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The Analysis of Early Age Properties of Hydration Heat and Autogenous
Shrinkage according to Specimen Size and Retardation of Hydration

Gyu-Yong Kim," Kyung-Mo Koo," Hyoung-Jun Lee,” and Eui-Bae Lee"™*

"Dept. of Architectural Engineering, College of Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT It has been reported that the magnitude and the development rate of autogenous shrinkage of cement paste, mortar
and concrete were affected by history and magnitude of inner temperature at an early age. But it was not enough to explain the
relation between hydration heat and autogenous shrinkage at an early age, because there was no certain analysis on histories of
hydration heat and autogenous shrinkage in previous studies. In our prior study, to understand the relationship between hydration
heat and autogenous shrinkage of concrete at an early age, the analysis method for histories of hydration heat and autogenous
shrinkage was suggested. Based on this method, early age properties of hydration heat and autogenous shrinkage of high strength
concrete with different sizes and hydration retardation were investigated in this study. As a result of the study, properties of hydra-
tion temperature and autogenous shrinkage were different according to specimen size and hydration retardation. However, there
was a close relationship between hydration temperature and autogenous shrinkage at an early age, especially between HHV and
ASV as linear slopes of the sections where hydration temperature and autogenous shrinkage increase rapidly; the higher HHYV, the
higher ASV and the greater ultimate autogenous shrinkage. And it was found that, among the setting time, bend point and tem-
perature increasing point, they were close relationship each other on cement hydration process.

Keywords : early age, hydration heat, autogenous shrinkage, specimen size, retardation of hydration
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el Zlolth, 27|A® IAFEZAYES] 3l 2 A
71FE vA = AEA Z71e] S AEs] Hs)
100 x 100 x 400 mm A} A (100° x 400)2 7]|Fo 2 A&
Aol FA L dolE 1.58] F7HA1Z1 150 x 150 x 600 mm
AIFA(150° % 600)2t YA EZAHES] jARAHE 7
3+ 300 x 300 x 300 mm ZFo]SE A A (300° x 300)S A
Zrataint T3 IR A gt e JFS AES
A8l SAAAAE 0.3% =943 300 x 300 x 300 mm 7+
o] TFA A & A (300° x 300R)E A 26+ Th.

R AN FHEE D A|5E olF3te] #A
S HAE37] 98] 150 x 150 x 600 mm EE2EFE A FA|
g ARSI OV, o] NAE PFOE £, 2]
0 SRS S £ BY=7)9] A9
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A% 80 MPa)2] gt g EAWEN] 20%9 THeA)
st
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4
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HEZ 800 kg/m S AAsATh T3 FIAA F o
e 27" Fshdd 9 S 54 HUkE A%
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Table 1 Conditions of specimen

1007400 | 1507600 | 300°x300 {300°x300R
Size (mm) |100x100%400|150x150x600 300%300%300
Curing In the air (20°C) Semi-adiabatic
o -
Type Concrete Congrete 2 Concrete
mortar ‘paste

Note "Specimen for setting time test
’Specimen for XRD analysis

Table 3 Mixture proportion

Table 2 Materials

Materials Physical and chemical properties
Cement . Ordinary p;ortlgnd cement .
Density : 3.15 g/em”, Fineness : 3,770 cm™/g
Fine . Desalting se}nd .
agaregate Max size : 5 mm, Der}s1ty : %.54 g/cm
F.M. : 3.05, Absorption ratio : 1.01
Crushed aggregate
agcgzzrgsjte Max size : 20 mm, lsgeg;si%y : .2.65 g/em’
F.M. :6.02, Absorption ratio : 1.39
Retarder Gluconic acid type
Admixture Polycarboxylic acid type
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+ polystyrene board)
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Fig. 1 Schematic of test method for hydration temperature
and autogenous shrinkage

W/C Slump-flow S/a Unit weight (kg/m’) Retarder HRWR
(%) (mm) (%) w C S G (Cxw%) | (Cxwo%)
- 1.0
20 650+50 47 160 800 664 781
03 1.1
482 | sH=2232|EsE| =22 M213 M4S (2009)



2
g AlelAE AHEste] FAHson, SHAITRS 107
Aoz At Th
1007 x 400 A1 A< 1507 % 600 AlFA 2] 7
= 7Hg st G S A s A E
&

> F

+ 3

Ashz Aol 7Fssteht v 3007x 300 AIRA L] 7
o

:iq—

rlo
o

& = xC,+(Cy—y) x4, 1)

DAL AAG A7155 (x107)
7] WE (x107°

o]x o] WAAF (x10°%1x107°%)

o|x9] 2=®A A (x10°7°C)
Ao DAAASF (x10°°C)

