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N.) N, 5 TS PR B SRR B = R + d/2, R IR K42 d STk E A2

A FEAR SR IR GRS I 2 DL 2, BH3 S VS8R 08 = (dP/dh) 1L,
HKBA R,
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Fig.1 Lennard-Jones potential function Fig.2 A sample P-h curve of loading and unloading in a

displacement-controlled nanoindentation simulation
1.3 HEEEST
HEST oy, 2 AT EESM 1 80 nm,80 nm 40 nm AYPRFUSE a7 f S HEBL (HCP)
T A E B SR NVT F 45, R 3/R BAAH & R FE (V) RFR(V) JREE(T) R veloci-
ty-verlet B9k TFEEIE T B, Hath H iz, i1 E A F .

r(t+ At) =r(1) +v(l)At+%a(t)At2, (3)

(i + A1) = 0(1) +%At[a(t) ra(t+ A0 ], (4)

Her, r(1) ,w(e) Fa(t) HRNFRIETFHE ¢ B2 A0 E 3R FANE R r (¢ + Ar) ,o(t + Ar) FI
a(t + At) SANFRIEFAE ¢ + Ac IV Z0 007 B BRI B, Ae ISR

ARG A 0 3 J2(1813) .55 1 )2 (10~40 nm) 72 Newton J51 72 ;45 2 J2(6~10 nm) J&
PORJEF 2, SR RO i RO R IR 58 3 )2 (0~ 6 nm) B FR T2, B2 3
JZ FETF AR 1R 0, 2847 B G FLA A o,y AR B 2 D AR R v A RSk
BEJE 0.1 nm/ps FIE, FIEEE R 10 nm JIREEE N 2.6 ¢/mL" BRI K 0.01 ps, 3k B
%030 nm .
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Fig.3 Initial module
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Fig.4 The process of C-S-H nano-indentation simulation
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22 BREFEMRZE C-S-HEMXKERIZFRARNEEABDHNENSHIERL

K5 25 1 R C-S-H 7Efi R T IRTREEN 10 nm I 2 Bl 75 161 17 73 70 A P, g R 2%
J¥ C-S-H 7£ z 3705 M W B RS TR 12978 0.8 GPa, IR & C-S-H 7ER 14345 I EUE L 3eA
iEIGIR
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(a) 1R#%5 B C-S-H (b) B9 C-S-H
(a) Low-density C-S-H (b) High-density C-S-H

B 5 55 w0 A ik eI A
Fig.5 Vertical stress distribution block sectional drawing
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&, ELAR S BE /KA RERR B 5 RN BT A B4 88 L o 8 B TR A A TR 85 A DR L )7 T B R, ki
N AR C-S-HL A M 32 R SRS b S (B AL e MR B2 4 1 IR AR A,
23 BEEMRTEKUERSHEREENEES LRHETEHELRE

ARG 1.2 25 I AR RASAU R B3 20 30, 258 2.1 9K TR g ) i) et vl LA
AT 3 i R KA R R B O B JEE (3R 1) RS RO RE (32 2) R L R H  H, 2350 D9 5
H B SERAEMBAUE 32 2 T B, E, 20 BRI B, B9S2 (MU (.

R OBE H RS SEBE X L R2 JORBH E, AR E SR
Table 1  Comparison of hardness values H between Table 2 Comparison of indentation modulus E,
experiment and simulation between experiment and simulation
experiment ! '] simulation experiment! '] simulation
type type
H, /(GPa) H, /(GPa) E, /(GPa) E, /(GPa)
HD C-S-H 0.83+0.18 0.91 HD C-S-H 29.1+4.0 31.2
LD C-S-H 0.45+0.14 0.63 LD C-S-H 18.2+4.2 22.0

BRAYESHE 1A A L (MR C-S-H. R B8 A JRASE /N T 6 2 C-S-H A9 R B2 1R
Ba ) FEAAT 5 SR (EJRRE b A4 25 57380 HE AR, — 7 THT 2 35 R B30 8 L 577 B AN R
SEARAUKACRERRES Y B A Z R K 2, 55 —J7 T2 C-S-H BRERY it 57 B A 2R
T RIHARERIE 1) 73 BICBURIAS UL ) B3 (B 0] BE SEMORS B, (EUR 75 28 SR A T4

3 45 15

RS Ao 4 KA AR TR B DA (ER 8 B T g s 8 A (LR T 5 ELA C-S-H P E K R
J& b BAT SRR TP RE I B BORRL I 5645, s 2> 3 122 05k il ad 45l C-S-H 1 3%
SRR BT BRI PRA B0RL 2 01 B4 AU A B M A A2 R R AT 20 K T IR S IR0 75 HR AL A %
PEFEAS S T 7K A RS (4 A8 A MU | E T R 7K A R A5 A KK e B BUE AT RE 1 — A>3
T3 1) AR RUBE P B ) AR AR DG TR, 9] s Kk e SR  TRIAE mT L) 3k Ao S8 % ok 23 A 411
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Abstract . Calcium silicate hydrate ( C-S-H) is the key component to determine the performance
of the Portland cement based material. C-S-H is a continuous solid material in hydration prod-
ucts. It accounts for 50% ~60% of the hydrated cement slurry volume. C-S-H is the main ingredi-
ent to decide the hardened cement slurry’ s physical structure and performance. At the same
time, C-S-H is one of the important influential factors for concrete structure coherence and du-
rability in macro view. Models became increasingly important to predict the bulk properties of
cement and concrete, such as shrinkage, creep, permeability and cracking. Two numerical
models were presented respectively for the low-density and high-density C-S-H gel phases in ce-
ment paste. C-S-H was introduced as an assemblage of discrete granular particles at nanoscale
with realistic particle-level properties. With the molecular dynamics method, nanoindentation
simulation was performed on each phase. Through control of particle volume fraction of C-S-H
and with the other particle-level material properties kept constant, the results further show that
the indentation modulus and hardness conform well to the law of the data from nanoindentation

experiments in literature.
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