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Abstract. The computer simulation study of Portland cement blending confirmed the major 
mechanism to be size segregation in the Interfacial Transition Zones around the aggregate particles. 
Fine particles tend to move through the skeleton of larger particles towards the surface of the 
aggregate grains, improving local density. But the most interesting feature is a disproportionately 
larger internal bond capacity (based on van der Waals forces between nearby particles). In this 
contribution, we have isolated the mechanism of internal diffusion capacity of particles, on which 
blending efficiency relies, for a simulation study on the migration of fine sand particles into the 
network of coarse aggregate grains. The influences of technical parameters (including gap in size 
between fine sand and coarse aggregate, as well as the workability conditions) have been investigated 
on the migration capacity of fine sand particles. This paper will report briefly the outcomes of this 
computer simulation study on aggregate mix systems. 

Introduction 

Portland cement (PC) is contributing worldwide by about 6 % to carbon dioxide production, thereby 
increasing the risks for global warming. Moreover, production requires large amounts of fossil and 
electrical energy, and precious raw materials. This violates energy conservation requirements and 
leads to excessive destruction of natural landscapes. PC blending with mineral admixtures has been 
experimentally demonstrated to offer promising solutions to economical and ecological aspects in 
concrete technology by significantly reducing PC demands and by making use of cheap mineral 
admixtures that can be obtained from waste. We have envisaged the use of the abundantly available 
agricultural waste, i.e., rice husk ash (RHA), kaolin, diatomite, and mine tailings for high 
performance concrete (HPC), revealing quite favorable results [1,2]. 

Of special interest are outcomes of fine-ground RHA combined with PC ground to two different 
finenesses. Concrete with the finest PC, either plain or blended, yielded the highest strength levels, of 
course. However, the concrete based on the gap-graded combination of coarser type PC and 
fine-grained RHA turned out to be the most efficient one [1,3]. It should be noted that gap grading in 
the present context is referring to the gap between the size distributions (grading) of composing 
particle ranges. As a result, very significant portions of the PC could be replaced by RHA without 
strength reduction. These experiments were supplemented by a computer simulation study with the 
SPACE system. Realistic simulations of densely packed particle systems can be achieved by SPACE 
since it is based on a so-called concurrent algorithm [4,5]. The computer simulation results confirmed 
the major mechanism to be size segregation in the Interfacial Transition Zones (ITZs) around the 
aggregate particles. Fine binder particles tend to migrate through the skeleton of the larger ones 
towards the surface of the aggregate grains, improving local density. But the most interesting feature 
is a disproportionately larger bond capacity in the ITZ (based on van der Waals forces between 
nearby particles) [5,6]. This mechanism has been demonstrated by computer simulation to be 
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effective only under favorable conditions, whereby the amount of the compaction energy and the 
duration of this process in combination with a sufficient level of workability are key factors [7]. 

Research results obtained independently in the USA [8] and Israel [9] demonstrated inert mineral 
admixtures (carbon black in both cases) to yield significant contributions to strength, whereby the 
physical portion can exceed the chemical one. A preliminary conclusion that could be drawn is that 
inert (chemically stable) waste of which the particle size range is properly gap graded with respect to 
that of the PC could be an economic and ecologically favorable solution, particularly in the low water 
to cement ratio range (hence, for the production of HPC). Therefore, we are presently conducting a 
computer simulation study in which we focus on the internal diffusion or migration capacity of 
particles, particularly considering the effect of gap grading. This paper will report briefly the 
outcomes of this computer simulation study. 

The SPACE approach is size invariant, so that investigations on bulk efficiency of mixing sand 
and coarse aggregate in the millimeter range will be analogous to that on cement blending in the 
micrometer range, the subject of prime interest in this paper. Of course, packing efficiency in the ITZ 
can be associated directly with the mixture characteristics of sand and aggregate near the container 
wall. Data on the effects of variations in the particle size distribution (PSD) on the compaction 
efficiency (and thus on strength) are more readily available on millimeter level, and can thus be 
employed for reference purposes. We have also investigated experimentally and by computer 
simulation the sand accumulation capacity in bulk of different coarse aggregate mixtures, indeed 
revealing the PSD to exert significant effects [10]. On meso- and micro-level alike, packing 
efficiency requires migration of smaller particles through the porous spatial network of the larger 
particles. The “pores” in this system are governed by the PSD of the coarse particle component and 
by the extent of gap grading. Therefore, in this paper, the capacity of fine sand to migrate through the 
network structure of coarse aggregate grains under different technical conditions is studied by means 
of computer simulation with the SPACE system. Three coarse aggregate mixtures of different particle 
size distributions (PSDs) are simulated. The migration capacity of fine sand is studied as a function of 
the size gap between PSDs of sand and coarse aggregate grains.  

