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Estimation of mechanical properties of hardened cement paste with molecular
dynamics simulation method at nano scale
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ARTICLE INFORMATION ABSTRACT

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 Il, 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.

Original Research Paper
Received 23 March 2016
Accepted 07 May 2016
Auvailable Online 11 June 2016

Keywords:

Elastic properties
Molecular dynamics
Hardened cement paste
Simulation

Nano scale

dodo-1
G S ol e ol eslal cwl i Sleisle wlas o yiege

OV gamme )3 el b g il 4555 )0 Wigd oo o 0 (Jlite (ole 55y
Ol 09d o (Dl oleP et e WIS oo il i0es lecss e

Ygame yidow SSlil lpy oz lgisleSs g b og, 3l colaiul
Jeo 50 Geelilioe Lol O¥game il p3Y @lioe Hlaew e
‘M .\,...Sj)m d;‘y.\.db ul&..la..a p...-.JS JAL»J uLA.a.uJ 00 Csew
ol e aiibe Sliaddl silsusize 5 S350 ol !
uimmbw”mlfu_ﬁ“ym)mamumumw)buyj,@m

Please cite this article using:

am o by st o ) ol ST s Ly aile 55 o
i a2 52 ddlllas g bl Connl £adg0 (pl g 95,5 oo ooliiul o3l
a5 ol wiloKiw 9 o (loww S o 1] w8 e &9l 1y ol

GRSl ol g ead Garalihaie 15515 4 e OT b ples oSS

aples edlitwl Jo3 &jle I o ol @ gla )l g1

D. Tavakoli, A. Tarighat, Estimation of mechanical properties of hardened cement paste with molecular dynamics simulation method at nano scale, Modares Mechanical Engineering,

Vol. 16, No. 6, pp. 71-78, 2016 (in Persian)



iy pasl 9 SIS95 Sl

956 ulaiio ) 0dub wadtw Ylowws paed SSWle Yolgd (reXs Y (J9ge Suolind Y9y Hl o Slaiuwl

walys 513 iluand 3 50 (Joge Salus (g, 4 51 3550 DY paze
gl bl (Sl plss atpci¥l Luls ) 5l oolitul b s 5 285
G 4y b prizes bl dlie (8 Sl mls b g eads
b sloend ;o Glitre 5955 (s (2led @S 50 95 slaglhee sl
el 00l oy 1 Olge () (sl Ll B g oals 00 IS A

@ Wlg e 0ud o low jed SVgarme ( SSle (olo (o) 2
& e g 00,5 SaS i (Selfo olss NSl Jalge g colis
3,5 o il ) aBles 5l (B p Sgne

ol S Oloww pod> oS Sl Y guasmo -2
Sl L STy 50 plors sl Gl «% pU 4 (S350l 232 (et
Oloss yoos S 50510 9529 4 |y 00l St (o pas e 0
Olowms e 5 50 @y 590005 (g0 el 392y 4 el ailaSan
e 5l 1y TSl G a5 WS e 3k | Tl G2
STy Al s a3k 1y o @l Pl e el B e
Ply> 45205 (o0 LSS Gl e 0 (GVgame Gloww Ggenlilnen
DY game abl g o] & dily o2 55,5 dn 50 5 Glaes s 25
Whowe Sl oS J5 1Jeld Olos e oaims S5 oge
Holiagllgilgmgio 9 T Fgyun FalS 5l FpedS wnS 0

0t Sl oS J5 clonms )3 008 oS85 Jpazee (2 yioges
ALK IS 5 g el 150 slajls cuS 5 51 5 ol ol oo

Oloss peod 51 00,070 1550 g0 ool 1l .09 oo ades ST L Lo
e g (8l9d g (Seglie (oloS yiiey amd e ST ) eud S
el [11] 0ibioo Jpame (nl 4 ataly oo solal gl ols>
5 o5 ol oyl 0352 el Sy LB 6 s Sl
SIS sy U fwizpan 5 el 42535 50 0 eobe (ol RS
FSis olge cod g Budo JLELe jam olge glulid ane ;o )0
JSis olge duoyo (405 astive 4 d> g b Sl oauld adrine o] caims
i 9925wl b 0gd g0 aiiel HSC & g0 a4y Ygars oole oyl odims
e odle S a et sl LSl G 5 ol a5 sk e
Sl b Sk sloo zoniy SIS Capganss o)y Cujse st el &
L alin jbsle b calisee ool 30 ogae il o o puony s 58 paadS
o el oad sl 5 pllid et @l L eenlS
» Pl g bl a0 calid i a5 ool plad i
9 bols it a8 ez b Cujsengt oyl ezy Cujgeng
ol g il CaypangisnlS 5 pg ST A g ST 1L (g 2SS
poreSl AL Cujsongi po (SlSe (ol aie) po Colid (il
W laee baigS plo ) i Cojee ey 5l £95 (nl [8] Cnl 0ad cvsliv
S 5 5 00le cnl G o STl (it @ 4z g Lol ol
)l adlas pl yo clonw ees OY gaze 4 39250 &liaue SIS Law
ouds ool 4l Gl pedS SGlKe plS sy Sz ool

