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Abstract — In this paper we study the performance of High Fly-ash Content Concrete (HFCC) in Datong region. We use the mixed 
design model to achieve strength grade 42.5 Portland cement concrete with different content such as 0%, 10%, 20%, 30% and 40% 
by using the mass method. The change of gas content in the concrete mixture with the fly ash content and water-binder ratio was 
obtained through repeated measurements. The axial compression failure test was done at 7d, 28d and 56d curing age and the 
curves of influence were drawn. Scanning Electron Microscope (SEM) technology was used to examine the fly ash concrete. 
Finally, the failure mode of high fly ash content concrete specimens was analyzed. The results provide scientific data for designing 
and engineering large application of high fly ash content concrete in the local area, and the method is valuable in engineering 
application. 
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I. INTRODUCTION 

Concrete is one of the most important material in the 
civil engineering, which has a history over 100 years [1]. 
China Ministry of Commerce predicts that the amount of 
national bulk cement will reach 13 billion tons that is to say 
the rate of bulk cement is 58%, ready-mixed concrete (also 
called commodity concrete) 22 billion steres and pre-mixed 
mortar 4 800 million tons in 2015. 

The technology of concrete engineering always develops 
with the necessary of project and the advancement of 
science. Recent years later, the superfine activity admixture 
such as fly ash, ground slag etc. was used into concrete as the 
important component. So the high performance concrete is 
obtained which has good durability, high fluidity volume 
stability and some strength [2]. In 21 century, the direction 
and focus of concrete technology advance is to progress the 
high performance concrete. Fly ash concrete can get when a 
certain amount fly ash replace a part of cement which has 
many advantages such as making full use of the fly-ash’s 
potential activity, greatly reducing the cement amount and 
production cost, significantly improving the durability of 
concrete, saving stacking, and reducing the environment 
pollution caused by the production of cement clinker and a 
large amount of fly-ash [3]. The high fly ash content 
concrete is a new material when a large proportion fly ash 
and cement is used as gelled material in concrete. 

Datong city in Shanxi province is called the hometown of 
coal. There are ten coal-fired power plants. The fly-ash is 
one of the larger industrial waste residues. The total annual 
output of fly ash is 400 ten thousand tons, but only 76 ten 
thousand tons is used every year. So the annual quantity of 

air storage fly-ash is 300 ten thousand tons. Lastly the stock 
of fly ash is 1 560 ten thousand tons as Figure 1 shows. 
Therefore it is an urgent necessary to promote the fly-ash 
comprehensive utilization and carry out the environmental 
management for reducing pollution by solid waste, 
improving the atmospheric environment quality and saving 
energy. 

 

Figure 1. Fly Ash Yards. 

Using the local common engineering materials, the high 
fly ash content concrete mix proportion design was made. 
And then the physical and mechanical performance test was 
carried out to study its failure pattern for the large-scale 
application of fly-ash concrete. 
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II. MIX PROPORTION DESIGN OF HFCC  

The P.O 42.5 cement is made by Jidong Factory in 
Datong city which can meet the national standard – Common 
Portland Cement (GB175-2007). Fine aggregate comes from 
Datong county and its average fineness modulus is equal to 
3.0. The coarse aggregate produced in Datong suburb is the 
common crushed stone. The fine aggregate and coarse 
aggregate are all satisfied with Standard for Technical 
Requirement and Method of Sand and Crushed Stone (or 
Gravel) for Ordinary Concrete (JGJ52-2006). 

A. The Fly Ash Test  

Fly ash refers to the collection from the coal-fired power 
plant flue gas in the gas produced by coal power, which is a 

kind of industrial solid waste also known as soot [4]. The fly 
ash has three levels. The first level fly ash has higher grade 
and could be used in ordinary reinforced concrete, high 
strength concrete and post-tensioned pre-stressed concrete 
because of a certain water reducing effect and the higher 
activity. The second level one hasn’t the reducing effect 
usually, mostly used in the ordinary reinforced concrete. And 
the third level fly-ash has the lower grade, so it is normally 
only used for plain concrete and mortar, especially can also 
be used for reinforced concrete after testing. 

The fly-ash is from N0.2 thermal power plant in Datong 
city Shanxi province. And the testing results is followed in 
Table 1: 

TABLE I  THE TEST RESULTS OF FLY ASH 

Density 
/g.cm-3 

Packing 
density /kg.m-3 

Fineness 
0.045mm /% 

Chemical composition /% 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Ignition

2.18 750 14.5 55.75 22.7 7.45 0.57 2.49 0.03 3.4 

conclusion By GB/T1596-2005，it is the second level fly-ash to mix F style concrete and mortar. 

 

B. HFCC Mix Proportion Design  

The method can be chosen from the volume method and 
quality standard in the fly ash content concrete mix 
proportion design, and the laboratory mix ratio design will be 
finally confirmed after the adjustment in mixing station [5,6]. 