 
Materials and Modeling Approach 
Sagoe-Crentsil et al. [11] studied the mechanical properties of PC-based concrete cylinders  
(continuously stored under moist conditions for up to 365 days) made with recycled coarse aggregate. 
Data on PSD for the coarse aggregate used in their experiments are approximated as much as possible 
and denoted as ‘recycled’ series in this simulation study (size range 4-16 mm). A coarse aggregate 
system of Fuller-type size distribution (indicated as ‘Fuller’ series) is designed in the same size range 
and simulated for comparison purposes. In addition, an aggregate mix of Fuller type size distribution 
(marked as Fuller-A) is simulated with a wider size range, i.e., between 4 and 19 mm. Size of the 
simulated sand particles is ranging from 0.15 mm to 3.25 mm, with a mean diameter and mode 
diameter of 0.99 and 0.70 mm, respectively. The mass ratio of fine sand to coarse aggregate is 0.5, 
yielding a sand/aggregate ratio, s/a, of 0.33. The simulated mixes of coarse aggregate and fine sand 
are referred to as ‘recycled+sand’ and ‘Fuller+sand’ series in what follows.  

The simulation procedures start by generating aggregate grains in a cubic container with rigid 
boundary conditions, yielding a dilute system with a relatively low (10 %) initial density. Thereupon, 
the system of particles is subjected to a dynamic mixing algorithm that is implemented in SPACE. 
This is accompanied by a continuous decline in container size until the desired density is obtained, in 
the present case a volume fraction of 40 % aggregate grains. Next, the container size is enlarged with 
the compacted aggregate in the center (Fig. 1a). The second step is the random generation (within the 
container) of fine sand particles in the space around the densely packed coarse aggregate grains. 
Finally, the mixture of sand and coarse aggregate is subjected in the gravitation field during size 
reduction of the container to the aforementioned dynamic mixing algorithm until the ultimate volume 
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fraction of total aggregate is 65 % for all the investigated mixtures. Fig. 1 provides a schematic 
description of the simulation procedures at the intermediate stage of generating sand particles (Fig. 
1b) and at the final stage after dynamic mixing (Fig. 1c), respectively. On a macro-level, the model 
material can be considered as aggregate grains dispersed in a cement matrix. On meso-level, the 
SPACE system allows direct evaluation of volume density gradients in separate size fractions due to 
migration of the sand in the coarse aggregate skeleton. 
 

 
(a) (b) (c) 

 
Fig. 1  Schematic description of the simulation procedures with the SPACE system. 

Diffusion Capacity 

Mechanism of Gap Grading. Under good workability conditions, fine sand particles can easily 
migrate through the network of coarse aggregate particles, thereby promoting the development of 
uniform density in bulk (resulting in improved strength level). The finest particles compensate also 
for the deficit left by the larger particles near the surface of the container (the so called size 
segregation effect). Section patterns of model concrete made with sand that migrated in the gravity 
direction into the coarse aggregate structure are taken at different distances from the top surface of the 
sample, visualizing the gradient in dispersion characteristics of the composite particle structure. The 
PSD of coarse aggregate is expected to exert significant influences on the diffusion capacity of the 
fine sand particles. When the gap in size between sand and coarse aggregate is larger (i.e., in cases of 
coarser aggregate, or finer sand), the aggregate mixture will lead to larger ‘open spaces’ between the 
grains, which are more easily accessible by the sand particles without increase in overall volume. In 
contrast, a finer aggregate system contains larger number of small grains, which subdivide the open 
space into smaller and less accessible spaces [12].  

