
Center for  
By-Products  
Utilization  
 
 
 
 
 
UTILIZATION OF FLY ASH AS A CONSTRUCTION 
MATERIAL IN CHINA 
 
 
 
 
By Lihua Wei, Dean Golden, and Tarun R. Naik 

 
 
 
 
Report No. CBU-1990-09 
September 1990 
 
 
 
 
 
 
 
 
 

Department of Civil Engineering and Mechanics College of 
Engineering and Applied Science  
THE UNIVERSITY OF WISCONSIN – MILWAUKEE  
 



UTILIZATION OF FLY ASH AS A CONSTRUCTION MATERIAL IN CHINA 
 
Ljhua Wei, Dean M. Golden and Tarun R. Naik* 
 
 
ABSTRACT  
 
China has one of the largest coal mining industries in the world. Electricity in this country is 
mostly generated by coal-fired electric power plants. These plants produce huge amounts of ash 
each year. In 1988, Shanghai city alone produced nearly 1.8 million tons of ash. During the last 
two decades, a substantial amount of research work conducted by the Shanghai Research 
Institute of Building Sciesces (SRIBS), in coordination with other research centers in China, has 
resulted in large -scale utilization of fly ash as construction materials. The technologies 
established for fly ash utilization in concrete blocks, decorative tiles, pumped concrete, and 
lightweight aggregates concrete are discussed in this paper.  
 
INTRODUCTION  
Fly ash and bottom ash is a solid by-product material produced in a coal-burning power plant. As 
a developing country, China's economic growth is expected to continue rapidly in the decades 
ahead. Since China, like the United States, possesses abundant coal reserves, coal-burning 
electricity gene-ration is the current principal energy source. The total amounts of fly ash and 
bottom ash (slag) produced from coal-fired power plants increases yearly along with the 
development and huge demand for electricity. The production statistics from 1979-1988 is listed 
below in Table I [l].  
 
 

Table 1: Statistics for Fly Ash and Slag Production in China from 1979 to 1988 
(unit: Millions of tons) 
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The bar graph (Fig. 1) compares the production and utilization of fly ash and slag in China from 
1979 to 1988 [1]. 
 

 
 

Fig. 1. Total Production and Utilization of Fly Ash and Slag in China 1979-1988 
 

Fly ash utilization in China, up to now, mainly falls into civil engineering materials for 
construction of buildings and roads, namely as cement admixture, concrete admixture, walling 
material, road material, and construction backfill. In 1988, total utilization amount exceeded 14 
million tons, of which: (1) 5.9 million tons ash and slag were used as admixture in walling 
material and cement, such as aerated concrete, light-weight aggregate, bricks, blocks, etc-; (2) 
0.7 million tons ash and slag were directly used in concrete construction worth such as high-
volume fly ash concrete, pumped ready-mixed concrete, dam or mass concrete; (3) 2.2 million 
tons ash and slag were used in road construction, (4) 4 .3 million tons ash and slag were used as 
construction backfill; (5) 0.6 million tons ash and slag were used in, agriculture, such as 
producing fertilizer, to improve the properties of soil; and, (6) miscellaneous use of fly ash and 
slag were 0.6 million tons, including useful material recycling etc. Fie, 2 shows the percentage of 
various usage of fly ash in China in 1988 [1].  
 
 
 
 
 
 
 
 

Fig. 2 Percentage of Fly Ash Utilization in 
China in 1988 



In recent years, a substantial amount of research work conducted by the Shanghai Research 
Institute of Building Sciences (SRIBS), in coordination with other research centers in China, has 
resulted in large-scale utilization of ash as construction materials.  
 
SEVERAL MAIN RESEARCH ACHIEVEMENTS IN FLY ASH UTILIZATION  
Fly ash used as admixture for walling material  
 
(i) Non-cement fly ash concrete blocks [2] Non-cement, steam-cured, fly ash concrete blocks 
have been popularized since 60's in Shanghai. The standard dimension of these blocks is 880-
380-240 mm (34.6-1.5-9.4 in). Its raw material includes fly ash, ground lime, phosphogypsum, 
and bottom ash (slag) used as aggregates. The Fly ash concrete block can be used as a load 
bearing wall material for low-cost multi-story residential buildings in non-seismic regions. About 
0.25 million M3 of this block is produced yearly in Shanghai which can be used to construct one 
million m2 of residential buildings. According to China's specifications, properties of the fly ash 
concrete block are listed in Table 2 .  
 
 

Table 2: Properties of Block 
 

 

 
 



 
The thermal insulation properties of fly ash block wall are superior to that of ordinary clay brick 
wall. Fly ash concrete shrinkage value is similar to that of cement lightweight aggregate 
concrete. In the view of the investigations made on about 50 buildings in different regions, it has 
been found that after a period of 10 years, carbonation depth for the exterior walls was 40 to 60 
mm (1.6 to 2.4 in) and that for interior walls was 50 to 100 mm (2 to 4 in). Investigations also 
showed that the buildings were still in good condition, with carbonated surfaces of fly ash block 
remaining intact and exhibiting no significant damage. Compared with brick masonry systems, 
use of fly ash concrete blocks can reduce 12% dead load, increase construction production by 
33%, and shorten the work cycle by I/ 3.  
 
