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Abgract :  The theories of mechanics of composite materials and poromechanics were used to develop a microme-
chanics model capable of smulating the effective elastic propertiesof Portland cement pastes. Using different length
scales, four composite media could be identified for cement pastes and they were smulated using different modeling
schemes: the C- S- H matrix was consdered as a saturated porous medium; the hydration products were modeled
usng the Mori- Tanaka scheme; the efective elastic properties of the skeleton of cement paste were described using
the three-phase model (or the generalized self-consistent scheme model) ; and finally the drained and undrained elas-
tic moduli of cement pastes were smulated usng the Mori- Tanaka scheme and the theory of poromechanics. Thein-
puts of the proposed model are the intrinsic properties of the constituent components of cement pastes and can be
eadly obtained in the literature. The proposed model was used to predict the experimenta resultsin the literature
and the results demonstrated the eff ectiveness and accuracy of the model.

Keywords: Portland cement paste; effective elastic moduli ; mechanics of composite materials; poromechanics; mi-
cromechanics model
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1
Table 1 Hagtic properties of the congtituent components of the hardened cement paste
C-SH
Bastic moduli Anhydrous cement CH Pore water
Drained Undrained
Bulk modulus K/ GPa 113.0 15.2 18.3 40.0 2.2
Shear modulus G GPa 53.6 9.6 9.6 16.0
(Level 0) (Level 1) ch CH ,
(Leve 2) (Level 3) 1§ hp CSH
(Level 2) (Macro CH (Hydration products C-S- H
pores or capillary pores) CH C-S-H CH
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Cement paste with capillary pores
(An effective porous medium)

Fg.1 Micro- mechanica mode for the hardened cement paste
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Fig.2 Comparisons between the model predictions and
the experimental results of the D cement in Reference [3]
((a) At an age of 28 days; (b) At an age of 56 days)
, C-S-H
: C-SH
1 )
1 CH
, CEM HYD3D
, ccn= 0 21
a
2(a) 2(b) 28d 56 d
,28d

; 56 d ,

Elastic moduli / GPa

40
56 days
35r 2 Young’s modulus
N o Shear modulus
301
a
25+ o
a
20}
15} o
O\ o
10F — o
S| S\e\e
0 1 1 1 1
0.2 03 0.4 0.5 0.6 0.7
Water/Cement mass ratio
3 [3] D

( [3] )
Fg.3 Comparisons between the model predictions and
the experimenta results of the D cement in Reference [3]

usng the provided data of capillary pore ratio

(6)
(3]
, [3] CEM H YD3D
28d ,
; 56 d : (6)
3 [3]
56d '

Mori- Tanaka
(Three- phase model)
(Poromechanics)



- 189 -

[2]

, (6)

[J31. , 2005, 22(1) : 102-107.
Zheng Jianjun, Zhou Xinzhu, Jiang Lu. Three phase compo-
ste sphere mode for the prediction of Youngs modulus of
concrete [J]. Acta Materiae Compositae Snica, 2005, 22(1) :
102-107.
Bernard O, Ulm F, Lemarchand E. A multiscale microme-
chanics- hydration model for the early- age elastic properties of
cement- based materials [J]. Cement and Concrete Research,
2003, 33(9) : 1293- 1309.
Haecker CJ, Garboczi GJ, BullardaJ W, et a. Modeling the
linear elastic properties of Portland cement paste [J]. Cement
and Concrete Research, 2005, 35(10) : 1948- 1960.
[31. , 2006, 23(1) : 117-123.
Li Chunjiang, Yang Qingsheng. Micro- mechanical model and
property evolution for hydration of cements [J]. Acta Mate-
riae Compositae Snica, 2006, 23(1) : 117-123.
Christensen R M. Mechanics of composte materias [ M].
New York: John Wiley and Sons, 1979: 31-72.
Coussy O. Poromechanics [M]. New York: John Wiley and

(7]

(8l

(9]

[10]

[11]

[12]

[13]

[14]

Sons, 2004 : 37-112.

Acker P. Micromechanica analysis of creep and shrinkage
Ulm FJ, Bazant Z P, Wittmann F H, eds.
Creep, Shrinkage and Durability Mechanics of Concrete and
Other Quas - brittle Materials. Cambridge, Massachusetts
State: Hsevier Science Publisher B. V. of Amsterdam, 2001 :
15-25.

Monteiro PJ M, Chang C T. The elastic moduli of calcium hy-
droxide [J]. Cement and Concrete Research, 1995, 25(8) :
1605- 1609.

Ulm FJ, Constantinides G, Heukamp F H. Isconcrete a po-

mechanisms [ C]

romechanics material ? A multiscale investigation of poroelastic
properties [J]. Materials and Structures, 2004, 37(265) : 43-
58.

Lide D R. CRC handbook of chemistry and physics, 78" edi-
tion [M]. Boca Raton: CRC Press, 1997 : 6- 127.

Mori T, Tanaka K. Average stressin matrix and average €as-
tic energy of materials with miditting inclusons [J]. Acta
Metall , 1973, 21(5) : 571-574.

Powers T C, Brownyard T L. Studies of the physical proper-
ties of hardened Portland cement paste [J]. J Am Concr Inst
(Proc) , 1947, 43: 101-132, 249-336 , 469-505 , 549-602 , 669
-712, 845-880, 933-992.

Christensen R M. A critical evauation for a class of micro-
mechanics models [J]. Journa of Mechanics and Physcs of
Solids, 1990, 38(3) : 379 340.

Sokolnikoff 1 S. Mathematical theory of dasticity [M].
York: McGraw- Hill , 1956: 56- 71.

New



