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A Fundamental Study on the Correlationship between Hydration Heat and
Autogenous Shrinkage of High Strength Concrete at an Early Age

Gyu-Yong Kim,” Eui-Bae Lee,”” Kyung-Mo Koo," and Hyeong-Gil Choi"
"Div. of Architecture Engineering, College of Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT In this study, to analyze the correlation between hydration heat and autogenous shrinkage of high strength concrete
at an early age, hydration heating velocity and autogenous shrinking velocity as quantitative coefficients which represent the main
properties of hydration heat and autogenous shrinkage were proposed. Two coefficients were calculated by statistical analysis and
were equal with the regression coefficient. The complemented semi-adiabatic temperature rise test as test method to evaluate the
hydration heat and autogenous shrinkage of concrete were proposed. In results of proposed test and analysis method, it was possible
that early age properties of hydration heat and autogenous shrinkage of concrete were expressed numerically, and autogenous
shrinkage was represented by equation with coefficients of hydration heat.
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Fig. 1 Curves of hydration heat and autogenous shrinkage of
concrete
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Fig. 2 Application of adiabatic temperature rise curve for
calculation of hydration heating velocity section
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Table 1 Analogy conditions of adiabatic temperature rise curves

Adiabatic Tvoe of Unit weight| Placement |Measurement
temperature c)élp;ent of cement |temperature | intervals
equation” (kg/m’) (°C) (minutes)
300, 400,
3((? e:) OPC ggg’ ggg’ 10, 20, 30 10
s\UHT s s
900, 1000

Note 1) Q(t) : Adiabatic temperature at age t
Qg :Maximum adiabatic temperature rise (°C)
a  : Coefficient for adiabatic temperature rise velocity
t :Age (days)
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Fig. 3 Correlation between last temperature / max. temperature
(T'2/T°3) and coefficient for determination
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Fig. 4 Schematic of test method
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Table 2 Conditions of semi-adiabatic temperature rise test
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"

|
I

Center of Center of
mold concrete

(b) Module for analysis  (c) Analysis

(a) Test condition

Fig. 5 Analysis process of semi-adiabatic temperature rise test
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Fig. 6 Analysis results of semi-adiabatic temperature rise test
according to mold thickness

Unit weight Insulating mold Specimen size Air temperature
of cement (kg/m’) Material Thickness (mm) (mm) (°C)
1 0, 50, 100, 150 300%300x300 20
] Styro 300x300%x300
I 400 _foam 100 500%500x500 20
800%800x800
| 100 300x300 0, 10, 20
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Table 3 Mix of concrete

W/C | Slump-flow | S/a Unit weight (kg/m’)

(%0) (mm) (%) | W C S G

20 650 + 50 0.47 160 800 664 781

Table 4 Materials

Materials Physical and chemical properties
- Ordinary portland cement
Cement . Density : 3.15 g/em’, Fineness : 3,770 cm’/g
Fine | Desalting sand
avoreate | Max size : 5 mm, Density : 2.54 g/em’, FM. : 3.05,
gereg Absorption ratio : 1.01
+ Crushed aggregate
aC(;ZrS:te - Max size : 20 mm, Density : 2.65 g/em’, FM.:6.02,
gereg Absorption ratio : 1.39
Admixture| - Polycarboxylic acid type

Temperature (C)
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* Cement : 800 kg/m®
- * Max temperature : 72.6°C
| Il 1] v
0 5 10 15 20 25 30
Time (hours)

Fig. 7 Hydration temperature

2 Uehd Aot} R A% ZIES] &%+ 21.6°C

2 ES] LE7} A3 Z71eHY

i 9_' T
om, o TAIZHEE oF QAR E FEeryt JAH o
2 F#%3] Srlete FHE Yt 2 3 22357
o 7hasle] oF [9A]7be] ol2 8 HULEel 72.6°CE
Hetligleon, 2 $oe Hak Aaste FHE e
At

Fig. 8& 271 307744 23 E9] Ar|4&S

vehd Zew o] IS wiAlste] &3 Aol

Z3AYE eHd T F SAZWA] FFo] SUsiHT o
Al aste] dAsHA FHEkE FHE Holil don
olmje] A7|FE e o 140 x 10° =T 2 ¥ o}
Al A7l F43] F7EshH oF 10A17F $oll= oA
#aste] FHEE JEE Hola o

oo} o] 27| E WAFAH FT FFHol e+
A, 5 B T AreFo] dAF R FEHAY &
23t A2 AHE FEhkgo os Aagt FHo] &
AE I E-AIO|Eo] ot 3o 7% Ao AlR
H, oAl A7 5Fe] S7kke A2 AHE U] A3t
I A7)0 BT 2H|Eo] AWE F3E9 2 Y
Aol 3 9ske ddsle JE-AOET e W3}
£ 907]7] ozt ArrHTh?

