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An Accelerated Curing Method of RCC with Pozzolan Based on
Modified FHP Model

XIE Yue, GONG Ying, DING Jiantong , LEI Yinggiang, XU Wenying
(Sinohydro Bureau 7 Co., Ltd., Chengdu 611730, China)

Abstract : Roller Compacted Concrete (RCC) incorporating natural pozzolan was used in Bashan Dam project in
Pakistan. To rapidly estimate the 1 a compressive strength of the RCC, the apparent activation energy of the
composite cementitious material made from natural pozzolan and cement was tested at different temperatures. An
attempt was made to use the Freiesleben-Hansen-Pedersen (FHP ) model to calculate the equivalent standard curing
age(equivalent age) under different accelerated curing regimes. The results indicate that the apparent activation energy
of the composite cementitious material at 70—90 “C is difficult to be measured experimentally. However, based on
the temperature dependence of the apparent activation energy, it can be calculated through univariate linear regression
of the apparent activation energy at 5—60 °C, leading to an improved FHP model. Based on field test results at the
project site, compared to the FHP model, the deviation rate of the equivalent age calculated at 90 °C using the
improved FHP model from the measured equivalent age is controlled to be within 6.7 %.
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Table 1 Physical properties of ASKARI LAC cement

Setting time/min

1

Compressive strength/MPa Heat of hydration/(J-g )

Specific surface area/(m”+kg ')
Initial Final

3d 7d 28d 3d 7d

325 170 230

15 23 34 259 300

%2 ASKARILACKiRHLZME ¥ HRK
Table 2 Chemical and mineral composition(by mass) of ASKARI LAC cement

Unit: %
MgO SO, Na,O+0. 658K,0 1L Insoluble residue C.S C,S C.A C,AF
2.30 1.90 0.55 1.70 0.81 47.10 24.40 3.30 15.80

KR KK Sy BP0 R U 1 Chilas #i X Gini
AR B9 PR AR TE TR R T 0.55 mm (30 H)
B RELAORE J , 28 /N R B ML) P 1 h T g, HE ) B
AE L 2 3 (5% v o JB2 3% 4 48 0, 72 0 3k b Bir A R
SR KB R 20%.) , W 2 ASTM C618—22
Standard Specification for Coal Fly Ash and Raw

or Calcined Natural Pozzolan for Use in Concrete X}
Class N LB 4y BV BE 09 25K o™ By 4L s an 14 1
B, EEH YA PR KA R A N A R
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Table 3 Physical properties of natural pozzolan

) Fineness(residue on
Apparent density/

(kg*m ™ ?)

45 pm square-hole Specific surface

area/(m”-kg ")
sieve, by mass)/ %

Water requirement
(by mass)/ %

Strength activity index/ %
IL.(by mass)/ %

7d 28d

2910 4.7 471

101 0.9 75 77
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Fig.1 Mineral composition of natural pozzolan
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Table 4 Mix proportion of RCC

Amount/(kg-m ™)

w(water

my/ my, my,/mg d V%
Cement Natural pozzolan Water Sand Coarse aggregate reducen/ 7o
0.55 0.21 100 100 110 968 1393 1.5
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Fig. 2 Fitting curves of compressive strength versus
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Table 6 Different accelerated curing regimes

Accelerate curing regime

Accelerated curing method

ACT+7
AC14+47
AC28+7
AC56+7

23 °C standard curing for 4 d+90 °C steam curing for 7 d+ 23 °C standard curing for 3 d

