXE M5t J0 ApT|EE AHEA MZE 3579 SstME 2Mg2 s X
HAEAM (X-ray fluorescence; XRF)E AA|SHRCH 22x 2 HEZF2 #H “KS L 5106:2009
=71 T3k FXof eolst ZEUE AHES FELUL AIFHHYH” 2 “KS L 5201:2016 ZSHE
AHE” of 2o|7Hsto] HSEstR D, sl AntE #F 3.29 &t
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H 3.2 ALBE Mz 22 54 F FEd =M
Type | Type |1 Type |11
Cal 38.96 38.83 32.01
A1203 39.22 52.03 67.25
Si0, 4.34 5.02 0.11
Fes03 14.56 0.86 0.08
Oxides
(%) S03 0.18 0.09 0.01
Mg0 0.47 0.42 0.21
K20 0.20 0.68 0.01
Na0 0.06 0.17 0.28
MnO 0.22 0.03 0.02
Fineness (cm?/g) 4,380 5,150 4,800
Density 3.24 3.03 2.92
O|F AHIE Uf Z2EH =ME umstr| s XM sE&24A (X-ray diffraction; XRD) 2
2| EHER (Rietveld method) Ol 8%t d¥EAMZS TAMSIICE. XRDB2 =X Z+ 5-55° FH =H
Hel 0.4 /2o =Ho=Z AAISICEH SXME XRD 2| m{E S HIHCOZ Z|EHERMS 0o|Z¢6t
HEZAM S AASHCH ZIEHEHR2 iy AIHE of Z2ZHe A™YFE™E (Crystall
structure data)& &85t O|EMoz AMast SHmED nEZE (XRD AMgZI)s
ZHAXSHE ol8st FHARME Soll LAIE DI He @E Fote AR ZF 2FH9
S Moz Apte £ ot Atk Al2E ZAYTE™ME= ICSD ¥ ICDDEFEH
FSstRend, Aol Etgdd =HEE 9o el HY=x=0l 1 atm, 273-295 Kol zZdet
MEASIICH (E 3.3). EESH oY SHH2 ALSXte| =E o w2t Zxt ol Aole 4= ALt
Refinement &l2[d X|EE S A30| 7tsstHd, siY XE= 4 3.12 Sl AL,
sietntd e ch2nb 2ok

tedo| Act. vilH g2 Y =
| , olofl st @Xt= e P

Aol HMzb 2AM Zfo| /A= IE (Overestimation/Underestimation)
| N

I 3 (Crystal Impact) 2 Profex (Nicola Dobelin) ZZ 1%

XRD BlFeo| I EAMollM FaEst wiF glel F&E2 URE mEoAMe xol=E
F ini

o =
ZASIANF|= DHMOoR sE HEAM ZHD}

—

X

lo

mo M
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I# 3.3 1CSD ¥ ICDDEFE F&= XRD 7| &

X2 (Guirado and Gali,

2006; Salvador,

Clinker MM PO ooy COD"™
(° of 26)

AN - 97180 01-072-7280
Ciohr 18.14 62040  01-087-0970
CooodsSs  31.02 26353 07-074-0695
CoAS 31.4 82706 01-078-0910
CoFT 33.28 203100  01-084-2068
CoAF 33.7 9197 01-071-0667
CA 30.1 260 01-078-0134
CAs 25 5 16191 01-072-0767
oT 33.36 31865  01-075-2100
F 35. 41 64509  01-072-2303
fF - 20596 01-077-2355
B-C,S 32.2 963 01-078-0388

2006)

* Derived from ICDD data
** |norganic crystal structure database
% |nternational center for diffraction data

MATCH! 3

1) Profex T2 1Mo =2 HE
2) Flexibility =HZf M
3) Fullprof HiZd =M o=z HHst 4l ME

Step 2. 2|E H (Rietveld refinement) AA|
2 EHEHS 0|Zst XRD & MHEAM2 = SFH L 3= AME XRD A

ojEel gtel g2 sy dode| b= gyl H|wsto] 2 AAHE JHE mibX| @l HolE{e
A™¥FE=HEE =™st, olmel szlgtE =MH|E AHiltst= gholct. o] ghHe| ™
EZSIE| X LUX|2H 2 AFRXSO| od ;M AlZbsot HBEAct HBSIE G
2 EHERHS HjZd FZoAM A= T2 0| 235t0 Ct=21np Zto| AlA|StCE, ofumf Al At
zre| o|M FBE wWX|sH7| sl =™ B4 (Scale factor % Unit Cell parameter)2|
HRAE =7] @2l 1% ojgt, =™ sl 33 o|gte 2 M shetct

