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Hydration Heat and Shrinkage of Concrete Using Hwangtoh Binder
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ABSTRACT In this paper, the applicability of Hwangtoh, as an alternative of cement paste, is investigated for the solution of
internal heat and shrinkage caused by the hydration of cement paste. Several small-sized specimens of Hwangtoh and ordinary
portland concrete (OPC) were compared as to compressive strength, heat of hydration, and shrinkage strain. Moreover, the applicability
to the construction structures was reviewed through the test of large-size specimens. The 28-day compressive strength of Hwangtoh
concrete (HBC), ranged 18 to 33 MPa, can reach that of OPC. Not only the maximun intemal temperature of HBC was read about
1/4 of OPC as it is cured, but also its shrinkage decreased more than the OPC did. Therefore, Hwangtoh binder is more
favorable than cement binder in terms of its hydration heat and shrinkage under the construction of concrete.
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Investigation (Hwangtoh strength mechanism)

Method of experment (materials, mix proportion)

Properties of Hwangtoh concrete (strength, slump, air)

Properties of small, large-size (hydration heat, shrinkage)

Conclusion

Fig. 1 Study flow
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Ao AL FEIZAYES] AuEES 3] 9
sk 238 A3t th. HBC (Hwangtoh binder concrete)2}
OPC (ordinary Portland cement & concrete)e] BT E=
thS-9] Table 13 2t} FEZATA (HB)S ©|83F HBC
= 823793 OPCS #2519tk HBCE W/B H3he}
HBZS WH3IAA old tigh A%, HEZ, 37|FS A4

Utk At 7k T AWES] Firel SHxd ] frAket HBC
Wgo s AT (Fig 2(a) b)F WEAH (Fig. 2(0),
(d) A28t F3td ¥ =5 S5t A8

32 A WY

i 71ZAQl OPCY] WiERAS 28 7= 24 MPad}
,ﬁ_‘{— 150430 mmZ HBC7} 4% £ 9t H99g
Akt HBC Wi e AA12] 300, 400, 500 kg/
FAQ Wbl 5SS AHEL, 72t AFA FY9
ol W/BS] W3} (25~55%)°l Wt A=A, SHE,

Table 1 Mix proportion of HBC and OPC

0111 _1

W/B | S/G Unit weight (kgf/m®) SP
%) | %) | W B S G |(Bx%)
OPC 51 48 173 339 833 913
HBC1| 45 135 861.4 [ 1008.8
HBC2| 50 45 150 300 | 843.7 | 988.0
HBC3| 55 165 825.9 | 967.2
HBC4| 35 140 813.2 | 9524 2%
HBCS5| 40 45 160 400 | 789.6 | 924.7 °
HBC6| 45 180 765.9 | 896.9
HBC7| 25 125 788.7 | 923.7
HBC8| 30 45 150 500 | 759.1 | 889.0
HBC9| 35 175 729.5 | 8544
0. 1‘;rr| I rLI,I'ﬂln
L 03m % 0.3m |2~
(b) HBC
= =,
L Lom " L 1om >
(e} OPC P L () HBC

Fig. 2 Location of strain gauge & thermocouple installation
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Fig. 3 Construction & settlng for test
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Table 2 Design of experiment

OPC, f, =24 MPa,

Comparison Slump= 120 mm, Air=3%
Fix condition S.P=2%, S/IG=45%
ltems of 0 ient of binder | 300, 400, 500 kg/m’
design B=300kgm’ | 45, 50, 55%
Content of water | B=400kg/m’ | 35, 40, 45%
B=500 kg/m’ | 25, 30, 35%
Fresh concrete Slump flow, air content
Items of

Compressive strength

measurement|| H;
ardened concrete | "¢ 56, 91 days)

Table 3 Method of experiment

27+ 3 temperature,

Condition 1 45+ 594 humidity
i PML-60-2L gauge
Small size 27/ S age Data logger TDS-302
(300x300%300 mm) 0100 x 200 mm, KSF 2403
Strength

