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Abstract

Concrete is a composite material made of different constituents. Elastic modulus of concrete is
one of the desirable properties to predict. According to the experimental results of the concrete
compression tests conducted at the civil engineering material laboratory of National I-Lan Institute of
Technology (NIIT), the measured elastic moduli of the concrete with different compressive strength are
lower than the predicted results from the theoretical methods. Furthermore, the measured results are
also lower than the predicted results from the well-known empirical methods. Concrete consists of
cement paste and aggregate particles. When the concrete material is loaded, both cement paste and
aggregates share the load. Therefore, the corresponding deformation of concrete takes the packing
structure as well as the inter-particle contacts of aggregates into consideration. As a result, the
micromechanical consideration is suitable for developing a new model for predicting the elastic modulus
of concrete. Compared with the conventional continuum mechanical approach, the proposed model
treats the aggregates as discrete particles bound by cementation material.  According to the requirement
of the proposed micromechanical model for elastic modulus of concrete, this study treats concrete as a
simplified heterogeneous material composed of two phases only: binder and particle. This study will
review concrete mixed design in order to perform a series of experimental tests for the concrete with
different compressive strength and to obtain the representative and reliable measured elastic moduli.
The parameters for the proposed model will be determined by the conclusion of reviewing concrete
mixed design. The proposed micromechanical model considers the properties of the constituents, the
geometry of aggregates, and the coordination number. Therefore, the proposed model is capable to
predict the reasonable elastic modulus of concrete. The proposed model can be applied to predict the

stress-strain relation of concrete as well as be used for further study of cemented materials.

Keywords: Concrete, Micromechanical model, Elastic modulus, Composite material
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112" 100 100 #4 95~100 100
1" 95~100 97 #8 80~100 86
12" 25~60 60 #16 50~85 55
#4 0~10 2 #30 25~60 30
#8 0~5 0 #50 10~30 13
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2
SSD 265 | 264
oD 262 | 259
% 13 | 18
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086 083 083 074 071 068 0.65
(kg/cm?) 120 135 150 180 195 213 231
(kg/em?) 975 1036 1121 1779 1799 1889 219.1
(kg/cm?) 1583 1512 19.81 3640 2479 2339 21.17
016 015 018 020 014 012 0.10
(kg/em?) 63 77 72 128 133 144 160
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(kg/cm?) | 182048 200271 184901 233547 237076 242368 250312
4

0.74 |0.000136/-0.000558| 0.24

0.71 | 0.000086/-0.000475| 0.18

068 | NA NA NA
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0.62 | 0.000093/-0.000660| 0.14
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0.56 |0.000117/-0.000862| 0.14

0.53 | 0.000048/-0.000265| 0.18

0.50 |0.000100/-0.000613| 0.16

047 | NA NA NA

0.44 |0.000121/-0.000426| 0.28

11






10 400

3560

300

(kg/cm”2)

o N M O
T

) o o o o x> A% ° Mean
A F o 2 a¥ 2% 2% > Y 20b — Max

(kg/ cmnr2) —Mi n

(a) w/c=0.86

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

10 400

350

3060

T T S S M 25@ —————————————
Q Q

o> o° ©° o O a°
S S N S S N
(kg/ cmnr2)

> ON MO ®
T

20f---------- oo

1560

(b) w/c=0.83 10PN X -

5 ol— L
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

10 4080

I R

3060

——
R I S S S S MR R A MR 250

Q Q —Mean
Q © > o S & & O
OIS S STV SIS SIS 206 —Ma x

(kg/cmr2) A —Mi n
> -

(c) w/c=0.80

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

10 4060

3006

R EED\DHHHHHH ——
e A Y A SR
© 0 2% 0 0% ¢ & o O % A% ° —Mean
® N

[N P S R N Ma x
2060
(kg/ cmnr2) —Mi n

[ X
15 Miﬁm 77777 Leaihdl

(d) w/c=0.74 109

> ON MO ©
T

50
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

13



g |
6
4,
o L
oo o —lgnD\\n\h\n\n\h\n\
OOH(V)IDI\D?HEV)LDI\CDH(')LDI\D?
N2 A ddd NN NN N®®®m®®
(kg/ cmnr2)
(e) w/ic=0.71
10
8l
6
4l
Pas
S I . oo oo oo
’\m—cmml\m—cmmr\m—cmml\m
o 4 +d 4 4 N N N N N MO M MmO M m
(kg/ cmnr2)
(f) w/c=0.68
10
8,
6,
4t
P
e
Q Q Q
o o > 0 o
RN R AR T A S
(kg/ cmnr2)
(g) w/c=0.65
10
g
6,
4l
2,

o " o 20 o w0 a®
IS N A A S

(kg/ cmnr2)