Effect of Gap Grading. The influence of the magnitude of the size gap between coarse aggregate 
and fine sand particles on the mechanical properties of model concretes will be discussed in what 
follows. Gap grading activates the mechanism of ‘migration capacity’ of fine sand particles into the 
network structure of coarse aggregate grains; or, analogously, of the fine particles of the mineral 
admixture into the network structure of the coarser grained Portland cement. The result is a denser 
particulate structure and an improved strength level. The inter-particle (van der Waals-based 
physical) bond strength is supposed governed by a stereological spacing parameter, the so-called 
mean free distance between particles (denoted as λ in standard stereological literature [13]). By λ the 
average of the uninterrupted surface-to-surface distances between all neighboring particles in space is 
defined. Global bond strength in this study is assumed proportional to λ-3, in agreement with earlier 
research efforts [5,6], and reflecting its van der Waals’ type background.  
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Figs. 4 and 5 present the volume density gradients of aggregate, as well as the global bond strength 
of model concretes made with different aggregate mixtures. Fig. 2 reveals clearly the effects of the 
PSD of coarse aggregate grains on the migration capacity of the fine sand particles. Compared with 
the model concrete of Fuller type size distribution (‘Fuller+sand’ in Fig. 2), the concrete made with 
‘recycled’ aggregate yields a denser inter-phase layer adjacent the container wall (Fig. 2a). Even 
more pronounced, however, is the improvement in bond strength (represented by λ-3) in this layer 
(Fig. 2b). This can be attributed to the larger size gap between coarse aggregate and fine sand in the 
case of ‘recycled+sand’ aggregate. Analogously, the disproportional strength improvement due to 
migration of fine (mineral admixture) particles into the ITZ is depicted.  
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Fig. 2  Influence of particle size distribution of coarse aggregate grains on the migration capacity of 
fine sand particles.  
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Fig. 3 (a) Section pattern of model concrete made with ‘Fuller-A’ mixture, taken at the specified 
distance from the top surface of the sample; (b) Comparison of global bond capacity between the 
model concrete made with ‘Fuller-A’ aggregate (size range between 4-19 mm) and that made with 
‘recycled’ aggregate. The gray zone is defined as the migration capacity of fine sand particles for the 
‘Fuller-A+sand’ aggregate mix.  
 

A comparison in global bond strength is made in Fig. 3 between concretes made with ‘Fuller-A’ 
(size range between 4-19 mm) aggregate and with ‘recycled’ aggregate. Obviously, a wider size 
range in the Fuller-type coarse aggregate (yielding a bigger gap in the median size values with the 
sand) helps to counteract to some extent the deficiencies associated with Fuller type size distribution 
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(comparing Fig. 2b and Fig. 3b). Hence, the bond strength in the inter-phase layer of concrete made 
with ‘Fuller-A’ aggregate is by this mechanism increased to almost similar level as in the concrete 
made with ‘recycled+sand’ aggregate (see Fig. 3), despite migration capacity of the fine sand still 
being inferior (Table 1). The thickness of the inter-phase layers near the container wall with 
significantly improved bond strength (attributed to the migration of fine sand particles) is in all cases 
about 6 to 8 mm. In earlier simulation studies [5], we had found the ITZ thickness for bond strength 
improvement to increase at reduced water to cement ratios in the HPC range, despite reduced 
migration speed due to enhanced particle density. Sufficient time is therefore required for full 
exploitation of the size segregation phenomenon. Fig. 4b and 5 suggest incomplete exploitation of 
size segregation capabilities. 

The present and earlier simulation results on millimeter and micrometer level reveal that the 
migration capacity of fine sand is an increasing function of the size gap between sand and coarse 
aggregate. The migration capacity can be associated quantitatively with the enhancement in the 
thickness of an inter-phase layer in which bond strength is increased compared that in bulk material 
due to size segregation (Figs. 4b and 5). This is particularly so in the HPC range. An example is 
elaborated for the case indicated in Fig. 3 (‘Fuller-A+sand’ aggregate mix). The obtained migration 
parameter given in Table 1 (expressed in mm-2) incorporates the absolute value of λ-3 as well as the 
migration depth of fine sand particles into the network of coarse aggregate grains.  

Evaluation 

Table 1 summarizes properties of the model concretes, and gives the PSD parameters of the different 
coarse aggregate systems. The size gap with sand is for ‘recycled’ aggregate mix 11 % larger than for 
the ‘Fuller’ system, leading to a value of the migration capacity 65 % higher than in the latter case. 