(ii) Fly ash  and slag decorative tiles [3] Industrial by-products such as fly ash and slag produced 
by coal-burning power plants could be used as main raw material to produce a new kind of 
decorative tile (7.9-2.4-0.4 in) for external walls. Tiles are formed by dry mixing and semi-dry 
forming through pressing and high- temperature sintering. The rate of temperature rise is 
200oC/hr up to 1130-1160oC. The tiles are fired 16-20 hours in a kiln. The composition of fly ash 
decorative tile is listed in Table 3. Table 4 shows chemical composition of the tile, and Table 5 
shows physical properties. 
 

 
 

 
 



The fly ash and slag served as an excellent resource as the raw material for manufacturing of 
these tiles. This kind of decorative tile is light in weight, high in strength, natural in color, good 
in insulation and has good economic benefits.  
 
Use of fly ash as mineral admixture for concrete 
 
(i) Pumped concrete and mass concrete  [4] Research was conducted on pumpability and mass 
concrete. It required a concrete of 30 MPa (4500 Psi) with slump of 18 ± 3 cm (7 ± 1 in). 
Research was aimed at technical methods to control slump/workability of pumpable concrete, 
while keeping the hydration heat released from concrete as little and as slow as possible.  
 
Fly ash was added to the concrete for the purpose of improving workability of the concrete. The 
ash increased the water content per unit volume of concrete, without increasing the cement 
content. The use of fly ash as a partial substitute for cement reduced subsequent shrinkage of the 
concrete and reduced hydration heat, thereby minimizing shrinkage cracks in the mass concrete. 
In order to prepare the best pumpable mass concrete, the following additional steps were taken: 
(1) addition of water-reducing admixtures; and, (2) addition of finer fly ash.  
 

Table 6: Physical and Mechanical Properties of Mass Concrete 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Water-reducing admixtures were simultaneously employed for the purpose of reducing the water 
content while maintaining the desired workability. Fly ash was used primarily as a partial 
replacement for cement to reduce the heat of hydration. Basic physical and mechanical properties 
of the mass concrete are shown in Table 6.  
 
It is apparent from the Table 6 that the mechanical properties of pumpable mass concrete, such 
as compressive strength, tensile strength, flexural strength, and bond strength, containing both fly 
ash and water-reducing admixture are similar to those expected with water-reducing admixtures 
alone.  
 
By using a conduction calorimeter, the rate of heat evolution from cement pastes during the 
setting and early hardening period were recorded. Table 7 shows the mixtures of cement paste 
for testing and its corresponding test results for cement paste heat of hydration. 
 

Table 7: Measured Results Heat of Hydration for Cement Paste 
 

 
 

These test results indicate that partial replacement of cement by fly ash exerted a distinct effect 
on reduction in the heat of hydration. The hydration heat liberated was lower and-slower than 
that without fly ash in the paste. 
 



In conclusion, addition of fly ash with proper admixture in mix proportions can produce mass 
concrete of good workability, reduce cement content, decrease hydration heat of cement, and 
slow down heat release, thus ensuring quality control for the pumpable mass concrete 
construction  
 
(ii) High-strength fly ash aggregate concrete [5] This was a study on the use of fly ash aggregate 
produced by a rotary kiln (with vertical preheater) for making lightweight aggregate concrete. A 
new method of mix design was adopted, which considered effects of specific surface area of fly 
ash aggregate on water absorption, as well as its relation with the mortar wrapping around 
aggregate, thereby determining the amount of mortar. A corresponding new technology of 
mixing was used, which specified that the total amount of mortar was divided into two batches 
and then mixed with fly ash aggregates one after another. The doubles mixing technology is 
helpful in well distributing the mortar, to wrap fly ash aggregates and increase the bond strength 
at the interface. The properties of high-strength fly ash aggregate concrete are shown in Table 8.  

 
Table 8: properties of High-Strength Fly Ash Aggregate Concrete 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



As shown in Table 8, the physical and mechanical properties, and cement demand for the 
lightweight concretes, which were prepared according to the new mix design and new mixing 
technology, were similar to those of ordinary concretes of the same grade.  
 
 
CONCLUSIONS  
 
Fly ash previously was thought of as solid waste, but through scientific research and application 
technique it can be turned into raw material for engineering material. Utilization of fly ash as 
admixture for walling material in residential buildings not only reduces urban environmental 
pollution but also lowers its construction cost. In Shanghai alone, savings on building materials 
and construction costs due to the use of fly ash has exceeded 50 million Yuan (RMB) (US S 10 
million) in the past over 20 years.  
 
Fly ash admixed in the concrete not only replaces a certain amount of cement and substitutes for 
a certain amount of fine aggregates, but also improves workability, reduces heat of hydration and 
density, increases impermeability and final strength of concrete. Besides being used in ordinary 
concrete, fly ash is especially suitable for mass concrete, pumped ready-mixed concrete, and 
even high-strength concrete. At present, in Shanghai alone at least 60,000 tons of fly ash is used 
yearly as admixture in concrete.  
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