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Effect of Pulverized Fuel Ashes on Autogenous Shrinkage and

Compressive Strength of Cement Pastes
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(1. State Key Laboratory of Materials-Oriented Chemical Engineering. Nanjing University of Technology, Nanjing 210009,
China; 2. Department of Architecture and Civil Engineering, West Anhui University, Lu’an 237012, China)

Abstract: Autogenous shrinkage of cement pastes with different contents of pulverized fuel ashes (PFA)
and different water-to-binder ratio were measured by a shrinkage test device. Compressive strength of
sealed cement paste were also measured. The influence of PFA on the pore structures and micrograph of
hydration products were investigated through mercury intrusion porosimetry(MIP) and scanning electron
microscopy(SEM), on which the influence mechanism was analyzed. Experimental results demonstrated
that autogenous shrinkage of cement pastes decreased with the increased contents of PFA at early age (be-
fore 7 d), this may be ascribed to inhibition of PFA on the shrinkage. After 7 d, however, autogenous
shrinkage of cement pastes containing PFA, as well as compressive strength of cement pastes, increased.
This may be attributed to decrease of pore radius and densification of cement hydration products resulted
from the pozzolanic reaction of fly ash.
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Table 1 Chemical compositions (by mass) of cement and PFA %

Material SO; SiO, Fe, O, ALO; CaO MgO K,O Na,O IL

Cement 1.86 21.04 4.08 3.71 64.54 1.68 0.53 0.11 2.13
PFA  0.58 54.70 5.24 28.98 4.48 1.23 1.65 0.45 2.24
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Fig. 1 Particle size distribution curves of cement and PFA
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Fig. 2 Sketch of autogenous shrinkage test
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Fig. 3 Effect of PFA content and water-to-binder ratio on the autogenous shrinkage of cement pastes
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Fig. 4 Effect of PFA content and water-to-binder ratio on the compressive strength of cement pastes

3 MBS

IMERSEAEAE ANEENLER

7K A A 0 L % BT 7 R 4 A T 1 i
LA T P B . SR e S K U S AL 2

3.1

XF 5 BE S ) 43 4 AN /N T 20 nm Sl T H
fL320~50 nm K FAFL:50~100 nm KA HFFL: K
F 100 nm g £ F L. Mehta F ANy 45 1 K g 4

PG BE 538 1 R RS Ak 1 2 L AR 43 A7 T AR L B
R, KT 50 nm (LG F KUK AR i B RS B M



% 6 30

1M/ F 50 nm (14 FL 52 M 7K 8 A4 9 050 46 722 JF R
A5 KR AR B AR AN AL 7K U8 7K Ak B kLR J2 R
TH#E B A P K 43 A0 G L 38 55 7K U8 B b RL P9 R 1Y
FAXT YRR AR A A B4 5 R K YR IR AR o 4 A X
JE 5 AL B Y A5 i T AR 1 OC R AT R Kelvin A 20 (D)
e,

InRH =— 2yV,./rRT (D
A RH A BE (%0 5y KK i 1l 5K J1 (N/
m), 20 C/KMEEHK IR 72. 75X 10 °N/m;V,, H
FLVA W EE SRAR AR (29 18X 10 °m® /moD) ;R K54k
WA (8. 314 J/mol « K) 3 T Jy & %f i 5 (KD 5 R AL
VS VR P 5 YR T AR ()

FE5E B FRP SRR T L B KA I AW R AT L KR
SR B K 5y 32 8 B K AL N LU D B AN T
G NWTHE K ARYE Laplace R sou, K -

Cep = 27ycOS0/r (2)
b0 Ry fal A

WX O M) BEST, a5 2 A X 5 B4
FEZEMXER LR G). 2HEAALIRERS S
Y08 B FURE X 1Y) 56 R DL TR 6.

0wy =— RTIn RH/V,, (3)

=0 (3D FNEL 6 RN, Bifi 25 7K 43 16 7% % 1k K Ul 7k

AR 14 T8 FE 7K U8 S A4 P B AH XTI B AS W7D B AN A
BEARANWIEN B 40 7R R W . 50 nm £L 48 Xt

IR 55 < b R D X 7K U 21 I T 0 R B BE 1 5 T 751
180 S ——— (4
T 190
£ 160 l D/D = Capillary depression
S 140 \ B o Relative humidity 180 ¢
5 120 [b] 170 2
i B 160 2
§ 100 150 g
S 80T, =
N i 140 2
g o0\ 130 &
‘En; 40 :I \"-\ 190 &
20 p .\."Iml\l 110
| | | | f———n-a—n—p 0
0 10 20 30 40 50 60 70 80 90 100
Pore diameter/ nm
K6 fLBR A 15 6 408 5 F0AR XTI BE 7Y ¢ &R
Fig. 6 Relationships between pore diameter and capillary

depression or relative humidity
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Table 2 Porosity of PFA-cement pastes

Capillary porosity/ %

Gel porosity/ %

Sample Age/d Total porosity/ %
=500 nm 50~500 nm 10~50 nm 6~10 nm
1 21.77 1.21 2.54 16. 98 1. 04
3 16. 65 1.59 1.55 12.50 1.01
w(PFA)=0% 7 15.76 1.23 1.52 12.06 0.95
28 13.72 0.91 0. 84 11.19 0.78
90 12.92 0.72 0. 85 10. 95 0. 40
1 28.43 1.42 16. 11 9.41 1.48
3 19. 80 1.48 6.37 10. 40 1.55
w(PFA)=30% 7 17. 84 1. 20 3. 30 11.45 1. 89
28 16. 46 1.11 1. 64 11.74 1.97
90 15. 31 1.09 1.57 10. 67 1.98
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cement pastes
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