 
 Table 1  Properties of concretes made with different types of coarse aggregates 

 
Coarse aggregate Recycle

d 
Fuller Fuller-A 

Size range (mm) 4-14 4-14 4-19 
Mean diameter (mm) 9.28 8.46 11.67 
Median diameter (mm) 8.88 8.05 9.24 
Mode diameter (mm) 11.15 10.65 15.47 
Gap in size with sand (mm) 8.29 7.47 10.68 
Global bond strength (λ-3) in the surface layer 
(mm-3) 

10.89 5.52 9.95 

Global bond strength (λ-3) in the bulk (interior 
part of the sample) (mm-3) 

1.85 0.81 1.77 

Migration capacity of sand particles (mm-2) 437.94 165.13 213.00 
 

This confirms that the PSD of coarse aggregate and the gap in size with sand are the most 
important technical parameters affecting the migration capacity of fine sand particles (providing 
conditions to activate the mechanism of size segregation are optimized: intensity and duration of 
compaction, workability). The Fuller-type size distribution is relatively uniform (with similar volume 
fractions of particles in each class of the size range), yielding smaller values of mean and mode 
diameters than the ‘recycled’ aggregate system. It should be noted that computing time restrictions 
impose significant limitations to the number as well as the size range of coarse aggregate grains in the 
simulation study (due to the significantly larger number of fine sand particles that have to be 
generated in proportion to the mass of coarse aggregate). Hence, the positive effects of the gap 
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grading mechanism can be expected much more pronounced in practical situations of concrete 
production. 
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Fig. 4  Comparison between the admixtures made with ‘recycled’ aggregate in the case of different 
workability conditions.  
 
 

For mixtures with similar volumetric mixture proportions and workability, no significant 
differences in the 28-day compressive strengths of concrete made with commercial recycled 
aggregate and normal weight natural basalt aggregate concrete were reported [11]. Workability of 
concrete is associated with the dosage of superplasticizer. It was demonstrated by the present authors 
in the earlier mentioned study on RHA-blending in concrete that the fine RHA particles cannot 
migrate through the network of large cement particles under poor workability conditions. As a result, 
the gap-grading mechanism is not exploited for improving the microstructure in the interfacial 
transition zone (ITZ) [7]. Concrete workability can be simulated in the SPACE system by specifying 
a so-called coefficient of restitution (denoted as e). This defines the energy dissipation during the 
dynamic generation stage of particle packing. Fig. 4 presents a comparison between the admixtures 
made with ‘recycled’ aggregate (volume fraction of total aggregates is 65 %) in the case of good 
(e=0.95) and poor (e=0.1) workability conditions.  It is clear that the global bond strength 
(represented by λ-3) remains relatively low throughout the sample in the case of insufficient migration 
of the sand particles. In contrast, dense inter-phase layers can be achieved (Fig. 4a) when the internal 
migration mechanism of sand particles can be optimized (under circumstances of suitable amount of 
compaction energy and length of the compaction process, and proper dosage of superplasticizer), 
leading to favorable strength and durability effects. Moreover, disproportionately larger internal bond 
capacity (based on van der Waals forces between nearby particles) is revealed in the surface layer 
(Fig. 4b).    

Conclusions 

This paper presents the outcomes of a computer simulation study with the SPACE system on the 
migration capacity of fine sand particles into the network of coarse aggregate grains in concrete 
production. Due to scale invariance, the results can be equally applied to cement blending case. The 
gap in size between fine sand and coarse aggregate has been found to exert significant influences on 
the migration capacity of fine sand. A larger size gap promotes the easier access of fine sand particles, 
which improves the density of material structure and, in particular, yields disproportionately 
enhanced bond strength in the inter-phase layer of model concrete. This is associated with the 
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mechanical and durability properties of cementitious materials. The gap grading mechanism 
underlying the positive effects of the gap graded aggregate mixture should be fully exploited in 
concrete production practices. On the one hand, this has been demonstrated by computer simulation 
to be effective only when the internal diffusion mechanism of particles will operate. This depends in 
the first place on the compaction energy and the duration of this process, in combination with the 
proper workability level. Hence, workability and production conditions must ensure in practice the 
full exploitation of the migration mechanism.  
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Abstract. In this paper, the main characteristic of definition, property, requirement of raw material, 
mix proportion design and performance improvement of high volume fly ash concrete (for short 
HVFAC) are summarized. The applications of HVFAC in dam, highway, building and port are 
introduced. The research results have shown that HVFAC have outstanding properties of physical 
mechanics, but some problems need to be further studied. It is believed that an operable strict 
corresponding technical criterion would be set down as soon as possible for engineering practice.   

