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The cement paste properties as the matrix in concrete are of great importance in specifying its 
properties. Recent advances in concrete industry have highlighted the need for accurate knowledge 
about its nano-structure and components. To estimate the important mechanical properties such as 
Young's modulus, bulk modulus and Poisson’s ratio of the hardened cement paste at the nanoscale, a 
comprehensive set of crystalline structures that represent the main hardened cement paste constituents 
(CSH, CH, Ettringite, Hydrogarnet and monosulphoaluminate) is developed for Molecular Dynamics 
(MD) simulations. Five different force fields (COMPASS, COMPASS II, INTERFACE, Universal and 
Deriding) were used and compared with each other to be able to measure the mechanical properties of 
these compounds. Also, the properties of two types of C-S-H with high and low density were 
determined by using Mori-Tanaka method. Lastly, simulation results reported by the authors were 
compared with existing computational and experimental values. The results show that using molecular 
dynamics method was suitable in estimating mechanical properties of hardened cement paste. These 
findings might be applied on larger scales and also multi-scale simulations.   
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Fig. 1 Atomistic structure of tobermorite 14Å 
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 Fig. 2 Atomistic structure of Calcium hydroxide 
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Fig. 4 Atomistic structure of hydrogarnet 
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Fig. 5 Atomistic structure of monosulphoaluminate 
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1 COMPASS 
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Fig. 3 Atomistic structure of Ettringite 
3   
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 1   
Table 1 Crystallographic lattice parameters of hydrated cement 

compounds 

 (   )  (   )  (   ) c (Å) b (Å) a (Å)   

123.25 90 90 27.98 7.42 6.73   

120 90 90 4.90 3.59 3.59  

120 90 90 21.48 11.26 11.26  

90 90 90 12.37 12.37 12.37  

120 90 90 26.79 11.51 11.51   

   

3 INTERFACE  
4 Geometry optimization 
5 Smart 
6 Newton–Raphson 
7 Steepest descent 
8 Conjugate gradient 
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 2    
Table 2 Molecular dynamics simulation condition 

   
  NPT 

  1 
 )( 298 )  

  2  
 ) (  ( )0.0001 
 )  1 

  )  100-300 
      3  

 

(1) =
,

=
1

, ,

 

V0 A 
    

)  G)   (K (
  .

 4 5 )  .2)  (5 (
 .

 R V  
  .Sij  [3] .  

 
(2) 

=
1

15
[ + + + 3( + + ) ( +

+ )] 
 

(3) 
= 15 4( + + ) + 3( +

+ )  
(4) =

1
9

[ + + 2( + + )] 

(5) = [ + + + 2( + + )]  

 
 6 

 .
, --7  .

) 6)  (7 ( [3]. 

(6) =
+
2

 

(7) =
+
2

 

) E ( ))  (8 (
)9 ( [3]. 

(8) =
9

3 +
 

(9) =
3 2
6 + 2

 

-4   
 3 

1 Nose 
2 Berendsen 
3 Ewald  
4 Reuss  
5 Vogit 
6 Hill 
7 VRH 

 

) K(  ) G) (E)  ( (
3 7  . 

[30-21,7,5,3] .
 

  .  
 

14  10 11 
 .

  
(2) (9)  

.  

(10)  

Cij (GPa) = 
58.57 34.94
34.94 81.24
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33.55 33.31
3.95
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62.68 2.47 .21 .25
2.47
0.21
.25

22.72
2.79
.92

2.79
21.15

1.17

.92
1.17

21.08

 

(11)  

Sij (1/TPa) = 

29.96 7.40
7.40 18.35

12.01 2.56 6.12 7.80
5.78 1.01 4.18 3.8

12.01 5.78
2.56

6.12
7.80

1.01
4.18
3.80

25.46 0.15 1.10 6.28
0.15
1.10

6.28

45.42
5.79
3.53

5.79
49.90
2.28

3.53
2.28

51.71

 

 3 14   
Table 3 Mechanical properties of Tobermorite 14Å 

  
          

  43.93 18.81 49.38 0.31  
II  38.86 17.99 46.75 0.30  

  46.53 28.89 71.80 0.24  
  46.89 15.33 41.47 0.35  
 68.09 23.13 62.33 0.34  

  
56.42a, 44.80b, 
47±4c, 35.91d, 
20.7–35.4e , 

38.6f, 52.89g, 

31.65a, 
19.00b, 19.0c, 
20.61d, 2.78–
5.08e, 22.5f, 

18.55g 

80.00a, 
49.94b, 
51.90d, 

63.5e, 56.5f, 
 49.82g 

0.26a, 
0.31b, 
0.25–
0.26e, 
0.34g,  

a [21], b. [3], c. [22], d. [5], e. [23], f. [24], g. [7] 

 4   
Table 4 Mechanical properties of Portlandite 

  
          
 137.98 27.97 78.59 0.40  

 II  35.66 20.15 50.86 0.26  
  9.1 5.72 14.18 0.22  
 8.55 5.72 14.03 0.22  

  31.1a, 31.6 ± 
0.3b, 31.54d, 

39.65e 

13.4a, 
20.9 ± 
0.3b, 
18.3d, 
16.36e 

35.2a, 51.4 
± 0.9b, 
40.3c, 
39.77–

44.22e, 48f, 
35.2g 

0.31a, 
0.23 ± 
0.0lb, 

0.305–
0.325e  

a. [3], b. [25], c. [26], d. [27], e. [28]. f. [7], g. [29] 
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 5   
Table 5 Mechanical properties of Ettringite 

  
           

 23.00 10.22 26.70 0.30  
  26.01 10.23 27.13 0.32  
  15.62 9.67 24.04 0.24  
 51.46 24.36 63.12 0.29  

  28.4a, 27.3 
± 0.9b 

6.7a, 9.5 ± 
0.8b 

18.6a, 25.0 
± 2b 

0.39a, 0.34 
± 0.02b  

a. [3], b. [30] 

 6   
Table 6 Mechanical properties of hydrogarnet 

  
           

 35.54 18.63 47.57 0.27  
 II  30.14 14.17 36.75 0.29  

  412.20 269.13 663.79 0.23  
 462.67 172.18 459.53 0.33  

  41.2a 21.7a 55.5a 0.35a  
a. [3] 

 7    
Table 7 Mechanical properties of monosulphoaluminate 
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 8   
Table 8 Modulus of elasticity of CSH 
    

      

32.22 25.72  29.61  23.75    
30.31 24.21 28.03  22.48   II  
45.44  36.44  43.04  34.52    
27.54  21.95  24.90  19.98   
41.39  33.00  37.42  30.03   

28.3-30.7b, 
31.0 ± 4.0d  

17.1-20b, 
18.1 ± 4.0d  

31.4±2.1a, 
29.4±2.4b, 

31.16c  

23.4±3.4a, 
21.7±2.1b, 

22.89c  

 

a. [33], b. [26], C [34], d [35] 

1 Mori-Tanaka Method (MT) 
2 Self-Consistent (SC) 
3 Nanoindentation 

  
          

 43.10 15.65 41.88 0.33  
 II  38.68 14.75 39.25 0.33  

  22.1 10.07 26.22 0.30  
  45.25 17.19 45.77 0.33  
 66.68 24.40 65.24 0.33  

  22.8a 11.5a 29.1a 0.27a  

(12) =
4 (1 )

3 + 4
 

(13) =
(1 )(8 + 9 )

(2 + ) + 8 + 9
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