In the quality standard, the fine and coarse aggregate 
consumption should meet the requirements as following: 

0 0 0 0 0f c g s w cpm m m m m m             (1) 

In the No.1 formula, 0fm
 represents the fly-ash content 

per cubic meter concrete and its physical unit is kg/m3, 0cm  
indicts the cement content per cubic meter concrete and its 

physical unit is kg/m3, 0gm
 shows the coarse aggregate 

consumption per cubic meter concrete and its physical unit is 

kg/m3, 0sm  denotes the fine aggregate consumption per 

cubic meter concrete and its physical unit is kg/m3, 0wm  
express the water content per cubic meter concrete and its 

physical unit is kg/m3, and cpm
 shows the mixture assumed 

quality per cubic meter concrete and its physical unit is kg in 
the end. 

0
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In the No.2 formula, s  represents sand ratio and its 
physical unit is %. 

The concrete water-cement material ratio /W B  should 
be calculated as follows: 

,0

/ a b

cu a b b

f
W B

f f


 




                   (3) 

In the No.3 formula, a  and b  represent the regression 
coefficient according to the requirements values in the 

specification, ,0cuf
 indicts the configuration concrete 

strength and its physical unit is MPa, and bf  indicts the 
compressive strength of cementitious materials after 28 days 
and its physical unit is MPa too. 

b f s cef f                             (4) 

In the No.4 formula, f  and s are the influence 
coefficient about the fly-ash and granulated blast-furnace 

slag, and cef  indicts the compression strength of cement 
mortar after 28 days and its physical unit is MPa. 

,ce c ce gf f                            (5) 

In the No.5 formula, c is the extra-coefficient of cement, 
,ce gf

 indicts the cement strength and its physical unit is MPa. 
The concrete water-cement material amount per cubic 

meter 0bm  is calculated as follows: 

0
0 /

w
b

m
m

W B
                          (6) 

In the No.6 formula, 0bm  physical unit is kg. 
The mineral admixtures amount in concrete per cubic 

meter 0fm
 is calculated as follows: 

0 0f f bm m                        (7) 

In the No.7 formula, f
 represents the content of 

mineral admixtures, and its physical unit is %. 

So, the cement amount in concrete per cubic meter 0cm  
is calculated as follows: 

0 0 0c b fm m m                           (8) 
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In order to ensure that the test data can be brought to a 
satisfactory test expected, the test chose the multifactor 
experimental design method [7]. The concrete designing 
strength grades are C30, C40 and C50 respectively. Fly ash 
content using with 42.5 Portland cement are 0%, 10%, 20%, 

30% and 40% respectively. Concrete slump is 120±20 mm. 
The concrete mixing ratios are shown in Table 2 which could 
meet the basic requirement on concrete the configuration 
strength, the mixture performance, the long-term 
performance and the durability etc. 

TABLE II THE MIX DESIGN OF HIGH FLY ASH CONTENT CONCRETE 

Number Water/cement ratio 
Material amount /kg.m-3 

Water Fly ash content Cement Sand Stone 
F00-C30 0.45 185 0 411 614 1140 
F00-C40 0.35 185 0 529 573 1064 
F00-C50 0.30 185 0 586 465 1084 
F10-C30 0.45 185 41.5 370 610 1149 
F10-C40 0.35 185 53 476 491 1146 
F10-C50 0.30 185 63.2 555 472 1096 
F20-C30 0.45 180 80 320 620 1151 
F20-C40 0.35 180 104 425 497 1159 
F20-C50 0.30 180 120 480 483 1117 
F30-C30 0.45 180 127 310 531 1239 
F30-C40 0.35 180 155.5 360 497 1159 
F30-C50 0.30 180 180 420 482 1078 
F40-C30 0.45 180 160 302 531 1239 
F40-C40 0.35 180 206 309 501 1184 
F40-C50 0.30 180 240 385 471 1125 

 

III. HFCC SPECIMEN PREPARATION 

A. HFCC Specimen Moulding  

The concrete standard specimen could be gotten as 
Figure 2 shows according to the above laboratory 
proportioning design of fly ash concrete. 

 

 
a) fly ash concrete mixing   b) fly ash concrete specimen molding 

Figure 2. Standard Sample of Fly Ash Concrete. 

B. HFCC Specimen Maintaining 

Standard curing condition refers to the reservation 
temperature is 20±2 ℃, the relative humidity is 95% in the 
atmospheric environment or in the water, during maturing 
period from the forming time to 28 days later. To ensure the 
experiment accuracy, FHBS automatic control temperature 
and wet system was purchased to fulfill the fly-ash concrete 
specimen’s standard curing as Figure 3 shows. 

 
a) FHBS automatic control system   b) Standard-curing room 

Figure 3. Automatic Control Temperature and Wet Concrete Sample 
Curing Room. 