Introduction 

Recently, high volume fly ash concrete (for short HVFAC ) [1] increasingly mature, and  is 
extensively applied step by step in bridge engineering, highway construction, water conservancy 
project, building construction and port construction. 

The history of HVFAC is short, HVFAC was studied and used by Britain’s Dunstan etc. from 
1979, the study of HVFAC is further advanced by Canada’s Malhotra etc. from 1985. 
From the development of HVFAC, application technology of HVFAC is largely advanced by two 
main factors which one is the building dam technology of RCC and other is increasingly popularized 
about water-reducers, especially superplasticizer in 1970s. 

From the meaning of developing HVFAC, the notion of HPC, HVFAC and 
environmental-acceptable lower cement concrete is methodically combined, and for developing three 
nations implication, going to a new type building material and green building material way, has 
guidance meaning. 

From the benefit of founding HVFAC, there are outstandingly effect in some aspects such as the 
raise of fly ash application technology, the heightening of comprehensive utilization benefit, the 
increasing of both supply and demand benefit, the enhancement of environmental protection power. 
It is therefore of the triple benefits. 

The development of HVFAC, hence, is a road of sustainable development and the embodiment of 
technical route of a new type environmental-acceptable concrete of green building material. To 
economize energy, improve environmental protection and control pollution, efficient eliminated 
industrial waste residue, have walked out of a good new road.  

Definition 

HVFAC has been not a unified definition yet now. Reference [2] deems that the implication of 
HVFAC is according to replacing cement ratio about 15 % with fly ash to decide in our country. i.e. 
replacing cement ratio above 30 % (including 30 %) mixing concrete is defined as HVFAC. But 40 
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percent fly ash is defined as upper limit in many state standards or regulations, the quantity of fly ash 
in concrete do not exceed 40 percent stipulated in many cases. Therefore, Reference [3] deem that 
above 40 percent fly ash in concrete defined as HVFAC is suitable. Some researchers suggested that 
the concrete may be defined as HVFAC while the quantity of fly ash exceed of cement in 
cementitious material, i.e. the quantity of fly ash is more than 50 percent. Reference [4] suggested 
that the quantity of fly ash in HVFAC must be 50 %～70 %, namely the volume of fly ash is larger 
than cement in concrete. 

Reference [5] defined HVFAC is a new type material. It is deferent from ordinary concrete, which 
is even through a large quantity of fly ash. It is including follow as properties: 1) According to 
construction demand to mix concrete, which does not regard as reference from a uncontant fly ash 
mixing ratio on concrete, using same quantity of fly ash instead cement; 2) Due to fly ash to 
cementitious-water ratio is more sensitive that cement to, it demands to use chemical admixture 
or/and mechanical (e.g. vibrating and rolling) ways making cementitious-water ratio as decreasing as 
possible, the function of fly ash produced strength development is appeared in advance, therefore, the 
demand of the design may be satisfied by mixing 28-day or other designed age in concrete; 3) This 
result is that the quantity of fly ash is seriously increased than ordinary concrete, and the effectiveness 
of fly ash is not fully elaborated, it is therefore obvious in economic profits. 

Present Conditions of the Research 

Raw Material Demand 
There are no special demand in HVFAC for cement and aggregate, which one generally similar with 
ordinary concrete. HVFAC need to mix superplasticizer in order to mix the concrete of the good 
property. With mixing superplasticizer the air-entraining agent is mixed in order that mixture in 
concrete has suitable air content and improve the properties of concrete. 

Reference [6] believe that HVFAC is most different from ordinary concrete in raw material is that 
large volume fly ash is mixed. Britain’s Dunstan deems that not the quality of fly ash and the 
variationality of its quality is important. Low quality fly ash may mix the concrete of the good 
property so long as the variationality of its quality no marked. Canada’s Malhotra used eight  kinds 
American fly ash does study of HPC, their 45μm residue on sieve is 17 %～32 %, and only attained 
China’s standard of Ⅱor Ⅲ fly ash. 