200 t

& 100 | Bend « W/C 1 20%

é 0 point * Cement : 800 kg/m°

X -100 \_‘/

[0}

g -200 F

< 300 |

=

S 400 F

3

5 500 F T ——

&

S ii ii

2 -700

-800 1 I 1 1
0 5 10 15 20 25 30

Time (hours)

Fig. 8 Autogenous shrinkage

o X |F S4o] azAol 25 7| =X A7 | 597



= ) , = 25.
~30.7°C7F €}, 3 3|HAEAM S Tl 59 e
Fig. 95 X713 30N 77HA] 3 w9)l A 7|ese F5EEE 9.90°C/hr~13.8°C/hrZ YEltkon A A S
TE FEE vag ZAog, F34 o|F A|FFHo] F 7t 2SS FUEATEEE SUMEE ALE U
&o] F7tshe 7k A7k FHE FIETt 5455 EbtTH
S7kske F2h g AR FElE Helal 9l S A7 FEEFTHERe] AR B F 508 7kelH,
Falerel Ap|Eo] F43] T eHE e 54 A7) 55L —137 x 10%] ATk A HL 7|Fe s 77k &
S Hop JFHoT EAE7] 8 oA a e SAH Ae 7t ARASF H2 s =9, ARAARE 6.4
XS AAsigon, 2 B4 A3 Tables 5 2 601 Zh~11.3A17k0] HW, 27| 5FEE -205 x 10°~-475 x 10
UeRA vfe} 7o) He7E dok g AN S Tl A5 FshEd
WA 7t AAF AR bR ds e FHE A SELE 412 x10%hr~—65.7 x 10°/hrZ, 6X17+ FEo
A3 A3 B 3 8341792417kl H | 3L = 48.0° oF7ke] W3to] WAste] AR AIG 0.98 o) FellA = A
~62.5°CATE. THE 7o ® 7] ARS A SHA FE5T/EE Adigle] 23] haske 2oR YT
Fig. 10 A3 9 3] o3 H 2=45F o
100 800 H] 3l d s 7] 2245ES UERd Blolth o
0 f 700 T LA ES ASH BT 33.9%~72.0%, 3]
g Auoaenons oW Aol 23k 73 36.1%~80.9%2] W9E e ok,
S 70 450 8 5|40 oaf 2tEE EATES A3 o) A&
S 0OFf \ 1 400 é‘i_? H LxdsE B8] oF 22%-8.9% A= E=A HrHH
§ 0r Temperature 1% %’Ié Som, AAAGFIT oA EFE 2EASES AAde=
§40- 1 200 gz Aoz Jehygt}.
= oot 15 Fig. 112 A% 8 3|72 o 28U #7145 v
? Bend 1° ANFEZTFT ANFE FHES HEd Qo
or pont 17 A2kl A% 11.4%~56.6%, BFAAe] <& 9 11.5%~
e h s o 36.9%2] Mg Yelz Ak 8740 oja) A&
Time (hours) ANFEZ7HES ASgke g8 AEH A5 7t
Fig. 9 Hydration temperature and autogenous shrinkage £l ¥l 9F 0.1%~13% F= A HriENeH, 24
Table 5 Analysis results of hydration temperature
Initial point | Last point Regression analysis
Max. of - ) 2) 3
R |Time Temp, Time | Temp, temperature|  Regression I-.Iydmtlon' D 55 MS o
t | CO)| @) | €O | rise(C) | equation hea"‘(lgc/vrj;my RIe|[™| R | E| T | R |E
Over095| 55 [ 258] 97 [ 625 y=-347+990x| 990 1 | 24| 25 [3984.70] 20320 | 41879 | 3984.7 | 8.50 [470.64
Over096| 58 [ 263 ] 93 | 600 y=-398+10.5x 105 1 | 20 | 21 [270590] 124.80 | 28308 | 27059 | 620 | 43354
Over097| 62 [272] 92 [ 582 510 |y=—462+112x 112 1| 9] 10[44599| 1440 | 46039 | 44599 | 160 [27876
Over098| 67 [ 288 87 | 522 y=-565+125x 125 1| 8| 9 [37739] 1067 | 38806 | 37739 | 1.33 | 283.00
Over0.99] 7.0 | 30.7] 83 [ 480 y=—67.1+138x 138 1| 7] 8 [31181] 478 | 31659 | 311.81 | 068 [45640

Note 1) DF : the degree of freedom, 2) SS : sum of squares, 3) MS : mean of SS, 4) F = MSR/MSE, 5) R : regression, 6) E : error, 7) T : total

Table 6 Analysis results of autogenous shrinkage

Initial poi.nt Last pOiI.It Shrinkageat Regresl)sion analysis . ;
R’ | Time Shrink Time Shrink - 5g days Regression Au@gmous . D 55 MS P
(tr) (3%% (tr) (:%% (10°) equation Shm?j?gsf:)my R|E|T”| R|E|T|R|E
Over0.95 113 |—475 y=210—65.7x —65.7 1 | 37 | 38 [592460| 32179|624639/592460| 870 |681.21
Over0.96 11.0 | 472 y=232-68.8x —68.8 1 | 35 | 36 |554051| 24666 |578717\554051| 705 |786.19
Over0.97| 5.0 |-137| 105 |—467| -598 y=262—-732x -732 1 | 32 | 33 [487125| 16585 [503710[487125| 518 |939.89
Over0.98 77 | =75 y=133-51.5x =515 1 15 | 16 |30063| 634 |30696|30063| 42 |711.62
Over0.99 6.7 |—205 y=742-412x —412 1 9 | 10 [5196.7| 734 |52702|5196.7| 82 |636.90

Note 1) DF : the degree of freedom, 2) SS : sum of squares, 3) MS : mean of SS, 4) F = MSR/MSE, 5) R : regression, 6) E : error, 7) T : total
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