8 Matrix

" Inclusion

& Calcium hydroxide

° Ettringite

0 Hydrogarnet

™ monosulphoaluminate
2c.g

BC.s

6 0 leis 16 0,55 1395 ) gy pieds 30 Sulle Swiao

50 ey Sldllas 4y ls ol ples colis 4 0ed e iz g
w85 plnil Goelil s SYgame (59, p sy Dlaeiod 5o sl Jle
Ol yaod Sl 5) clis aBislesl slacygame 4 azgi bl
s e jo gileans o ybg, sl eolaiwl (gl a0 ogar 4
ooz Y game LSl iU anlllas [2] ol 428 T (13 6 iy 4> 0 90
9551 S 50 (olgS Sgne 4 0ole Suplo g b pall (o) b &Sl jue lors
Slge goil JLSlo clil g 5l amy o olge adllas glo ig, 51 (S
olis Ollllae bt cul * J9Sge Solins (g3l g, 5l oolaul
Gilwans glp ol g, (Jege Selus b, a5 el oold
ool 43|)| |) L.S"?UM GLU gsi...vlia ua|5.‘> Ao ;0 9 Sl alies uLuSJ.a
Gz 4 azg b Jycwl analy ol mls 5 col a8 )3 1,8 oolaxul
@lFer 4 leand () onl @IS e esh Sl s cnl Do
23l aolol 4 @L.: S g s sl iloand
235 )5 arg 5y5e silile Lawgi glasliphl ;3 Oseulil s SYgans
W8S I cwyp g0 o] dlize (ol 5 end gilened (o
258 Foge Soliys gy a1 9 2SN 41 5 11 2y j50 55 (55loens
ool lis asdllas ol b [4] cowl 423 )5 13 dx g8 5590 (5,550 asdllas
Oaelilyous CYgame glpy (JsUge Sl s, 5l oolatwl 4 cul
Oloe 15 )| g ] J& ol 4yl g, 5l eoliiwl .ol culie Wilg oo
Pl eSS gz gy (I b silodnd (nizeen g o solil Y5 5
Olise S asdllas ol jo [Bleel ool pwyp ladlas o 55 SO
G PO KV O L WY OO S RT3 I WO UV E VRS FYoE
Soeliss gy a4 Sldlas jo 1) leww saims LS5 slajls yien
5 Silwand 500 Glaghy, ) eslinul [7.6] wWoges (o) p (JsSge
S50 w3l sla o (o 5 Gldlhae alies sla wlide ;o goue g3le Jow
Y game alS (eSL a8 F Ojpo Slidss (o 4SOl 4 a4z b
5 WS 8 gy jse Olejen Diyso a4 alae Glepw e
Pl 5o Slp e ($98 Gl DLl po) 4 az gl b izen
Slge (nl SVl (ole> 5333 () po3) oy Mo e 13 (2l Ko
@ azg b J3 oldlas 3 mls ol Kes K00 s 5l 3580 ol
O S i )5 4l g ode i (elie 9> 4 adge (09 i
o Jlile ol asdlhas o el aiila 092y oole cpl (SlSeg S
ssbie (nl ln 8,5 ales 8 (c) 9 50 Dlor e (Lol Jpaze

 Molecular dynamics

2 Tobermorite

® Density Function Theory (DFT)
* Force Field

® Calcium silicate hydrate (C-S-H)
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* Geometry optimization
® Smart

® Newton-Raphson

7 Steepest descent

8 Conjugate gradient
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Table 3 Mechanical properties of Tobermorite 14A
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Table 4 Mechanical properties of Portlandite
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Table 2 Molecular dynamics simulation condition
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