MATCH!3

1) XRD 2 & &= gt =

2) Hid gt =

3) 28H & 52 2 =

_14_



4) 7|= steHE (Internal standard, Ti0;) AH
5) 28AH ¥ 7|&E =2 28+ x=dE =3
-1) Scale factor =%
-2) Cell parameter =%
6) TetEe| A FxHE =¥

Scale factor =X
Cell parameter =H

7) 2t ateteol =¥E 2YTF=HE ME

Profex

1) =YE Z2HFT=YE2| Profex ZUS 2 Bisl
2) 2A & Fat= dE 244

3) 7I& =tetE ¥ oY & MAA (Ti0,, 5%)
4) Profile B AH

5) EIEHIER AlA|

21t gfel M= ofzf Ao LtEFE X[ (Agreement index)E Sl &eleh =
m, GOF g0l 1.0 7725 AlMteEl A2t Mlgdetsicty o 5 oo, Cfet sistE2

O|F0{Zl M2ty =, AHES] Z2 1.5 F29 gt ®72[0|stct,

(P

3

R
GOF=—" = A (2] 3.1)
Rexp ( (N_P) )
sz<yz, obs>2
A7|M, wE THER| <y1 ), g iRIEOIMe BE ZE o, = (X|EHO|A S HAF ZE
i, 0bs ' '

N2 XIFel =, P M&8& H#2l =o|ct. ct2 I8 3.12 ZIEHEHES Oo|ET XRD
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Intensity {courts)

12060

IEEH

800

Intensity (counts)

400

200

Measured
HED curve

45 55

Degree (26)

{2} Measurement of XFED curve

1200

1000 -

300 1

Intensily (counts)

Backzround

35

23

=
h
(=]
a
=]

Diegrae (26)

(b) Generation of background

1200 12060 T
i L AN :0.60%
1000 § L Caleulated CFT -1.13%
F © 1000 T  XRDewrvs CA :51.10%
200 s r - 'C._:L: 1 46.71%
T E . F :0.51%
L 3 1 & R,  :2018%
£ T g - R.. :13.70%
CEETET < 6007 GOF :147
200 + Ff B i
LT i Z 400 ¢
E Pt = '-: “-I- i.{a " i e J..l.l..\..l.l- = o
E‘:-‘-:_;‘I—I_: : I|.._-+|—|-.|__|_l_l_l_l_ :I}I} _:
= _I I_: T 111 I. ._-i- oy B
et ——i :
k. [
-ITTI"E i |-|I-"..|...|.JII.||JL=I||J, D
5 15 25 3 45 3B K 3 15 235 35 43 33 i)
Diapraa (26) 26)
(c) Refinement of each phase (d} Calculation of XED curve
< O8 3.1 ZIEYHEHZ o|Ze A|HE f SEHH =42 XRD MHEA oA >
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ChS ¥ 3.4 AP|2d AHE ZR/O EEP% 23H =49 ZIEHEHZ o|&8t XRD
HEEM ZuE LIERH Zdo|ct, ofatst HER} Zo| S&XM2Z CA 2 FHIF ZetEof A2nq,
AHE SFHE 2- 22 Type | 47.5%, Type |l 70.3% & Type Il 51.1%FCl. ESH =2
Z7| HhSME XH CA; 2EFHS ZE2, Type 12 110 &REN U= HE & 5= UCEH Type
112 A CAS S-AHIIE <F 20% 71 EAMst= AW &2eler = A=, ol= Eute| B30
2 x| st 2 2 dEos dEs VXX 22 Ao Z o AEUCE (Gosellin, 2009)
OREZEXI 2 Type |11 W CA2 23 H AAl =7 Bh3M0| ofj @ ZooZ x7| drd2kul of 2o
AS A2 EohE[RACEH,

¥ 3.4 2|EHEY S 0|28t XRD HEFEAMof = X A|HES ZE7H =AM (%)
Type | Type 11 Type |11
AM 1.1£0.2 1.7x0.1 0.6+0.1
Cioh; 9.7+0.6 2.210.5 -
CaoAoeM3Ss - 0.2+01 -
CoAS 6.7+0.4 19.5+0.6 -
CsFT 1.9+0.4 0.6+0.3 1.1£0.1
C4AF 11.0+£0.6 - -
Clinker
CA 47 .5+0.6 70.3x0.7 51.1%£0.4
CA, - - 46.7+0.4
CT 7.0£0.5 3.2+0.3 -
F 1.3+£0.3 - 0.5+0.1
fF 2.3+0.1 - -
B -C.S 11.5%£0.6 2.5+0.5 -
Agreement index GOF 1.22 1.33 1.47

