C RV EY H % F A H K X F F Raswwmn Vol.44 No.2
2012 4F 4 A J. Xi'an Univ. of Arch. &. Tech. (Natural Science Edition) Apr. 2012

A

W58 5 7K RS T B B B 5

K, EE 0, D 4k eg
(P @SR R+ K TR 2EB . BvE P54 710055)

W EELSAME NS AR TR SO BB B ST T — S FH DA R K U IR A K T R g A
B A BT SR TR I AROUE A B 1 R s TE AR B K U SBORE 55 7K Ak ™ A 18 BR AR B K U 3R AT BRI L &5 48 2R 3 L
JE R FER b 2 Bk PS5 LA 5 7 A e B 5T B A A ) G0 3 0 K Ak BE AN BTG R B 1 R i Ak K e
H AR 1A RO . A R AR 5 AR 2 R SORE R B0 45 A A K AT B S K U8 K A P A
A AR 5 AR SR 4 2R 2 B R TR T R T R R K U A R S 1 A e A A, LS B A R R S B
A5 R

SRR P IR SCRE Y s K AR 5 7K U A 5 P A i

hESES TV AR E RS A XEHES:1006-7930(2012)02-0177-06

IKUEFER R B0 A B S R BE 1 S IR A ) S M RE IR B N R 2 — B FE K R AR
RSO SR PR A RO T IR BE L AP S ARV RE S ) S MR RE R E 2R S O T SN S AR 1) T
TR e IR BE 1 SRR T A L WA K U A K Al i AR b B M R AL L. TE K A B T KR SR Y iR
PR i 52 3 22 X3 RS2 00 1) KO BE R DR 5 2H I 2 L B A FL A A 5 0 A A AR KR SR AR OK AL
7 B 2L RS 23 AL A K AR A R B 5 M (C-S-FD AR AL 85 1 (CHD R K AR 7K 1 56 3k 26 41 R 3T 4 FY
AL P A SR X B A [ A O P e AR A T L TN A ) 490 A HL 4 T A 7K 8 A Y P A

A+ [ P AN E DI K YR 35 AR S50 P AR 6 D7 T A T K B A, Lokhorst 42 T — A JZ-FF AL JF
ENL T — T Al K e MR Y 2 G BT L KT T2 RS B JZ Y IROR AL 2 03 14 A2 A [] I AR B 2% 1 20 £
A AT T K Y SRR KA BE 1 56 AR L B L iR DR 25 A 2 AU O 2 A A5 S OK R UKL Y
2R IBARAH 22 AR K. Haecker 45 NI BRITASE BB 5 /K U8 5 0 1y s P ASE 0 L 3205 125 1T LA T) 2% 1K
LI IR B 1 1 K e BURLRE JBE 7 A K FLBR K 55 o 05 I Bk B I A5 B 0 45 R B 4 B (ELE LR
B3 T I 2% S B O PP R BB A [ N L 2R VLA DR AR R T — T 8 S A 7 Ak 38 A 1) 40 UL g = A
B AR K YR KA A0 A — T A BT T LAASALRE fh 2od A e K D8 i S AR A RS A X 7R 8 R
oK HL BT AR 2 BB PE B IR X s ARAR . MEYER Christian &2 & 48 ) 22 BOE FLA £L A B
SEHNL T A A K PR SR A B A e 0 0L g A A AT DA ADLRE A S 114 K e AR S AR (ELRE R Y
fECIAE B BEAEL 0] i ST 2k S P A o LU 5 K e AR LA P T X T i AU DR JRE ke

A SR A B A 7K Y P 350 1 A 11 00 SO0 g A A TR R K 8 3R K A e R b T A L i L L AE F
IR SCRERLRER b WA J5 300 A K DR 3 5t M A i 2 36 ) DU 300 A% 800 9 B0 300 ) 7K 908 3 1 A P A
S 2T A 5 R ) BB S K U8 AR L A e R R A R ST A BROUE ) 2 08 R Ak O L 5 R T K
VSRR AT /K A 2 e v 25 Ao 52 B 90 DR SR A9 1 T L D B A e

1 A F 5

1.1 KEBKELENITE
TEKPEKAL A AR DU FD 29 C,S.C.S.CoAC,FA G 3d 40 P 8L I i 1) — Rk 2403

s B #:2011-07-19 e EHE:2012-03-15
HEEWB PG4 B o % B3 H (2011K10-20)
EE BN AKIIA963), B pEEHA, 4, 2. 0 rnh AR TR#ES S S H.