23 °C standard curing for 4 d+90 °C steam curing for 14 d+23 °C standard curing for 3 d
23 °C standard curing for 4 d+ 90 “C steam curing for 28 d+23 °C standard curing for 3 d
23 °C standard curing for 4 d+90 °C steam curing for 56 d+23 °C standard curing for 3 d
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Table 7 Statistical results of RCC compressive strength in practical engineering
Specific .
%Erface Air Binder amount/ . L h/MP
S Water content (kg-m 3 ompressive strengt a
area of
No. Cement type my/my  amount/ (by
natural (kg+m~?) | Y
pozzolan/ grm ) volume)/ Natural _ACT ACI4 AC28 AC56
S % Cement 28d 56d 90d 180d 365d
(m®kg ") pozzolan +7  +7 +7 +7
1 ASKARILAC 325 0.50 110 1.4 110 110 19.220.422.4 23.8 24.2 20.3 23.1 25.8 27.5
2 ASKARILAC 325 0.52 104 1.6 100 100 16.718.521.2 21.8 22.1 19.5 20.5 22.9 23.5
BESTWAY
3 OPC 549 0.53 105 1.5 100 100 17.619.721.1 21.7 22.4 18.5 21.4 22.6 23.6
4 ASKARILAC 325 0.53 105 1.6 100 100 19.021.523.6 24.9 25.9 21.3 22.7 23.6 24.0
5 ASKARILAC 325 0.53 105 1.4 100 100 22.023.525.1 27.1 28.8 24.8 25.6 26.8 27.2
6 ASKARILAC 325 0.55 105 1.6 95 95 15.516.820.521.6 21.9 16.4 18.5 20.4 21.3
7 ASKARILAC 325 0.55 105 1.6 95 95 20.021.923.4 25.1 25.3 20.3 24.8 25.6 26.0
8 ASKARILAC 325 0.55 105 1.6 95 95 18.020.321.122.4 24.3 20.2 22.4 23.8 24.5
9 ASKARILAC 325 0.55 110 1. 100 100 18.921.225.4 25.9 26.4 20.5 24.5 25.8 27.1
10 ASKARILAC 440 0.55 110 1. 100 100 22.424.326.8 27.6 28.8 24.6 27.0 28.6 29.1
11 ASKARILAC 501 0.55 110 1.6 100 100 18.120.623.124.8 25.3 20.5 21.8 23.0 23.4
12 ASKARILAC 571 0.55 110 1.7 100 100 20.822.725.225.7 26.4 22.1 24.8 25.2 25.8
13 ASKARILAC 325 0.55 110 1.4 100 100 18.318.520.7 23.1 23.9 19.6 22.6 23.6 24.2
14 ASKARILAC 435 0.55 110 1.5 100 100 15.416.419.9 20.7 21.4 16.2 19.5 20.6 21.7
BESTWAY
15 OPC 435 0.55 110 1.5 100 100 17.218.219.5 21.6 22.1 17.3 22.4 23.1 24.2
16 ASKARILAC 510 0.55 110 1.7 100 100 16.417.420.7 22.3 22.7 17.9 20.4 21.3 22.4
BESTWAY
17 OPC 510 0.55 110 1.8 100 100 16.217.518.9 20.4 22.5 16.2 20.5 21.5 22.8
18 ASKARILAC 549 0.55 110 1.7 100 100 15.817.820.0 20.2 20.5 18.5 18.6 20.2 20.7
19 ASKARILAC 325 0. 56 100 1.5 90 90 12.113.615.8 16.4 17.1 12.4 15.2 16.4 16.9
20 ASKARILAC 325 0.59 117 1.7 100 100 12.213.215.6 16.4 16.8 14.2 15.7 16.7 17.2
21 ASKARILAC 325 0. 60 105 1.6 90 85 16.517.620.3 21.8 23 18.2 19.6 21.2 21.7
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Table 8 Average growth rates of RCC compressive strength
at different curing regimes

STandard R/Y% Accelerzltfed curing R/Y%
curing age/d regime
56 109 ACT+7 108
90 123 AC14-+7 123
180 130 AC28+7 130
360 134 AC56-+7 135
F9 HESEHUHAEZNERH AT

Table 9 Comparison of calculated and actual
equivalent ages

Accelerated Actual

curing regime /d equivalent age/d Deviation/}
ACT+7 59 56 5.4
ACl14+7 111 90 23.3
AC28+7 216 180 20.0
AC56+7 425 360 18.1
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Fig. 6 Fitting curves of compressive strength versus
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Fig. 7 Pore size distribution of mortars with or without precuring
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Fig. 8 Porosity and pore gradation of mortars with or without precuring at different ages
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Table 10 Equivalent age based on the modified FHP model

Accelerated curing regime l/d Actual equivalent age/d Deviation/ %
AC7+7 53 56 5.4
AC14+7 95 90 5.6
AC28+7 192 180 6.7
AC56-+7 378 360 5.0

R 11 REZKER bb R Bk 4 43 28 A T Y 3R L i 1L B

Table 11 Apparent activation energies at different m,,/m; and cementitious material compositions

[25]

Cementitious material composition my/my, Apparent activation energy/(kJ-mol ')
100% type T 0.41 28.6
100% type I 0.44 34.8
100% type I 0.48 42.3
100% typell 0.37 41.4
100% typelll 0.44 42.9
80% type I + 20% class F fly ash 0.41 25.8
70% type I + 30% class F fly ash 0.41 23.2
80% type I + 20% class C fly ash 0.41 37.8
70% type I + 30% class C fly ash 0.41 45.1
70% type I + 30% slag 0.41 55.7
50% type I + 50% slag 0.41 61.5
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