ZaYES EWAASF(TEC, vy 2 Wizt 2 =4 &
el wel g 7] wiEe] A&gs didsior sk &
3], Z7|1AW ZAYEL] 7 Fshkgo] Y= Q)
= dEleo]7] Wil 2 3 AlZbel| whEt ®ight)

o] AFoME FAES 255 UANZOoE FAS
A7 & ofg WMEe 3+ o /HgE & 2
NAEY AZAFE 223 N1EAPVE 71ZE, Fig 2

k<

o} 7ol MWMAZI vy

200mm A FA S AR §, £ Qe B 2
B oF 15°C AeAA B F A e 27
ZagES] FHPAFE =T

Data logger

Heater

| Gt $0 l':|+~ Steel mold
5] kel Embedded
il P [ ‘ gage

I

e ’ Teflon film
PE film

Fig. 2 Schematic of test method for thermal expansion
coefficient of concrete
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Fig. 3 Schematic of analysis method for histories of hydration
heat and autogenous shrinkage
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Fig. 4 Measurement results of TEC
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Table 4 Calculation results of TEC
Mixture

Time TEC (x10°/°C)
y = —1.06x + 64.1
y = 83.23¢"™
9.5

y = —1.03x + 66.4

Before 7 hours
7 hours ~ 24 hours
After 24 hours

No. addition

Before 8 hours

100
3002 x 300

80 F l
—_ 300?x300 R
£
@ B0 F
=
5 150% x 600
Qé,-’_ 0k 0% x
a
[

20

; 100% x 400 Age (day, log scale)
0 e

10 4o

g _ 5 - 1002 x 400

5 /4\ 1502 x 500

[+ 1]
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£ -1000 F  Bend point Result of

E prediction
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@

g 2000 f
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Fig. 5 Histories of hydration temperature and autogenous
shrinkage
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Table 5 Analysis results of hydration heating section (HHS)
Hydration heating section
" - : Maximum
Initial point Last point . .
- - Regression HHV  |Length of timeg temperature
Time Tem;;erature Time Temlierature equation (C/hr) (hr) rise (°C)
(hr) ) (hr) )
100°x400 11.5 213 16.7 29.7 Y = 1.91+1.59X 1.59 52 10.7
150°%600 13.0 20.7 19.5 31.1 Y = -2.07+ 1.63X 1.63 6.5 13.7
300°x300 5.5 25.8 9.7 62.5 Y = -34.7+9.90X 9.90 4.17 51.0
300’300 R 8.7 25.0 133 58.8 Y = -50.2+8.01X 8.01 4.67 471
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Fig. 6 Hydration temperature rise of HHS and rise ratio to
maximum temperature rise
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Table 6 Analysis results of autogenous shrinking section (ASS)

500 -
149%10° —p  Shrinkage rise
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Fig. 7 Autogenous shrikage rise of ASS and rise ratio to
autogenous shrikage at 91 days

3 019 A|5ET AN FEFATRE FEFS )
e A% nanh A9AE EQY BaEe] 17
FEEE (5% dEpken], A% 919 47145 o
TR ANFE FAFE LA B A3l v

79 100°x 400 A1 @A 2 150°x 600
x 10%hr 2@ —9.5x10%hrE AR
t}. 300°x300 A A= 100’400 A @A) B8] < 434)
Z7F8 —405.0x10%hr= AFE =0}, A EA| 7} w23} D
= T SoE SN A4S BIoH, AAA
2 Y3 AFAE oF 30% A3 —283x10°/hrE AHY

AldA = 2tz —94

fu
>
N
_{

w
N
45
Joi
IIIE
.IIm

MR |55 Sao| 4B

d AT} A FE FSTHERe] A
& UrEMd Z oItk 100°x400 A1 @A 2 150 % 600 Al
AAAAS Fopid e AFE S
& ol e, A7 pE S7HETke] &
7

X
Fshed 44779 zm#%- A IR R

s
[4¢}

O
rl

>
N
&
o
4
1
®
2
ot
O
<

A Ap7)eEe] A

Autogenous shrinking section
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. inkage . inkage . 6 . <10
Time (hr) (x10%) Time (hr) (x10%) equation (x10%hr) | time (hr) ( )
1007 x 400 16.7 -17 31.8 -166 Y = 117 -9.40X -94 15.2 —308
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Fig. 8 Comparison of times of HHS and ASS
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Fig. 9 Relation between ASV and autogenous shrinkage at 91
days
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Fig. 12 XRD analysis results
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