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Abstract 
Similar materials are the basis of physical model tests. The research on similar materials 
is helpful to promote the development of various geological environment model tests. 
This paper summarizes the research results of similar materials at home and abroad; 
The determination principles of main physical and mechanical indexes in the 
manufacturing process of similar materials are expounded: the performance 
parameters of similar materials should be coordinated according to the research 
purpose of model test; The adjustment method of similar material control index is 
described: the sensitivity analysis of similar material control index is carried out to 
determine its main influencing factors, and on this basis, multiple regression analysis is 
carried out. 
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1. Introduction 

Since entering the 21st century, China's underground engineering construction has ushered in rapid 
development. In terms of transportation, by the end of 2020, 16798 railway tunnels have been put 
into operation in China, with a total length of about 19630km. With the promotion of Western 
Railway Construction, there will be more and more large buried deep and super long railway tunnels 
[1]; In terms of energy, according to incomplete statistics, 60% of China's proven coal resources are 
buried at a depth greater than 800m, and at present, more than 50 coal mines with a mining depth of 
more than kilometers have reached. The construction of various deep buried underground projects 
has gradually increased, and the scale, quantity and complexity of rock mass projects have increased 
significantly. At present, the analysis and calculation of surrounding rock stability of underground 
engineering basically adopts the traditional continuum mechanics methods, such as elastic mechanics 
or elastic-plastic mechanics. However, in the actual engineering, the constitutive relations of 
surrounding rock mass are different in different positions and even in different periods. In quite a few 
cases, the stress redistribution of surrounding rock after excavation shows nonlinear mechanical effect. 
At this time, The stability analysis of traditional elastic mechanics or elastic-plastic mechanics is very 
different from the actual engineering. In view of this situation, the previous engineering experience 
is often applied in the current design and construction, but the empirical analogy method also has 
great limitations and can only be used in small and medium-sized projects with simple structure. In 
short, the basic characteristics of underground engineering construction are "complex and changeable 
geological conditions, many influencing factors and great construction difficulty". 

Similar model test is an effective method to solve complex problems in underground engineering 
based on similar theory and connecting the process and results of model test with actual engineering 
through a certain proportion relationship [2-5]. Similar materials are the material basis for 
constructing similar models, and their material selection and preparation directly affect the success 
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or failure of model test. Therefore, it is of great significance to carry out the research on the proportion 
test of similar materials. 

2. Research Status at Home and Abroad 

With regard to the selection and preparation of similar materials, many scholars at home and abroad 
have carried out a series of research work and achieved rich results. In the 1960s, Fumagalli et al. [6] 
pioneered the engineering geomechanical model test technology and developed rock similar materials 
with gypsum as binder and lead oxide powder and bentonite as filler, but these materials are expensive 
and toxic. Glushinkhin et al. [7] former Soviet scientists developed a series of similar materials for 
model tests for different purposes, including cement mortar, gypsum cement mixed mortar, epoxy 
resin mortar, etc. The research on related technologies of similar materials in China began in the 
1980s. In order to meet the material selection requirements of similar model materials with high 
density, low elastic modulus and low strength, Boli Han et al. [8] prepared a new geo mechanical 
model material (MIB) by using aggregates with low elastic modulus and high capacity weight and 
weakly cemented adhesives. Ma Fangping et al. [9] formulated NIOS model material, which has 
various mechanics; Zhang Qiangyong et al. [10] developed a new type of geotechnical similar 
material with iron ore powder, barite powder, quartz sand, gypsum and rosin as raw materials, which 
can meet the requirements of most rock mass similar materials; Wang Huimin [11] used the mixture 
of cement, gypsum and sand as similar materials to simulate three typical soft rocks: mudstone, 
siltstone and fine sandstone; Shi Xiaomeng et al. [12] carried out physical and mechanical tests on 
similar materials with cement and gypsum as cementing agents and quartz sand and barite powder as 
aggregates; Yao Jian et al. [13] summarized the characteristics of weathered mudstone stratum, such 
as more clay minerals, strong water permeability, weak water permeability, expansion with water, 
easy softening and easy disintegration. River sand, clay powder, gypsum and quicklime were selected 
as materials to prepare similar materials of weathered mudstone meeting similar conditions; Liu 
Yongli et al. [14] took diatomite, red clay, river sand, gypsum, cement and marl powder as the main 
materials to carry out the proportion experiment of similar materials of marl; Liu Yishuai et al. [15] 
selected yellow sand, quartz sand and barite powder as aggregates and gypsum as cementitious 
materials to make samples of similar materials of mudstone. 

