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Determination of Elastic Modulus of Concrete at
Ultra-early Age by Indentation Technique
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Abstract: Based on the principle of the indentation method, a test method for the ultra-early elastic modulus of
concrete was proposed. The size of the specimen was designed by numerical analysis method, and the spherical conical
indenter with a cone angle of 30° was selected as the test indenter for the ultra-early elastic modulus of concrete, the
optimal indentation depth was 5 mm. Comparing with the ultrasonic method, the method was verified by changing
the water-binder ratio of concrete and the amount of fly ash . The initial setting time is taken as the zero point and
the earliest elastic modulus that can be measured by the traditional stress-strain method as the end point, the two-point
line is used to predict the super-early elastic modulus of concrete. To compare with the experimentalresults of the
indentation method, the errors are all within 30%.
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Table 1 Influence of ratio of specimen thickness to maximum indentation depth on indentation behavior

Hih,, 60.0 50.0
F,,/kN 0.998 7 1.0110
Relative error/ % 0 1.2

1.0730

20.0 10.0 7.5 5.0
1.1350 1.1930 1.3440
7.4 13.6 19.5 34.6

Note: Relative error= [ (indentation value—maximum size specimen indentation value)/maximum size specimen indentation value ] X 100%.
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Table 2 Influence of ratio of specimen radius to maximum indentation depth on indentation behavior

R/h,,. 100 60
F,./kN 1.061 1.061
Relative error/ % 0 0

1. 057
—0.3

20 10 5
1.047 0.976 0.787
—1.3 —8.0 —25.8
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Fig.1 Mold size and press-in position(size : mm)
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Table 3 Chemical compositions and specific surface areas of cement and fly ash

“ . .
Chemical composition(by mass)/ % Specific surface

Material : — — , _ area/(m’+kg )
Ca0 Sio, ALO, SO, Fe,0, MgO K,0 TiO, P,0.
Cement 62. 30 19.70 5. 84 4.14 3.13 3.03 0.87 0.49 0.12 350
Fly ash 4.18 48.50 41.00 0.38 2.91 0.14 0.65 1.45 0. 20 390
x4 RELHRAE Taf A% B 8 S 4 100 KN, 2% 407 0 4 0KS B2 S 4-0.5) .
Table 4 Mix proportions of concretes T4b 35 ZKS-100 B5 3¢ 6 25 i [ 5 1 il X1.2101B
Spj\ifen Mix proportion/(kg-m™) - 5L A AN
Stone Sand  Cement  Fly ash 24 FELFENFEEZRE
C0.38 1200 676 400 0 038 S L A ) N B
Co.42 1200 676 400 0 042 VEHF T 5 4 IE 3 (30°ERHE JE 3 . 30° T Bk JE % L 90°
COo44 1200 676 400 0 o B T Sk 90" BR 4 JE Sk 1 I BE TR Sk ) 6 HL 45 39 201 2
(‘170.46 1200 676 400 0 0.46 ?WDW31001“.§%¥7¥§E&E3@MJ_ Kﬁﬁ;%}f
(;O(;.i Egz ZZZ jzz 82 Z: jz SR 2 P A 2 B L HG R 90° T A I Sk i1 007 B

JE Sk MR R A 4 X 40Cr, #LPE R B O 202 GPa, i1
2.3 IR FA LA 0.3, 0 38 K He Sk B B2, i A7 1% 3k 24 28 830~
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Fig. 2 Sketch maps of indenters with different shapes(size: mm)
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Fig.4 Elastic modulus at different indenters and
indentation depths
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Fig.5 Elastic modulus curves of C-0. 48 concrete specimen
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Fig. 6 Elastic modulus curves of concrete specimens with different mix proportions
PR BEE T 5 mm DL E APRLE R BR , 2 BEUA W5 KU HE AR B RS R A IR T R AR B AT

PR Ty s, R AR B NM-4A A 4 @ 75 I kG
A3 ATASC 003 7 A A ) A e e . L R D (V)
W 3245 4 100 kHz, 3844 K 200 mm; ZhiE (V) 3k
F 1k 50 kHz, 51 K 25 mm. AR RS 0t 45 SR
SRAF C-0.46 TR BE 4 3 4 2 2h s M A i (Y. L kA%
Gi 0y 7 —REAR I ORI R S A Y C-0.46 1R
HE 3 ) SRS I e L 7 BT

1 500

@ Stress-strain method
O Ultrasonic method
O Ind¢ntation method

m]

/

E|

—Oo= 6\0/0/8
o——O

3 4 5 6 7 8
Time/h

B 7 C-0. 46 W EE A i 1 i 5 45 0 i 28

Fig. 7 Elastic modulus curves of C-0. 46 concrete specimen
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Fig. 8 Comparison of ultra-early elastic modulus curves of various concrete specimens
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