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Abstract: As the main component of harden cement paste, the modeling study on the nano scale microstructure of
C-S-H is one of the key approach to the composite design and performance prediction of cement based materials. In this
paper some classical abstract model of C-S-H and the model based on the electronic microscopy morphology are intro-
duced, the interaction of C-S-H and water is described to interpret the mechanism of the shrinkage of cement based ma-
terials. The development of the models of Jennings school and the characters of those models, the interpretation of the
shrinkage mechanism of cement with those models and mathematics-physics models of shrinkage are also reviewed. A
UIUC model base on the nano morphology of C-S-H is introduced. A good nano scale model of C-S-H must be corre-
spond to the morphology of C-S-H, so to find the comprehensive and intrinsical characters of C-S-H morphology and
build a model that can interpret the macroscopical performances is very significant to study the shrinkage and cracking
of cement based materials.
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Table 1. The nano scale models of C-S-

pH(20.15-18]

= 1. C-S-H GyR L iR o1s-18]

Name of model Primary Experimental Basis Type of Model Selected Characteristics of Model
. All products are gel, Particle radius, 14 nm, Gel
Powers (1954) Water sorption Volume of pores gel pore volume, 28%
Powers-Brunauer (1958-1962) Water Sorption delaying 2 - 3 layer Structure changes upon drying

Feldman-Sereda (1964)

Nitrogen sorption Length vs RH Modulus

vs RH Weight vs RH

Wittmann (Munich model) (1976) ~ Modulus vs RH

Crumpled and folded layers with interlayer water

Layer like clay reversibly removed upon drying

Colloid Structure not defined

=) 0050%880 89[—:_?,_\‘2000‘,0&
) 0 ) Q%0
LAY > (<)
c 32 2%,
o C °o Q.
(=) ©

o

(b) (d)
x Water in interlayer regions C-S-H sheets

© Water adsorbed on surfaces FZZ4 C-S-H particles
C Capillary pore (no designated structure)

. C-S-H spherical particale
(a) T.C. Powers model (1954)
(b) Powers-Brunauer model (1958-1962)
(¢) Feldman-Sereda model (1964)
(d) Wittmann (Munich model) (1976)

Figure 1. Scheme diagram classical models of C-S-H

1. JL#h C-S-H EERERREE

JAIEIEEA 1.4 nm [ FOIREEH, KA MRS AAE, —
Pl 222 Gk, — R Z R M B Rk !,
BERIAT DL C-S-H HIJZBIIHRALN. /). Wittmann
FUFR T I8 5 A “Munich model” (F%)E BARAY), wf
PRI SR A4 T 5 R P I R R R AR AR AR Ak DL S A
JEE 55 S A R B) 5 AR ARRE, W C-S-H 2 —Fhibfic
(xerogel ) UKL B 1) = HERTORL WY 28 S 44, 47K 432k
(RO AR T 50%) )5, MURL (8] oAl BLR Ak, e
203 IT, BRI R R AR ON, ) AR TR 7K 0 51 RS K

Copyright © 2012 Hanspub

T4, IXFPARRALIE A] DR 24 VR Bk - AE TR /K 5 98 B2 A
SRR B 1 PR A1

JH AN Feldman-Sereda A5 74 52 — Ff i [ i 119
Powers-Brunauer %Y, AN C-S-H J& — ML) F I HE
B, FHA—ER 2~3 )7, T HZEKIFA—EX R
S5 GIK W AT RE RV ERIR 7K . Feldman 1) FH iX F
b 1 AL 2R 45 ) R AR ALE K A R 7K VI SR Ak 1) T 4
FEAKE AR 2)18, KR 3 A i i RN 2
KRk, ERRMKE, KR <RE
BRI S B 2 o AETK VB IR AR K AR E AN ]
AT BEAR L R I AN R LB, 38 B B4k
73+ PRELR AR m gk A5, /e AL A 3,

TEAHXHREE N 100%~45%H, B4 77 S E0R
K4 EZE R A, B AR R PR, ROk R
AHFLALARIZHT R, H T Bl s 77 38 o 5 ik 4
B ST T RE(D) A -

_27/_ln(RH)
P r B K

P, (1)
PCap %%?Hﬂ}fﬁ, Y %%ﬁﬁ%y RH Z%*HX%?EKE’ r
RTMILER, KW
TE 100%~45% T 3 BURAREIK 48 10 55 4 —Fh 2
PREOE 7, PIASZRTH 8] B FF B S vl B FE(2) R
1(6G
=% ”
A I, BFEUE 7T A RFHEEMEA: G
Gibbs fig, x ZHEES, T, V, A 2R, AWK EA
HIE -
MY AR BN T 45%)5, 2 A WA fa
TE, FARIVRIK 48 W) 52 R TH Re 4], [EAARER B
T 52 W B 3 THT A 9 T R T K 0 B T A2 B



C-S-H GK R S5 MBI 7¢ 5 YA LR AT S 3k Fé

XX XX XX saturated ‘

Desorption

Adsorption

X XA XX

XXX XXX Saturated

\J

Figure 2. The transportation of water and the volume shrinkage
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Figure 3. The mechanism of the cement paste shrinkage
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Figure 4. The model of Clukhovsky on C-S-H?
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Table 2. The structure of C-S-H in micro meter scale!®®

& 2. C-S-H BIRCK R E 254

Description early period middle term Late period method/researcher
code E 0 ! 3 4 HVEM, TEM, STEM,
. . . . SEM/H. Jennings
morphology Flakes and foils Amorphous gelatinous  needles  Interleaved and interlocked foils ~ Featureless bulk

code 11

morphology Honeycomb network

I 111

Fibrous being up to 2 pm Equant grains around 300 nm

v
SEM/S. Diamond

Featureless bulk
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