2 Ad ZuE S Fst BEoM AL JtsE APZ|2HE AMHE 35Re E¥H =MS
2 dItsict. CACel d9 FstEtg HEJF wE =, H340| =2 CAAY A=
O|FO{MRUL, o|lz2 ¢olgt &HZ AHst 0O|ste] 2REToA EHEel =24 glol oty Aol
eSS & £ UL, ESH #HE =TT 2Hee| MAZS 0|&8stod AHAER SHAHAIZIE
g = AS A2z oAM= Y MEE ALSSHHCE cfgb 2 22 MME
=°tH st 3= Mt (Conversion)Z2 olst A, ZEXst 52 g5 2 =+
ooz olof thst WIoF MAES| o|F0{Xof & ZHo=z mcix|ct

_17_



M

Lt D|AEAE S35 2akE S

08

7t

Am

CAAY RpP|Ud AMES =3ut3ds =elsty| <6 I8 3.2 LERH Zdnp Zo|
o|2&=StAA (Three-point Multi-Purpose Conduction Calorimeter, Tokyo-Riko Co., Ltd.)E
235t0 F3tPE S ZMSIRUCE. LUH o=z CACE AM8sts EF, E-AlHEH|e| Bt +H
Ciel=std 2ol BIHE ob7|Stct. Gosellin et al. (2010)e AMEZnfo| w=H, S-A|HEH[J}
S7t5 M 1 m3™ = M 2 mIEoIMe| TH{FSIEEE dHXott 24412 T|E &
Che|atd 2 Moz SIteictn Esict skX|gh CACel HHEMAAHIAM =-AlHIES
E7t= FEPI|ZE Sob AHstE olet A Xstel JEM LS HXEER =2 =-AIHEH|9
At2e TsHokstok (Neville, 1995; The Concrete Society, 1995; Lea and Hewlett, 2003).

2, 2 AMEoAel E-AHEH|s UIHHS F25| LD SAlof Awste] dEks

Z|A5HAF|7] 25 “BS EN 14647:2005 Calcium aluminate cement - composition, specifications

and conformity criteria” o w2} S-A|HEH|E 0.42 H7Xst0] 2 10 go| AHEZ AHS

st ZH|e| SHAZ 0Tl 2E=ZollM 72A1ZF SoF EH5I¥on], 2-H =Mof| w2
=

ChelHES &elsty| 9ot Aol22 9 =2 Etdet A2 2 Het=gict

< I8 3.2 3™4 o|apetATA >

A Glol M 1 mIMo| MMEE AHES
Aoz ARECEH o] 7[ZF ot A E-¥HE ¥ &
W i olz2el sxIt zdix2 ZEect ol o2
Critical or thresh concentration level) e 2F/&5% 2tZol w2} CAHy,
CAHs ¥ CsAHs & CHet 3l=2 MAsSHH =t (Rodger and Double, 1984; Barret et al.,
1974a; Barret et al., 1974 b). m2iM, X|EZH0l $5tE WMo =2 2laf 272 ot s
O|FHAM H 2 mIF™ol Y5 MK RE718 gMsHAH =t olgfst RE7l= AIHE G
237 Mo w2} Aolet A2 LIEHGCEH CtEel CA 2HE 7ot AUe Type 119 H=2
TEI|e] A2 ofAltst ZTo|X|gh o[t HIHE Type |2 X2 2| C b
M 2 T 3AE7X| ==shk= AlZHo] ZHE B2 W2 ¢ = JJUCE ol =7 HSHo| e =
o =

CioA2 &RSHE U7 mZEel Rz Bt ATt Type 1112 B9 CA 2 HE 50% ol &

287 =dol e AU|eP A[HES| Alziof| wE cHeletdEdS LHEHH
= E
— —_—

D
p
fuju
om
N
1o
0K OF
12 dn
4> m R
~ 1o

—~ o 0
ro
fo
m
i
00
12

2

. o

o

=
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k-

b o
(@)
F
my 3o

o
10 Hu o0 ~ rr do
0x

A )
A, EFHIE 2 EX S SEoAM CA, EHAH= LT Y o|&e| CA
= Cl H |
=

sl LIERHX| 2fenf, ESH CA 27 Al HHE0| XH=ls &S LIEMACD Sict
O|2 ¢lslf slie AHERZ ZIZIE TFx= MZ Al =7| $3pdol WEE st £7| S WX
Sl olgg H7| &l AR HEt=(drct
0.03 0.03
I 0.005 I 0.005 —
3 I 0.004 + 5 I 0.004
= =
T 002 - T 002 -
2 3
B g
S 001 - 001 -
0.00 0.00 . ——
0 0 24 48 72
Time (hrs)
(b) Type 11
0.03
i 0.005
& i 0.004
S I 0.003
=0T '
g i 0.002
z
- I 0.001
= | ;
% 0ol 4+ 0000 I S R T b
e - 0 1 2
2
0.00
72
Time (hrs)
(c) Type |11