IV. AIR CONTENT OF HFCC MIXTURE TEST  

When mixing the concrete mixture and occurring 
chemical reaction inside, the air will be produced, and that 
induce a certain internal pore in the concrete. The pore can 
not only absorb the moisture in the air but also probably 
produce concrete volume expansion because of the frost, 
which may degrade the concrete antifreeze performance. 
Meanwhile the concrete air content greatly affects the 
concrete performance such as the carbonation resistance, the 
anti-permeability, and the compressive strength and the 
bending mechanical properties. So, it is significant in the 
practical application of concrete to discuss the air content in 
HFCC. 

A. Experimental Method  

According to the regulation of the standard [8], the CA-
3read-only concrete air content tester was chosen which is 
suitable for the aggregate maximum particle size 40mm, and 
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its volume is the 7 Liter, the measuring range is 10%, the 
precision is 0.1%, the designing highest pressure is 4 MPa, 
and the gas tightness testing pressure is 0.4MPa. 

B. Results of Air Content Experiment 

The effect about the fly ash content to the concrete air 
content is shown in Figure 4. As can be seen from the chart, 
the concrete air content significantly decreases with the 
increase of fly ash content when the fly ash was added into 
the concrete. When the concrete grade is C30, C40, C50 
respectively, the biggest trop of air content in the concrete is 
0.7%, 0.8%, 1.0% respectively after adding fly ash into the 
concrete. The fly ash in the concrete has the shape effect and 
filling effect. The effects improve the performance of 
concrete construction, and increase the density of concrete 
by reducing the air content in different degree. 

 

 

Figure 4. Curve of Fly-ash Content and Air Content in Concrete. 

 
The effect about the water-cementitious material ratio to 

the concrete air content is shown in Figure 5. As can be seen 
from the figure, the concrete air content significantly 
decreases with the increase of the water-cement material 
ratio. When the fly ash content is 0%, 10%, 20%, 30%, 40% 
respectively, the trop of air content in the concrete is 0.2%, 
0.1%, 0.3%, 0.4%, 0.5% respectively. So, the concrete air 
content is proportional to the water-cementitious material 
ratio, that is to say the concrete air content decrease when the 
water-cement material ratio. 

 

Figure 5. Graph of Water-cement Material Ratio and Air Content in 
Concrete. 

V. SEM ANALYSIS ON HFCC SAMPLE  

It is possible to research heterogeneous material in 
microscopic for the progress of Scanning Electron 
Microscope (SEM) technology [9-10]. The fly ash concrete 
is a multiphase heterogeneous complex system on the micro 
scale. So SEM could be used in studying the fly ash concrete 
to fully avoid the error or illusion which is caused by the 
observing the sample surface. 

 

 
Fig. 6. SEM Images of Fly-ash Concrete Sample 

 
As is shown in Figure 6, when adding fly ash the 

continuous reaction between water, Ca2+, OH-, SO42- and 
the silicate ion and the aluminate ion in fly ash will make the 
SiO2 and Al2O3 continue to break down in fly ash vitreous, 
which could generate dense C-S-H gel on the fly-ash surface 
by increasing the hydration reaction and reaction speed. 
Meanwhile the spherical particles of fly ash in the cement 
paste as fine material packing the cement gel pores reduce 
the number of Ca(OH)2, and make cement hardening more 
completely, so the mesoscopic dense degree of concrete 
improve. In the range of observations, the mesoscopic 
composition is full of gelatinous substance, and the particle 
not hydrated completely isn’t obvious. But there is still a lot 
of micron grade wool stoma who has the state of opening. 

VI. HFCC SAMPLE COMPRESSION FAILURE TEST  

A. Test Procedure  

The compressive strength test of fly ash concrete cube 
specimens were done using YES-2000 concrete pressure 
testing machine. The test procedure is following [11]. 

First step: the specimen should be test in time after taking 
from the standard curing room, when the surface of 
specimen and upper and lower bearing plates are cleaned. 

Second step: the specimen is put between upper bearing 
plates and lower ones, and the pressure surface of specimen 
should be perpendicular to the surface of upper and lower 
bearing plates. 

Third step: the specimen center should be aimed at lower 
bearing plate of the testing machine before starting the 
machine. Make contact with balanced when the upper lower 
bearing plates approach the specimen top surface as is shown 
in Figure 7.a. 
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a) a sample between upper and lower bearing plates    b) 
compression failure of sample 

Figure7. Compression Failure Test of HFCC Sample. 

 
Fourth step: the continuous uniform loading rate changes 

between 0.3 MPa/s and 0.5 MPa/s when the concrete grade is 
lower than C30, 0.5 MPa/s and 0.8 MPa/s when the concrete 
grade vary between C30 and C60, and 0.8 MPa/s and 1.0 
MPa/s when the concrete grade is greater than C60. 