Reference [7] results have shown that low quality fly ash concrete may develop same mechanical 
property with ordinary concrete in reinforcement bending structure, and the common workability of 
concrete and steel reinforce bar is not affected by low quality fly ash. Meanwhile, Reference [8] 
results have shown that high volume low quality fly ash in concrete may largely improve chemical 
resistance. And Reference [9] deems that the flow and strength in concrete are affected remarkably by 
the fineness of fly ash in HVFAC, which the flow and strength in concrete are raised while fly ash is 
finer. 
Research of Mechanism 
The degree of alkalescence for HVFAC will remarkably cut down because of fly ash using up 
Ca(OH)2. If the degree of alkalescence in concrete dropped to below 11.5, Fe(OH)2 is dissolved, and 
cause steel bars passive film decrease to drop the character to protect reinforcing steel bar against 
corrosion. Besides, low degree of alkalescence inconcrete may drop the chlorine ion diffusion 
resistance. What’s more, as will be seriously inadequate for Ca(OH)2 which is depleted in the process 
of natural carbonation in concrete. So carbonation resistance of HVFAC may cut down. Though 
carbonation resistance is related to many factors, it is one of important factor for carbonation using up 
Ca(OH)2. It is therefore profound to properly raise the degree of alkalescence of HVFAC in liquid 
phase. Reference [10]’s results have shown that the degree of alkalescence in HVFAC for porosity 
liquid phase compare with ordinary, obviously dropping after 7 days, 200 days approaching 11.5 
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about critical value, the degree of alkalescence is obviously raised by mixing lime powder and 
Na2SO4 in the same strength even increasing. 

Table 1’s results have shown that after mixing lime powder or Na2SO4, 100 days and 200 days the 
degree of alkalescence is differently raised in fly ash concrete, but after lime powder and Na2SO4 
mixing together, the degree of alkalescence approach that of ordinary concrete. 

Table 1  The effect of mixing lime powder and Na2SO4 on the degree 
of alkalescence in fly ash concrete for liquid phase 

pH value Cementitious materials 
(cement+ fly ash + lime) /% 

Na2SO4 
/% 

Mixing ratio 
(CM:W:S:G)＊ 3d 28d 

100+0+0 0 12.12 12.10 
50+50+0 0 11.65 11.60 
50+40+10 0 11.95 11.90 
50+50+0 1.5 11.75 11.70 
50+40+0 1.5 

1：0.38：0.9：0.26 
(mixing 1%FDNsuperplasticizer, 

usings super-fine sand) 
12.10 12.00 

＊CM—cementitious materials; W—water; S—sand; G—gravel  

Reference [11], in addition, thinks that the content of alkali is continuously increased in current 
cement, using fly ash largely saved cement clinker, and restrained alkali-aggregate reaction; for less 
content of C3A and the heat of hydration in cement, the danger of surface opening crack which is 
caused by large temperature difference on concrete structures is reduced; the large quantity Ca(OH)2 
is depleted by fly ash hydration reaction and inferior quantity composition in concrete is reduced, so 
chemical resistance is more stronger than OPC(ordinary performance concrete). Meanwhile, the 
density and the impermeability are increased by the Three Effects of fly ash, and exists dose relation 
between the penetrability and the durability in concrete, the impermeability increased to a great is the 
key for improving durability in concrete. 

Reference [12] deems that due to mass vitreous body spherical grain exist to fly ash, internal 
structure compacted, almost no cracks, so internal specific surface area is smaller than OPC in 
concrete, and the ability of absorbing water is lower than OPC. Therefore, the HVFAC has less 
shrinkage, high cracking resistance and obviously improve the brittleness. 
Early age Properties 
(1)Consistency 

Reference [13] have shown that the volume of the paste increasing, which the specific gravity of 
fly ash is about 2/3 of the cement, cause cohesiveness to obviously increase, and the workability of 
the blender decreases and instead. At this time, a little dosage of superplasticizer or water 
requirement needs to increase. HVFAC has a good cohesiveness and moisture retention. HVFAC’s 
consistency is influenced such as the quality of fly ash, the kind and dosage of admixture, etc.. In a 
word, if only the mix rate of HVFAC is suitable and the mixing time is ample, its consistency may 
satisfy the requirement of different kind projects. 
(2)Entrapped air 

When designing HVFAC needs to entrain air, the ignition loss of the influence of fly ash (the 
content of carbon) on air entraining efect is very oblivious. For fly ash with high content carbon, 
retraining high dosage air is very difficult.even through HVFAC of which using low carbonaceous fly 
ash meets is inferior to air entraining capability after entraining air. Therefore, for air entraining 
HVFAC, the entrapped air is ensured to satisfy designing demand by suitable the technical processes 
of conctruction ater HVFAC used into storehouse. 
(3) set time  