< 8 3.3 CAAIE AP|gd A[HMES| AlZhol| wE CHepotEdE >
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O 3.4 =ofel HEE olF 72 A7t Ioke| =X che{estdEs HEM D AUck SHE
TEAIZE Sot A|HIE ZF2 aAglo] 25 300 J/g=2 =6, s & 3.501 LIEHIZO|
24M|Z2tSote| =& ChelEtAZo M Type 119 ATk 300 J/goll === AE & 5 AUCt
o A ZotE Soff CA AlY SHFel =7| UE4o| =of cte| dg YEske Ae & +
UAL, O|= A7 |eE A|HEZM| &0| Metst A2 HHetE|YCt

400
B 300 -
< I
= 200 !
e i / Type I
B 100 + f ; e
i g | e Type I
N R Type II
D ‘T__T--T I i i i I i i i
0 24 43 72

Time (hts)

< T8 3.4 CAAIY Ap7|Ld AMES| AlZbol| wE +H ChelptdE >

I 3.5 CAAY AP A[HIES| 24A| 2k =X chel3td 2 (J/g)

Type 1 Type 11 Type 1II

A Gerstd 289.17 305.98 40.02
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=
Ik
0ot
Q
Rl
=
i
Ofm
_c1>£
T
Q
0x
or
El_
d

= ATFolMel =T = =, -20C2| oMl AHE ity o 2z LedE 26l
Ap|ed AMIESl obgXeol w2 HpHMoloh J|E HSEIZES 49 E2 2d A
RN & ZAEIE of2o FHel 24S0| T EULD ol AL, FUHEHIE S
M oldE ANotAZle ez ZESIFCt. ol =zt HISSId A[HE XHHez E3
wiste MEE TR 2M 7|5 BHAE S55t2AL SiRlct

CAAIE Xp7|eted AHE ZSFHYE 2HAMEsE HIE Qe -20C =X Moo Als &S
Hed5t7] I8 15x15%x60 cm =A HFEE 0|E510{ HO|AE A|lHEZ HZESIQCH HigtdAH =
o|Aaldziy Asn S5 S-A|HEH| 0.42 MASI%ion], EHE SAE 9 = x|™ 7+
(@] =]

=1 S|
SAU™| LM (Thermo-couple, K-type)E OHEISI0] 24A|ZF FZote| dd Msg =2HIsI}UCt.

H —
fEek AH 37| of wE AlH o 2EE HEE dHluw, M5 e &= ZZ0A 10Xx10X40
cm =X HEES 0|50 HO|AE AlHS MZtsto] st AdS FASIRUCH
O8 3.5= -20C EH0AM X7 A[HE HO[AE uf 3 X[HollMel AlZb mE 2%
HetE LIEHH Zd0[ct Type | 3 I A|HIES] A, f|X[ofl &AHglol AlZto| X|EHo| w2} AlH
L 2=+ 100Col|l =5t olmf, SAFoMe =DM™7IX| =27 7EX|e] AlZH2 Type 12|
A 355, Type |l= 252820 A= gct. =£8H CA 227 ol =2 Type 119 B
SMFOMEE A|ZE 2Hdo| FHEZ TEshH= AlZEe] X7t o M2 HWs & = AJg=d,
Ol &offl 2ol Wzt MM=l= 32 S/IF CfE CAAE AIHEOA 2(xE E= Z0|E
TstE x=AMOo| ct2X| 21 ol wE WE 4o ol X222 7FEY = Uch vHH | Type
[ AHES A9 SUst 2% oA WFE 2xo JJt glo] MMz HIe A2
slolgt 4 UYEC] ole nlhssidEl AEAIS SUS Fue ¥ & AYch XL
BHOIM AIBIE W CA, S-Sl ERE CA 2Y7IS S5t HXS Yslslol B2 wH H5S
stESt=0 Mok (22 A= Sy Xt
125 123
[ — Burface r

£ [ 'y B

¢ 1001 T Middle 100 ¢

e [ by E

E E i ——— Cernter E B

=75 - ] B I

B i = r

Bh [ E [

S 50 > 50+

- -

g ut 2 uq

S0 A gyl

_lj ||||=||||=||||=||||=|||| __i -||||=||||=||||=||||=||||
1] 300 600 900 1200 1300 0 300 G600 Q00 1200 1300
Time (min.) Time (min.)
(a) Type | (b) Type 11
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00 1200 1300
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3.1.2 Z32|E W8 20| =2 #d EMEI}