To sum up, similar materials in the model are composed of cementitious materials and aggregates. 
Cementitious materials can be roughly divided into three categories [16]: Organic cementitious 
materials, such as epoxy resin, rosin, gasoline, etc; Inorganic cementitious materials, such as cement, 
gypsum, etc; Composite cementitious material refers to the mixture of two or more cementitious 
materials, which can make up for the deficiency of single cementitious material. The aggregate is 
generally composed of two or more materials with large differences in bulk density and particle size, 
which are used to adjust the bulk density and gradation of similar materials. The commonly used 
aggregates of similar materials include river sand, quartz sand, iron concentrate powder, barite 
powder, clay powder, etc. 

3. Determination of Main Physical and Mechanical Indexes of Similar 
Materials 

There are many factors affecting the physical and mechanical properties of rock mass, and it is 
difficult for similar materials to have similar parameter indexes. Therefore, in the proportioning test, 
the parameter indexes of materials will be emphasized according to the research content. Yang 
Junping [17] in the preparation test of similar materials for class IV weakly expansive surrounding 
rock, in order to develop similar materials with expansibility, the free expansion rate and dry saturated 
water absorption are the main control indexes of similar materials. In the experimental study of similar 
materials of outburst coal, Yin Guangzhi, Gao Kui, Lin Haifei and Wang Hanpeng et al. [18-21] 
believed that mechanical strength, adsorption desorption characteristics and permeability were the 
main physical and mechanical indexes of similar materials, and conducted in-depth research on them. 
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Chu Zhaofei et al. [22] in the research and development of rheological similar materials of soft rock, 
in order to make the similar materials of soft rock have rheological properties, took the parameters in 
the viscoelasto–plastic model as the rheological similar control parameters between the similar 
materials of soft rock and the original rock, and carried out the preparation of similar materials. In 
order to carry out the physical model test related to rock burst, Jia Baoxin et al. [23] selected the white 
sandstone of yuezhishan tunnel in Emei section of Chengdu Kunming Railway as the simulation 
object to prepare the white sandstone similar material, and took the elastic property index, brittleness 
index and residual elastic energy index as the white sandstone similarity control index to carry out 
the preparation of similar materials. Li Zheng et al. [24] carried out the Proportioning Test with the 
permeability coefficient of similar materials as the core in the development of similar materials for 
seepage model test of rock tunnel. 

The performance of similar materials should be similar to that of raw materials, but it is very difficult 
to make the parameters of similar materials exactly the same as that of raw materials. Therefore, it is 
necessary to coordinate the performance parameters of similar materials according to the research 
purpose of model test. 

4. Adjustment Method of Physical and Mechanical Indexes of Similar 
Materials 

There are many factors affecting the physical and mechanical properties of similar materials, such as 
the content of each component of similar materials, the forming pressure of similar materials, the 
curing time of similar materials and so on. In the preparation process of similar materials, it is 
necessary to constantly adjust the size of each control index to meet the similarity relationship. At 
this time, it is necessary to determine the main influencing factors of each control index of similar 
materials, so it is necessary to analyze the sensitivity of the control index. Yang Xu, Wang Peng, 
Wang Junxiang, Liu Pan, Liu Liangliang, Xia Yu et al. [25-30] analyzed the sensitivity of control 
indexes of similar materials in the proportioning test. It is found that cementitious materials have a 
great impact on material properties, and the strength of similar materials increases with the increase 
of cementitious material content; Aggregate has a significant effect on the bulk density and 
compactness of similar materials. With the increase of the proportion of large bulk density aggregate, 
the bulk density of similar materials increases, and with the decrease of aggregate particle size, the 
compactness of similar materials increases; The forming pressure has a significant effect on the 
strength and compactness of similar materials. The greater the forming pressure is, the denser the 
similar materials are and the higher the strength is; The curing time has a great impact on the strength 
of similar materials. The longer the curing time, the more sufficient the reaction between cementitious 
materials and raw materials, and the greater the strength of similar materials. However, generally, 
increasing or reducing the curing time is not regarded as a way to adjust the mechanical indexes of 
similar materials. The curing time of similar materials is insufficient, and the mechanical indexes 
fluctuate greatly. 

Based on the sensitivity analysis of the control indexes of similar materials, the main influencing 
factors of each control index can be determined, and the quantitative relationship between each 
control index and the main influencing factors can be found through multiple regression analysis, so 
as to improve the efficiency of the Proportioning Test of similar materials. 

5. Conclusion 

This paper summarizes the research results of similar materials at home and abroad; This paper 
expounds the determination principles of main physical and mechanical indexes in the manufacturing 
process of similar materials: it is very difficult to make the parameters of similar materials exactly 
the same as the raw materials, so it is necessary to coordinate the performance parameters of similar 
materials according to the research purpose of model test; The adjustment method of the control index 
of similar materials is described: the sensitivity analysis of the control index of similar materials is 
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carried out to determine the main influencing factors of each control index, and on this basis, the 
quantitative relationship between each control index and the main influencing factors is found through 
multiple regression analysis, so as to improve the efficiency of the Proportioning Test of similar 
materials. 
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