If the affect of admixture is not considered, the set time of HVFAC is as which with dosage 
increasing set time tend to delay as low dosage fly ash, which the degree o extension is in relation to 
the kind of cement and the quality of fly ash. At the same time, superplasticizer on air entraining 
agent is often mixed in HVFAC and the dosage is higher. so set time is influenced by the dosage of 
superplasticizer or air entraining agent. when their dosage is very high, HVFAC’s specimens can’t set 
and harden at day even 2 days.but active excitation agent may obviously accelerate set time, as is 

28 Environmental Ecology and Technology of Concrete



 
 

 

essentially equal with one of OPC. Besides, compared with OPC and low content fly ash concrete, the 
affect of temperature on set time and early age strength of HVFAC is more obvious. 
(4) properties of heat 

Due to AHVFAC containing high fly ash, the autogenous temperature rise of HVFAC is much 
lower than Portland cement concrete. Portland cement concrete is of obvious temperature peak and 
temperature decrease is quicker relative after arriving temperature peak, and temperature decrease of 
HVFAC is not obvious, the temperature can’t rapidly decrease after arriving temperature maximum. 
Harden Properties 
(1) strength 

When fly ash mixed in concrete, with the increasing of dosage its early age strength may generally 
decrease, the quality of each ingredient in HVFAC is of bigger flexibility and high early age strength 
for HVFAC may be mixed. Many testing studies have shown that the cube compressive strength of 
HVFFAC still increase notably for after 28days not only in lab but also on site. 
(2) properties of deformation 

 The elastic modulus for HVFAC resembles the Portland cement concrete of which 28-day cube 
compressive strength of HVFAC is approach, the higher compressive strength is, the bigger elastic 
modulus is. The creep and drying shrinkage comparing to Portland cement concrete is low. For the 
brittleness of HVFAC, reference [14]’s research have shown that 28-day age flexure to compressive 
ratio (i.e. ratio of flexure strength and compressive strength) for HVFAC is 0.12, is greater than 0.11 
of reference. 
(3) durability 

 The distribution of porosity diameter in HVFAC differs from Portland cement concrete, which the 
quality of big porosity is less and the permeable coefficient is low and is generally 1.6×10-14～5.7
×10-13 m/s, and is of strong ion diffusion resistance. With age development the higher compressive 
strength is, the lower chloride ion diffusion resistance is. Reference [15]’s testing results have shown 
that the water-tightness of 28-day samples for HVFAC is lower than Portland cement concrete. but 
the water-tightness of 91-day samples is better than portland cement concrete, especially the 
water-tightness of 56 % fly ash concrete attain best grade. 

HVFAC is of good freezing and thawing cycles resistance. Reference [16]’s testing results have 
shown that the coefficient of durability is higher than compared concrete. But it is founded by 
experiment that the sample surface for HVFAC peel off slightly after about 50 freezing and thawing 
cycles. Reference [17] compares the freezing and thawing resistance of HVFAC (c=150 KG/M3, 
FA=190 KG/M3) and ordering performance concrete(c=290 kg/m3~340 kg/m3), all mix rates 
entrained 5 %~7 % air content. Results have shown that the anti-freezing of HVFAC is obviously 
better than ordinary concrete. 

Reference [18]’s studies have shown that the depth of carbonation is greater than ordinary 
performance concrete which has same age and the time of carbonation (it’s quality of cement is equal 
with total amount of cementitious material in HVFAC).with increasing age the depth of carbonation 
decreases slightly. The depth of carbonation is affected obliviously by the amount of fly ash and 
cement. when total amount of cementitious material is 222 kg/m3, the depth of carbonation mixing 55 
% fly ash in HVFAC increases mildly, but that of 70 % increases rapidly; when total amount of 
cementitious material is 333 kg/m3, the depth o carbonation mixing 55 % fly ash in HVFAC 
decreases obliviously and increasing tendency is mildl, as that of 70 %, with extended the time of 
carbonation, the process of carbonation is accelerate gradually. 

HVFAC has the property of sulfate attack very well. HVFAC steapping at the solution of 10 % 
Na2SO4 by japan effectively restrain alkali-aggregate expansion, even through at same severe 
environment conditions to do so. Studies by MALHOTRA have shown that the dosage of fly ash is 58 
% in HVFAC greatly decreases swelling in concrete. 
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