7t dol8d 2k 2x

08

7t

A CAAE Ap7|Ld AHEEZ Alget Z232|E AlE W 2% ol ZxE =lsP| ?ls
HO|AE edds dotet sdet =ZolM o8 2=& SEsIct. a8 3.7z Zol & 1874
ol SHHE oHRISkR 2 of m, A= AlE2l 1/4 FHoft &2 5t 2 Ho[HEAE
Soff &EE 2T Ho|EE 0[85t0 LHHX| A2 el TS 71 Sloll iEH 3%
H7HHE MESI0| st £et, ZAE ofE & ofEE SXoiel o|EE2 WX il

4 Me dfiste] dekg F2sA[7]7]

F4 AEZ o|3s5t0d oY fx[ol nAsSIUCE = A
?Ial “BS EN 14647:2005 Calcium aluminate cement - composition, specifications and
conformity criteria” olM HMA|E AHE =2 o2 400 kg 2 = S-AHEH| 0.48
UESITE ey MAS AYSIYCH (E 3.6). eiY X EM AT He Muold LM

HAISIR SN 2442 Sote| 25 Ho|8E &E St

[l B

TC-6 TC-121 TC-18

TC-3 / TC0 / TC-15
TC-5 TC-11 TC-17
{Center point)
TC-2 TC-8 TC-14
TC-4 TC-10 TC-16
TC-1 TC-7 TC-13

&D{m TC: Thermo-Couple

< O8 3.7 Z32E Y dAdNs

o8l

7t

N>
nar
H
1=
Fn
Vv
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Z232|E 1 0.4 1.5 2.5

* 400 kg/m® O|AF Ab2 ZHZF (BS EN 14647: 2005)
*x Z-A|HEH| 0.4 0|5} A2 JZ (BS EN 14647: 2005)

O 3.72 -20C &tdollMel AlZho 2 CAAIY XU AHE ZRHE ZIZE AH U
250|z#g LiEpH T =o|ct. Type |11 A|HEESE HMelstn 232|E W 2= Zolo|l &tAglo] o<
Doz AMSSICE M AZEH dHiel Zo| CA, EYHE RSIZ U= Type 111 A|HE
Z32|Eol HS CA 279 ESo| XA=HO R ME50| gl He=zZ HCHEICE H2HH ) Type |
Z2I2E U ZAEFEel AR 1808 o|lF MR 2TJ} ASE5Ie] 46022 Zof 2zl 22.05Tol
TESIYich OeLt EHEe ZAR 27 =2xo dEoz 2ls| 2402 o|lF HIHMoz FIIEH|
Azt end, z[Cf 13.05C7HX] 2=t 2SSHUCE. Type || ZAEE ESE Type | E2IAE[EL} H[ xS
A2 B =0, 1408 ol 27t 25510 ERM o|F 380&0| X|b = =0l 22.25Co| £EE
T o|F AE HAsHct. kX, Zlolo w2 2% AS A|EO0| Type | 232 EL} &2| IA Xto|7t
LIX| gb= WS =eled £ AUAcE olE &sll FoZ M2 oM Type |, I A|/HEE ALSEH
ZA2E W UL HHMo=Z O|F0 X[, siiE AHE= Matet M 2=2 EEHECEH

HO|AE W ds A OIEDIXZ Al F7|o e 2 o552 Ay gItE fldf s
ZZo| A 10X10X40 cm AlHEZ MZ[Sto Alztof g 25 HetE 5HESIQUct. O8 3.90A &

F o i 2x2| €t2 15X15X60
cm 7|9l Z2F2IE A[HO| 2 0.5C 7t =2 HEo| 248 X0|E Eo{FUch

-

T AUAX0| 2 s A FM 22 £E AIEE2 2 X0[7

Temperature at a given point {°C)

[ —TCc1 ——TC2 --—-TC3 g
i TG4 TC-3 TC-6
10+ TC:-7 TC-8 TC9
| ——TC10 TC-11 ———-TC-12
[| ——TC13 ————TC-14 ———-TC-13
| —TC16 e TC-17 ———-TC-18
B e e e
0 300 600 900 1200 1500
Time (min)
(a) Type |