Fifth step: stop adjusting the accelerator until the failure 
occurring when the specimen begins sharp deformation 
approaching the damage state. And then breaking load 
should be record as shown in Figure 7.b. 

The concrete cubic compressive strength should be 
calculated as follows: 

cc

F
f

A
                             (9) 

In the No.9 formula, F  is the breaking load of the 
specimen and its physical unit is N, and A  indicts the 
specimen’s loading area and its physical unit is mm. 

B. The fly-ash Concrete Compressive Strength 

When the age of fly-ash concrete specimen is 7 days, 28 
days, 56 days respectively, the compressive strength growth 
trend of fly-ash concrete is shown in Figure 8. When the fly-
ash content is 10%, 20%, 30%, 40% respectively with P.O 
42.5 cement, the compressive strength of 7 days age is lower 
than the fly-ash content is 0%, 28 days age is nearly equality 
with the gradual decline trend of compressive strength when 
the fly-ash content increasing from 10% to 40%, and 56 days 
age is almost higher, with the gradual increase tendency of 
compressive strength when the fly-ash content increasing 
from 10% to 30%, but slightly decreasing when the fly-ash 
content above 40%. 

 

Figure 8. Compression Curve of HFCC Sample. 

C. Failure Characteristics of HFCC Specimen 

After completing a large number of laboratory test, the 
typical damage of fly-ash concrete specimens are shown in 
Figure 9: 

  

 

Figure 9. Typical Compression Failure Pattern of HFCC Sample. 

 
The fly-ash concrete specimen of state A can cause 

cracks inside, and the loading value of press machine can’t 
rise continuously. The specimen shows no damage on the 
whole because the concrete mixing is not uniform and the 
vibrating is imperfect which cause the cement mortar can’t 
well paste the coarse aggregate. 

The fly-ash concrete specimen of state B happen damage 
in some surface firstly and the specimen section will narrow, 
meanwhile stop testing, the loading value of press machine 
should be recorded. The possible reasons are that the 
concrete mixture is not uniform, or there are so less gravel 
when the specimen molding, or the vibrating isn’t carried out 
uniformly from edge to the center with a spiral direction. 

The fly-ash concrete specimen of state C happen damage 
in some sharp edge firstly and the specimen section will 
narrow, meanwhile stop testing, the loading value on the 
press machine should be recorded. The reasons may be that 
the concrete mixture is not uniform, or there are so less 
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gravel when molding the mixture, or the vibrating isn’t 
carried out uniformly from edge to the center with a spiral 
direction, or the place of concrete sample is eccentric. 

The fly-ash concrete specimen of state D and state E 
have damages in two or three surfaces firstly and the 
specimen section will narrow greatly, meanwhile stop 
testing, the loading value on the press machine should be 
recorded. The reasons may be that the concrete mixture is 
not uniform, or there are so less gravel when molding the 
mixture, or the vibrating isn’t carried out uniformly from 
edge to the center with a spiral direction, or the place of 
concrete sample is eccentric, or the over vibrating cause the 
concrete segregation. 

The fly-ash concrete specimen of state F has pyramid 
damage due to the hoop effect specimen. The function of 
restraint disappears when the section is about 0.87 times the 
specimen length far away from the bearing surface. 

VII. CONCLUSION 

(1) The concrete air content significantly decreases with 
the increase of fly ash content when the fly ash was added 
into the concrete. The fly ash in the concrete has the shape 
effect and filling one which improve the performance of 
concrete construction, and increase the density of concrete 
by reducing the air content. 

(2) The air content of concrete significantly decreases 
with the increase of the water-cement ratio, and the both are 
proportional to each other. The fly ash content also affects 
the air content to some degree. Especially when the fly ash 
content is 0% 10%, 20%, 30%, 40% respectively, the trop of 
air content in the concrete is 0.2%, 0.1%, 0.3%, 0.4%, 0.5% 
respectively. 

(3) Using P.O 42.5 cement, when the fly-ash content vary 
from 10% to 40%, the compressive strength of 7 days age is 
lower than the fly-ash content is 0%, 28 days age is nearly 
equality with the gradual decline trend of compressive 
strength when the fly-ash content increasing from 10% to 
40%, and 56 days age is almost higher, with the gradual 
increase tendency of compressive strength when the fly-ash 
content increasing from 10% to 30%, but slightly decreasing 
when the fly-ash content is above 40%. 

(4) By SEM analysis, adding fly ash improves the 
mesoscopic dense degree of concrete because dense C-S-H 
gel is generated on the fly-ash surface by increasing the 
hydration reaction and reaction speed. 

(5) The failure characteristic of fly-ash concrete 
specimens is different because of the concrete mix 

proportion, the quality of mixture, the loading rate, and its 
internal microstructure. 
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