(h) w/c=0.62

14

40

35

30

—Mean
—Ma x

—Mi n

106
50
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
400
3509
309
——
250 L SN b A
—Me an
3 AW A 7* \iv L S, ——Ma x

20

|Vt v —Mi n
156
1060
50
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
40
35—~~~
300
250
A /\f\ —Me an
>
206 Ma x
» |——Mi n
r Y
156Ny ¢
100
50
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
400
350
306 FaN \
25 6 Sr_w’w \/ 7&[ '
v V y' V —Mean
2060 Ma x
—Mi n
156
10—~~~
50
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30



10 400

8,
6L 356
| Al B e i
3 “““““ I SRR i 5 6 I e S ZS}VI\ AWA;A‘*{\[*\Y{*Y -~
Q Q Q Q —Me an
/\Q @ \,“.) \,@ »@ pl:\/ '],6 q/‘b ’b\’Q ’bb‘ (g\Q § 20 ——Ma x
(kg/cmnr2) —Mi n
156
106
(i) w/c=0.59
50
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
18 40
g 35 @ - Aot R
i i AN AW AW
3 | VAW RN
B Ittt ] 256 % O ° v e
@@@@@@ﬁ@@Q%«&s o —Max
(lﬁgiﬁfﬂ 3) —Mi n
150
(k) w/c=0.53 1op
50
0 2 4 6 8 10 12 14 16 18 20 22 24 2§ 28 3§
4
10 400
el
6
4 *
. v ==
0 s5-ooooooo BLETELoLHL b o 2oy " iean
SN2 d A d A NN NN N®m®m®m®m 200 —Ma x
(kg/cmr2) —Mi n
156
(1) w/c=0.50 Loy
50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

15



o N B O
T

IR SRRE A A A A RN A B R

o & o0 DA o w49 O
SN N R D S Sl

(kg/ cmnr2)

(m) w/c=0.47

o N A O 0
T

0 e 0O o 0,0 O
N VA S A S

(kg/ cmnr2)

(n) w/c=0.44

16

40

35

30

25

20

15

10

50

0 2 4 6 8

40

353*

30

25

20

15

10

50

¥

—Mean
—Ma x
—Mi n

10 12 14 16 18 20 22 24 26 28 30

—Mean
—Ma x
—Mi n

8 10 12 14 16 18 20 22 24 26 28 30




(kg/ cmn)
P PN N W WA N
o o1 O o1 O O O O
Q. O O O O o o o

50
0
0.9 0.8 0.7 0.6 0.5 0.4
(w/ c)
5
300000 ‘
—ACI
250000 |- 4.%
E\T ° //
£ 200000 - .
3 o o o
4
= 150000 | - o
y = 670x + P00O0O
100000 | °.
50000 |
0
0 100 200 300 400
(kglem2)

17



E mortar (GPa)

E concrete (GPa)

70

60 |
50 k

Voigt's model

40 |
30 |

Reuss's model

20
10 |

/

Micromechanical model

10

11 12 13 14

E cement paste (GPa)

15

70
60 |

50 |
40
30 |

Voigt's model

Reuss's model

20

10 |

Micromechanical model

13

14 15 16 17

E mortar (GPa)

18

18



N
o

<
a
Q) 30 }
% 20 Wicromechanical model
e o0V
S 10 Measured data @ ®
w o
o 2 2 2 2 1 2 2 2 2 1 2 2 2 2 1 2 2 2 2 1
0.44 0.54 0.64 0.74 0.84
Water/cement ratio
9
300000
250000 G &
®
~
£ 200000
S ¢ o
2
150000 g’
100000 *e
. ACI
50000 .
Mi cromechanijcal mo d el
0 | | | |
0 100 200 300 400

(kg/cm”2)

10