_24_



Temperature al a given point{"C)
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ZRMEOf AKX EX[2H LiS0, HIHEO| 1.0%E Zzofste 49 Hixr A% HIZ Z0HE|=
=48t30| dojtts AdE el = AAUC w2tM, 2 AFolM2l Liso4e| HIIHHLIE
Z|th 0.5%2 MHSICE

xZ ==
CG20 290 390
CG40 380 501
CG60 317 399
CLO.1 243 321
CLO.3 234 310
CLO.5 188 239
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oHA =S 232|E W 2% 0|3 H|o|HE o|8¢ct &Y 7|8t 3kt E7hHE MIst¥ 1,
Zt =0l ttH (x= :30cm, yE : 7.5¢cm, z£E 1 7.5cmS 7|FC2 YR 2 2XE EHIIY
Cl. 2 BEXT= UMM 2HHoZ zHMeI%ien], 2ERZToA{e] S1M (Contour)= HIO|
El27 MZTol tF -20 - +30C2 MHsSlo] 2EHeE 24A Eeld = JUES sIQct I8

3.382 3xbY E2ZHHo| ofAlojo, ALEE SR ZE= S ZCt

3Rt HEZHH Matlab Code

A
% M 2 e M

filename = 'S& 4f.xIsx';

0

Data=xIsread(filename, Sheet #, 'SHEZ
[X,Y,Z] = meshgrid(XZ BHe, Y5 BH¥

V=zeros(size(X));

=t HlolEf &:d');
|, Z [);

=E]
=

A
Ho

Temp=Data(time,:);

T— _ _ _ _ _ _ _ _ _ -
%1 5

V(1,1,7)=Temp(1),; V(1,end, 1)=Temp(1); V(1,2,1)=Temp(7); V(1,4,1)=Temp(7); V(1,3,7)=Temp(13);

V2, 1,1)=Temp(4); V(2 end, 1)=Temp(4); V(2,2 1)=Temp(10); V(2,4,1)=Temp(10); V(2,3,1)=Temp(16),
V(3 1,7)=Temp(7); V(3 end, 1)=Temp(1); V(3,2 1)=Temp(7); V(3,4,1)=Temp(7); V(3,3 1)=Temp(13).

%2 =

V(1,1,2)=Temp(2), V(1,end 2)=Temp(2), V(1,2,2)=Temp(8), V(1,4 2)=Temp(8); V(1,3 2)=Temp(14);
Ve 1,2)=Temp(5), V(2 end 2)=Temp(5), V(22 2)=Temp(11), V(2 4,2)=Temp(11), V(2,63 2)=Temp(17),
V(3 1,2)=Temp(2), V(3 end 2)=Temp(2), V(3,2 2)=Temp(8), V(3,4,2)=Temp(8); V(3,3 2)=Temp(14);

%3 =

V(1,1,3)=Temp(3), V(1,end, 3)=Temp(3), V(1,2,3)=Temp(9), V(1,4,3)=Temp(9),; V(1,3 3)=Temp(15);
Ve 1,3)=Temp(6), V(2 end, 3)=Temp(6), V(2,2 3)=Temp(12), V(2 4,3)=Temp(12), V(2,3 3)=Temp(18),
V(3,1,3)=Temp(3); V(3,end, 3)=Temp(3), V(3,2 3)=Temp(9), V(3,4,3)=Temp(9),; V(3,3 3)=Temp(15),

%____ — — — — — — — — — J—
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% 3xtE H2Zh

[Xa,Ya,Zq] = meshgrid(X% Hel, Y& ©el, 7

=Tl

Vg = interp3(X, Y, Z, V, Xa, Ya, Za);

figure, slice(Xq, Ya, Zq, Vg, X= Aoty

= =404

colorbar; caxis([-20 100]); colormap(jet);
t

Hi

e
title(['interpolated data at ' num2str(time)

origin data at 300 minutes

< 1% 3.38 3xHH EHZHH

He);
MorH | 75
"'minutes']);

~
=

He);

interpolated data at 300 minutes
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Type 1

interpolated data at 120 minutes. interpolated data at 180 minutes

interpolated data at 60 minutes

0

10

180+

120

interpolated data at 300 minutes interpolated data at 360 minutes

interpolated data at 240 minutes

360+

300+

2403

interpolated data at 720 minutes

interpolated data at 600 minutes

30

interpolated data at 480 minutes

720+

6002

480+t

interpolated data at 1080 minutes

interpolated data at 960 minutes.

interpolated data at 840 minutes

0

AN
|
\BNNS 7y L
0 i
\ ey

10

1080+

960+

8403

interpolated data at 1440 minutes

interpolated data at 1260 minutes

g

20

1440+

1260+
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Type 1I

interpolated data at 120 minutes. interpolated data at 180 minutes

interpolated data at 60 minutes

b

Y ()

40

[ Mﬁ.!!!‘iliiii &
!l!@ﬁlil« ‘!lll
!diii!!’ N777

180+

120

interpolated data at 300 minutes interpolated data at 360 minutes

interpolated data at 240 minutes

360+

300+

2403

interpolated data at 720 minutes

15
10

0 o

interpolated data at 600 minutes

interpolated data at 480 minutes

720+

6002

480+t

interpolated data at 960 minutes. interpolated data at 1080 minutes

interpolated data at 840 minutes

]