178 [T S A SN O B SCE Y oY 844k

B L C-S-H #1 CH Jy T 2R 9K A7 ) (N BEIED . Bl 7K Ak 7™ ) 35 JIC T 1y 38 J52 . 7K A 3 32
1558 Dok 22 » L BRE IS S T 1) K A R A K P R0 R 2K TR R 18 18 I AR B DR Aot i 3 T PR 09 AR A

o7 4 e 0 L BT B K R 3 1 5 A T AL
2 SCHR A AR B AN A = 5 47 2H R B K IR i o o
S 7K U8 e R FL IR 5 K U8 R 2 R % 15 ER Y o O
O O

R T KR I BT TR IR 2 bk KL LR (o Mo
it 7 B 7K 8 15 7K B 9 2 K A )

ﬁﬁ%ﬁn@ 1. Xﬂ‘ﬂ:zlgiﬂéﬁéa igﬁ:%,ﬁéﬁ (c) lgj/l\-EQ (a) The early hydration (b) Cement particles around the
Ej (d) IZJ/I\E/Q.E,(J ‘«j‘%‘lﬁ’:*%i , ﬁzﬁ(a) —I:J (b) I-g)/l\&%ﬁﬂ( ?}Eﬂ( process formation ofgel layer

Kk
B
7K
kL

AR R A A o R i AR O

FE K PE KA Bh 1 2 v, A U8 0k 1R A Bl AR 5 N
R ERTE - FLAE K AL o A8 b 22 0k A 5 18 s g L 9 1
TE AR = AN B AR R K AR R 0 43 R 5 S A L
S e AR 8 AN B B A K AR A7
H K TRTR A A RHZ T e LRl SB M (W1 8E) L BEJS BET2 (o) Gel in the tangent status (d) Gel in the intersecting state
P RE AL 7 AR SR . R A2 0RO PR AE B AR K B 1 kAR 8 2 A B
VeI 25 H T BT FLA. SCHRE6 17 /K A A 78 v 422 1y Fig.1 The microstructure model of Cement hydration
TRKAERE 6. (0 FESLBRE ¢ (0 BHEISITHE
YN

(Occm (w/() 7 (f‘cxp + ‘Occm CS )(l

B (1) = S S8
oy e @/ — foga

b (1) ]~+{0ccm(w/(f‘> (2)

g = 17« (3)

1+ peem (w/ ©)
w0/ KK sa IKALEE 3 peen HIKVR HEEE 5 [ 7KV AR BRI i 2R 555 CS O B 5T 7K
P20 4 s (0O KR IKAL R, (D) HHY 00 CSa/ (1 + poen (w/ ) FRNTEZ B FZY 54T th THb
S VE AR EiES
SCHRLE ] A TE %8 B T 0 2600 o |l Tk VR Ak 22 00 i 7 26 19 6 A AL A5 S B K 9 #b 78 K Jfe 5 7K I 25
T A5 7K Ak S N 98 2% BRI 28 5 () L (5) 11 KAk 3 R B0 15 B K AL o (0) -
da ¢, (1)

a& = k1¢,~(t)g[}(l‘) . (D) )
F2 (1) (3) (EAR (), B A7,

de _ , (B—a)’—a)

TR (5)
S o kl(f‘cx})"f(()w;;z(/‘S)Z 74‘0(“”— ﬂ ‘7(@ 2 N A e R .
ArfteA = B = e |0 C= e |y B R BRI 1%

S e [1 + o € (ﬂ)}

RS SR i B A A T AR A
1.2 BUKEREEEEENITE

AR SCHRLL L 3 TR 58 BURTE R 36 3 14 d S8 AT 7K P 5 1A B 2 e S B A JC O 58 4 i 1
T ARE (A G183 AT OG22 35 0 7K U8 45 A 21 o SV B 1 BIF 5 45 SR AT BT AN ) (ELR 30 A — 52 1
Pl 2 P9 MR AR SCRIR L L 5 3 PR K U835 1A 25 A AL 00 i SR PR AR 9 T3 1 i,



%z B 1458 <0 I K U8 R G P BB 5 179

x1 BEUKERESZSITESHEERE

Tab. 1 Elastic properties of the constituent components of the hardened cement paste

Elastic moduli Anhydrous cement C-S-H(Drained) C-S-H(Undrained) CH
Bulk modulus K/GPa 113.0 15.2 18.3 40.0
Shear modulus G/GPa 53.6 9.6 9.6 16.0
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Fig. 6 The effective elastic modulus curve of concrete
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Elastic modulus research on initial setting of cement pastes

HU Chang-ming » WANG Yu-zhou, MA Ji-ming

(School of Civil Eng. , Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract; According to the theory of composite material mechanics and the Kelvin model of rheology, a model to describe

the hydration of cement pastes an earlier stape is established. The premise of this model is that the shape of the Cement

particles and hydration products is spherical and the pore structure shaped by the Cement paste is like the shape of hole.

According to Linear theory and Elasticity theory, the effective elastic modulus at the time past and the degree of hydration

increasing is also studied. Finally. with the rheological Kelvin model theory, the elastic modulus range equation of cement

pastes is wethdrawn., The results show that the model is applicable to describe elastic modulus variation about the initial

setting of cement pastes, and the variation and accuracy is in good agreement with the data of the literature.

Key words: Kelvin model; degree of hydration; cement paste; modulus
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