U.TM, KS F 2405

Thermocouple data logger
TDS-302

Hydration heat

SEZEE 0|88 232ES| +aldn +75Y | 551



Eo} 3 1 B4 FAF} 3184 AL Tables 4, 5 Table 8 Experimental results for slump & air of HBC and OPC

o 3%7]3}3tt. Binder (kg/m’)| W/B (%) | Air (%) | Slump (mm)
BoAoa AleE ATAE 22X uiroa )4 OPC 339 51 3 12
H ZAE ARESIAA #FS FAle A ok AW HBCI 45 2.5 0
A AHE ZAZ ARREAEY 2 222 AES Table HBC2 300 50 5.7 21
63+ 2ot F5d3 A=E A7) A8 5l AAEE] HBC3 35 8 20
TR 245 AE ZFAIE ARESEATE o]l HBC4 35 2.7 1.5
gk 5242 Table 79 A z2lslSiT). HBC5 400 40 8.5 20
HBC6 45 10 23
4. o8 oty ng HBC7 25 43 0
HBCS 500 30 53 183
41 a8zel =7 " HBC9 | 35 32 237
Thro] Table 8% Fig. 4ollA WRo] A3 Azt whel 2% — e 2
TFiFol F/HETFE SHEZ fo] Ttk R YER o —ohR®) | 10
o ok ghe) BA| o] Z7hete) ulgh W gro] A 2T
&4 HBC2, HBC6, HBCOSIA 210, 230, 237 mmz 2 S| o f 18
7hehe A oR Hol W] EA|Fo] FrHEe we &9 = 162
= f E
Table 4 The chemical compositions of HB and OPC / 14
Chemical composition (% by weight) 5 o {9
Si0, | ALO; | Fe,0; | CaO | MgO ) 0RC Sookg/mr - 400ke/ 500kg/ "
HB 37.93 14.9 129 | 3778 | 3.01 & & T L&
opC 211 5.34 329 64.52 292 Fig- 4 Experimental results for slump & air of HBC and OPC

Table 5 The physical properties of HB and OPC

= kel F7kske AE BATh ol vl RAPe

__Dee o ope #7190 rﬂra} o] Z7hel Ao A <ls] e
Specific gravity (g/cm’) 3.16 3.14 g Atz
Blain fineness (cm’/g) 3,483 3,303 = 5
— Az Z—,Qi HBCE HBCI, HBC4, HBC7ol|A] H.ojx
Ignition loss (%) 0.09 0.08 .
— — . o] Zpz} FA|FollAl WBS] 5% Hstol| EH 27t 210mm,
Initial setting time (min) 209 255 oo cholazkel B
= 9
Final setting time (min) 609 452 200 mm, 183 m“}“] A4S Hel R @l L7_ﬂ
T ) ™ o e Bosel FIA S-S B AAT 4EHE &
i : : 3= ggs A
Sg:rrln‘t’}rlei;‘]’fa) 14 (days) 219 288 HEE 9770 987 AL RAH.
- 2~
g 28 (days) 36.6 37.8 7132 T2 AFA 300, 400 kg/m o= T 0]
71l wet FrlEe] Srkstl e @9l A3l 500 kg/
Table 6 The physical properties of aggregates mAAE 7HAsE ATS BHgon W/BH| 7L 25%00 A
Type Coarse aggregate| Fine aggregate 30% S7HeEAS W= 4.3%914 5.3% S7HFAAIRE 35%
Maximum size (mm) 25 5 ANA = 3.2%= 7ZAsAT. D2 dA e Srtel uek
Fineness modulus 6.48 2.94 FA o] A ER I AgA o] A HHE Ay
Specific_gravity 242 264 W 371Fo] Yolde A% Bl o Zo| Uk A
Water absorption (%) 1.65 2.64 7 Z2Qask Ao 7 wlt,
Unit weight (kg/m’) 1680 1580
439452s
Table 7 The properties of water reducing admixture
Super plasticizer Polycarbonic acid 43.1 W/B HIO[0f 12 o= 2T 27}
Appearance Dark brown liquid ﬁ_ié—o—pzﬂa O]%‘i %ﬂlﬂé W/B ‘iﬂi}g’} Tﬂ"?’] é—%},
Specific gravity (20) 1.04 £0.05 A ko] Wale] WE Q=7 e Table 9, Fig. 59} 7ko]
pH 20-40 vebddth 4 7170l Fokael met dEAEE 27t
Alkali_ (%) 0.02 under o o 4 gk v AFA 300, 400, 500 kg/m’ B
Chloride (%) 0.02 under W/B7}' %__7}_@,01] U}E]— oJ_‘f“ 1?-5]_H%:_ Zigi L]-E]“ﬁ,:l:]—