1080+

960+

8403

interpolated data at 1440 minutes

interpolated data at 1260 minutes

g

20

1440+

1260+
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Type II (100x100>%400 mm)

8 & 8 © 2 o o ©w T %
8
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g OO

W AA

interpolated data at 120 minutes.

interpolated data at 60 minutes
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5
0
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AN
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180+

120

interpolated data at 300 minutes interpolated data at 360 minutes
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360+

300+

2403

interpolated data at 720 minutes

0 o

15
10

interpolated data at 600 minutes

interpolated data at 480 minutes

720+

6002

480+t

1080+

interpolated data at 1080 minutes

30

2%

20
5
0
5
10
15
20

8

960+

interpolated data at 960 minutes.
interpolated data at 1440 minutes

34

interpolated data at 840 minutes
interpolated data at 1260 minutes
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Type III

interpolated data at 120 minutes interpolated data at 180 minutes

interpolated data at 60 minutes

180

120+

60+

interpolated data at 300 minutes interpolated data at 360 minutes

interpolated data at 240 minutes

360+

300+

2403

30
2
20
15
10

interpolated data at 720 minutes.

30
2
20

interpolated data at 600 minutes

interpolated data at 480 minutes

20

10
-15
20

30
2
20
15
10
5
10
-15
20

7204

600+

480+t

0
5
0
5
10

interpolated data at 1080 minutes

10

9

15

15

20

20

interpolated data at 960 minutes

20

2
0
5
0
5

-10

interpolated data at 840 minutes

60

15

20

1080+

960+

840

interpolated data at 1440 minutes

interpolated data at 1260 minutes

1440+

1260+
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interpolated data at 180 minutes
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interpolated data at 180 minutes
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interpolated data at 120 minutes
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CLO.1

interpolated data at 180 minutes
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CLO.3
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CLO.5
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o] $4 A E FHiu 2% =Y AFES AWIE Typed 181
Auk AlA =7](150%x150%600 mm)ellAl Type I, 11, 111
oA st o, FAL 439, 414, 501%A HAEA ).
Type 119] &4 Agte] 71 & 0w o= Type Il A|¥o] 3 GAAA TAF- =71 7H
of =ddle Aol 384wo R M wE Ao 7]dd Al How FAuETh

Type 19] A% 3} 257 7P & 25 EE3te Aol 4600w 12213 ¢F 400+
<& W37l 7P wwgk Type III Al#o] 7HE Al &4A<]
A S A7) 98 100x<100<400 mme] AlHol thafA =

Ag AYS Asilon 2 Ay A A7 Folmel wet 249 F4 BE TR AL
ATl FHAaske S sl ¥R Ha 2o meshs A 100x100%<400
=3 | A3 Alge] 5 2ak 19 v AE AdE Ad

O

o , Time at maximum
Initial set Final set

temperature
(min) (min) b .

(min)
Type | 381 439 460
Self-heating  Type || 332 414 384
Type |11 439 501 N/A
100 315 407 389

Size effect
150 332 414 384
G20 290 390 383

Silicates
CG40 380 501 460

replacement
CG6e0 317 399 377
CLO.1 243 321 253

Lithium
CLO.3 234 310 220
sulfate

CLO.5 188 239 184
Crack-free CGL 215 295 218
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Alumina cement for use in concrete
1. $IxlE 2 M= gt

UZo|Lt A|HEE AsizZtsol A=zl M3|Mnt AMsldZolgo AxjEel EIAOIEES
1450-1550 C2| ZI=20lM 828 = st 5§ o|2Mst= 22 - sst™ A sE 7|22 &E51
M=% Zolct. ZFo| w2} HEHAHS 4,000-5,500 cn’/glZ MAlEod, BEZEM

S|
A EQt H|WSI0 =2 LatdFolg &

o
4

o]

i

2. g8 EN
Yetdoz Uzo|

L A[HIES] FQ =tst dZ2¢l MatdFols (Al05)2f ol w2t & 4
2

E A1 LF0|L AHES] Bh3t x4y

Oxide composition (%)

Grade
Al503 Ca0 Si0s Fe0+Fe,03 Ti0s MgO0 Na,0 K50
Low alumina 36-42  36-42 3-8 12-20 <2 ~ 1 ~ 0.1 ~ 0.15
Low alumina,
. 48-60 36-42 3-8 1-3 <2 ~0.1 ~0.1 ~ 0.05
[ow iron

?

Medium alumina 65-75 25-35 < 0.5 <0.5 < 0.05 0.1 <0.3 ~0.05

1§

0.05

N

High alumina > 80 <20 <0.2 <0.5 < 0.05 0.1 <0.2

p

ZFHo| Hetx|o,

LF0[Lt AHME= ot YFolg 2ol wet LdFo[Lp A|MES| 5t
=

etz A Fa AS0| =HERXch wEiM AME M E

SR AEE T 2 HAMES ME EMo| w2t Most MES ALY Ae AFsCh
St EBfM Ao eFxd(wasd, 82 XH F FX F)2 HFEAF|I7] {5t =E
23HE HItstod ALE & 5 Ut

3. & 54

YFo|Lt A|HES 3 2 ZE wWHEH2 oz /el CA AlE F3=(CA, CiA7, CAS, CA
S)0| S = #o{stol AMECE 07[AM, 3tE2 FHd2 I oz Jeks ghx|gh
LUF0|Lt A|HIESl S Z4Mdof| 2 a2 Y] 2o LFo|L A/HE S/l w2 3=
zdo| EHeirlch stx|gh, dRojut A|lHES] JBFol w2t 3 EMo Xtolz= UL
J2MeR e 4 3 st S HolEch uhel A M20lM LM FAR 4-6A12F
o[Lifol S&o| &tz =0, 282 7|&F 40-50 MPa2| Z=E wHHsiCt. o of, M2 2tZHol|lAL
7| ZEUdEES sl CA SAHI ZEEO UX| L2 Al0; & 60% O|stel A[HIES
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5 ZFEES] EL (8A(8Ca0 - Al.0:)E SETER ZHEH, Al0.E FA 2F diH 208 ol
astn ¢l7l oo Zibd FaAlof Heksln, pUER A3 AE252 £ 2IYEY J2EA F
e 4 u2d AHeEbrh 2HECE O 8 B ¥ B 2 R AZEES == AS HE2 XS EA
7t SEAE 2t AlF 2840l AstH £ BAEE AT 9T

4. el 4 2 54
O FN71£e] EARE dEs] 913 FAA 4 (FariEste] 2elH)
] 32 7] REL B AL 2ANA AT FAN A BT FAo] THeE. &7
=5

B EE £ FEFE AT 2HDT 3o 422 G2} R
$4 = Sufated B7HA9) 33 TTL B4 324G 43 APHE

E1=4E9 7448 92 4

24 (%) A E &z
Cal 38.83 47,18
Al203 52.03 13.13
5i02 5.02 29,70
Fe203 0.86 0.64
503 0.09 2.30
MeO 0,42 4155
K20 0.68 0.53
Na20 0.17 .22
MnO 0.03 0.29
[gnition loss 0.33 1.29
EZE (cm2/g) 5.150 2.420
HF (g/em3) 3.03 203
PAVIEE AHIE T ZESHRD




[2A41-2 2 vlud 19] =42]

T 2 ZAE A5Sd) o5 dgy
py st z24 (EF%)
S oo 1 (EE 1) A Ao 1 (BRI 2) AAd 2 (HE 3)
A7 E AHE 100 60 60
i ] - 40 40
i E # i 0.3
100 100 100 (+0.3)
[294 1. A7]2E £4 17}
¥ 3-20C 2% 20949 Z3dE 25 45 29
HH%]. E_l'_l'_ (oc)
= I A5 12ATZF 24T
Bluo 1 (BE 1) 12.4 13.7 13.3
Ao 1 (HIE 2) 9.4 1.2 4,96
Ao z (HIE 3) -2.8 -9.8 -4.1
[28d 2. A2 A3 0A 423 E 54 371
F4-20T 25 2704049 237 E 422 = 97 AE
Wy st =L (MPa)
14 3% 28d
oo 1 (HE 1) 15.8 21.8 37.4
Ao 1 (HIE 2) 12.5 14.5 20.7
Ao 2z (BIE 3) 19.8 23.0 33.4
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1. fib (International federation for structural concrete)
“Task Group 10.1 - Model Code 2020”
Model Code 20200iA1 Zrd =l MER wE TFAA XEAMe XMz zZH 39
&Adstol 2t =o| METHSTb Chtst stdolMel Z3AZE FxMA Al ook
Ateoll s EE= AAlst, 7[&ELQ A|HE 2| &Z7ts%h thA ol 25t 2|74 A

ot MAt= FHo{sto] = 7t FHof tiet 2edS ul=e.

F

ot

2. ACl Fall 2018 Convention

“Recent advances in alternative cements”
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Recent advances in alternative (non-portland) cements and concretes.

)

2) Chemical and mineralogical characterization of alternative cements

3) Mechanical properties and durability of concrete made with alternative cements

3) Case studies and applications of concretes made with alternative cements.
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