552 | st=E2ae|Ests =27 X202 A55 (2008)
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Table 9 Compressive strength of HBC and OPC

Binder| W/B Strength (MPa)

(kgm’)| (%) |3 days | 7 days 28 days|56 days|91 days
OPC | 339 51 1035 | 17.49 | 24.05 | 27.8 | 30.6
HBC1 45 13.88 | 18.79 | 24.21 | 27.54 | 28.84
HBC2| 300 50 10.55 | 15.78 | 20.36 | 21.04 | 22.15
HBC3 55 10.40 | 11.92 | 14.77 | 15.90 | 19.15
HBC4 35 18.2 | 24.57 | 30.11 | 32.86 | 35.02
HBC5| 400 40 13.65 | 17.60 | 23.07 | 25.88 | 28.33
HBC6 45 12.02 | 14.56 | 21.05 | 22.85 | 23.93
HBC7 25 [ 23.07 | 28.93 | 33.40 | 36.25 | 39.89
HBC8| 500 30 10.84 | 15.22 | 18.28 | 21.16 | 22.53
HBC9 35 11.77 | 14.71 | 18.39 | 21.25 | 21.20

45

40

35

30

25

Strength M Pa)

HBC1~3=300kg/m,HBC4~5=400kg/m" ,HBC7~9=400ke/

3 7 28 56 91
Age(days)

Fig. 5 Compressive strength of HBC and OPC

A 49 Fsie melFn.

Table 9914 HolF o] FE ZAHYEE JL7|F0
2 BIIZREONY S UYTZE BEopillA FHAEZ HZo)
Vsstelet e el H, HlwA OPC 289 &=
24 MPa°ll 338t {54 T3 1R E o] 1t HBC5¢]
Higto g A%, qFAAHS A2 st =

sd3 5 WskE A Esit.

441 A2YAMO| 20t Al

2YPAIH] F3ES Fig. 6914 HoFXo] OPC7t
HBCHT} =4 Yelstth OPCE o] &3+ Zag|Ee] #A$
AL 475°CE YeEi o HBCY A$-E 31.6°CS
et OPCel 7Z-$-Htk HBCE HILL=7F 15.9°C
z}o]E Btk Fig. 504 BolFRo] 7wrt vus=3t o
oﬂoﬂ}q_o/] = zﬂg_}; 74 O]TY o]_zqg T
9] o]z} OPC 7% 20.3°Ce|3. HBC 7% 52°CE 3.9
Hjo] £x212 Kol

OPCe] &% 7} HBCO| Hls] Aoz At} o]z 3t
z27] A" ZAZEANA S €4 BFH LEAe FEA
A oF&A g A3 AstE gk W9
HILE TEA7HS OPC 2% 13417+ HBC A%+
o

HILE

4 A}, FRe) Bart o3
Rel £Ee 9w o PYsIRe o Rl ALt Fig. 7
A BHFRo] A3 A= AW 22¢] HBC= 71
2 $5 BT AUWA e SEo] BadtE 4P
S Ho|i th. o]o] HBCO 7|41 #ze] o7 3}
= Ao=m Bzt
OPCE A% 60U7HA 5 F7she L=l 3
S YehiSIth HBCE OPCel WlaLste] ze FEas
HoF3 Qlrk. OPCo| Hlgted HBC7L 73} o] do}
S0 ogt WAL U yEhd Zle® Ho Xt
50
45
)
jé 40
© 35
(]
o 1P
e 30 (g#
[} -
2 &
25
20 —_
0 ! 2 Adedays) O 6 4
Fig. 6 Hydration temperature after the setting of HBC and
OPC



-200

-400

-600

Shrinkage strain (x10-6)

-800

0 10 20

30 0
Age(d ays%

Fig. 7 Drying shrinkage strain of hydration age of HBC and
OPC
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Fig. 8 Results of HBC and OPC hydration temperature
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Fig- 9 Results of HBC and OPC shrinkage strain
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