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Abstract 
The rate at which corrosion penetrate the roofing material has been a 

difficult phenomenon to be predicted, many techniques/models such as 

mathematical model, deterministic model, probability model have been 

adopted/developed by many researchers in this regard.  These models 

depend on the individual parameters that usually cause corrosion, which 

means that, large amounts of data are highly needed before the prediction 

can be done. This always require a series of experiments and time 

consuming. Grey system theory model is known with ability to deal with few 

data and it is then introduced and employed in this work to predict the 

corrosion rate of galvanized iron roofing sheet. The corrosion rate data 

gotten from the experiment performed in Adamawa State Nigeria are fed 

into the grey system theory for prediction. Comparison graph was drawn to 

determine the reliability of the model. The results showed that, 

measurement data and forecast data have the same trend, which indicate 

the suitability of the model in the prediction of corrosion rate of the material  

 

Keywords: Corrosion, Grey, Model, Prediction, Original 
 

Introduction 
The grey system theory was 

developed by Deng in 1982, and it 

refers to systems which in short of 

information, such as structure 

message, operation mechanism and 

behaviour document (Lu, 2015). It is 

an innovative method used to study 

problems involving small samples and 

poor information. It concerns with 

extracting and producing valuable 
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information from available one which are not detail and certain (Sifeng, 2016). 

It aimed to deal with uncertainty of a system especially for multi-variable, 

discrete and incomplete data (Lu, 2015).  

Deng 1989 mentioned the aim and objectives of grey system theory to be a 

means of providing theory, techniques, notions and ideas for resolving 

(analyzing) latent and intricate systems. He further discussed what is being done 

by this theory such as turning disorderly raw data into a more regular series, 

finding the real time techniques instead of the of statistical model, developing a 

novel family of grey forecasting methods instead of time series and regressive 

method. A series of prediction models have been used by many researchers, 

grey system theory model seems to be more superior because it does not require 

a great deal of training data and also accurate in prediction (Erda, Baris and 

Okyay, 2010). 

 

RELATED WORK 

Grey system theory is widely employed because natural world is filled up of 

many uncertain systems with small samples and poor information. It has been 

used by many researchers for the prediction of corrosion rate and other related 

phenomena. 

Application of grey system theory to study the bond strength between corroded 

rebar and concrete was investigated by Zhang (2007). In their research effect of 

five factors such as corrosion ratio of reinforcing steel, concrete strength, depth 

of concrete cover, reinforcement diameter, and reinforcement type on the bond 

strength between corroded steel bar and concrete were analysed, later the 

predicted results were compared with test data and a good agreement was met 

which indicate that the system grey theory has brought new approach in 

studying the mechanical properties of corroded reinforced structure. Also, 

Wang, et al., (2009) conducted research on prediction of corrosion on oil 

atmospheric distillation equipment because the elbow on the entrance of the 

atmospheric distillation tower top exchanger was faced with serious washed 

erosion problem. The reduction in thickness of elbow due to corrosion were 

measured, grey system theory was used to predict the thickness of elbow in 

future and the results show that grey system model can be used for long term 

forecasting and is more accurate. 

Erdal (2010), used Grey system theory-based models in time series prediction. 

The simulation results show that modified grey models have higher 

performances not only on model fitting but also on forecasting. Since corrosion 

study has to do with time interval; this theory can be used to forecast the 

corrosion rate. Furthermore, Application of the grey system theory to predict 

the strength retrogression of concrete with gangue subjected to corrosion by 

sulphate was carried out by Daniel et al. (2014), in their work, grey prediction 

model was established to predict the strength development of the concrete with 
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gangue subjected to sulphate environment, the results indicate that grey 

prediction model shows enough precision to predict the strength development 

of the material.  

Additionally, Electrochemical Corrosion Behaviour and Prediction of 

Corrosion Rate for Low Alloy Steel after Tempering Treatment were conducted 

by Hongwei et al. (2015). The micro-structural images were obtained from 

scanning electronic microscope and optical microscope, and finally, the 

prediction model of corrosion rate is established by using grey system theory, 

simulations result shows that the obtained mathematical model is feasible, 

which can be well used to forecast corrosion rate for the low alloy steel 

prediction. Moreover, Xia et al (2016) carried out Safety Prediction of Soleplate 

Corrosion State in Petroleum Storage Tank Based on Grey Theory Model.  After 

prediction, he observed that predicted results meet measurement results well. 

Then he concluded that the model is suitable to use in the prediction of corrosion 

rate of a petroleum tank since that it reflected the status of corrosion rate in 

petroleum  

 

METHODOLOGY 

The steps used in the grey prediction model are shown in Figure 1. AGO means 

the accumulated generating operation, and IAGO means the inverse 

accumulated generating operation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Grey prediction procedure (Jie, 2010) 

Obtain the original data series r(0) 

Develop the AGO data series: r(1) 

Calculate the model parameter (U and V) 

using the least square method 

Predict the future point �̂�(1) 

Apply the IAGO to predict values for original 

data series 
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Grey model GM (1,1) Equations 

The corrosion rate was predicted by grey system theory indicated in equations 

1 to 7 

Suppose that the original series data is given as 

𝑟(0) = (𝑟(0)(1), 𝑟(0)(2), …… . 𝑟(0)(𝑛)) (1) 

Then construct the accumulating generation operation of 𝑟(1) to form a new 

series of data 

𝑟(1) = (𝑟(1)(1), 𝑟(1)(2), …… 𝑟(1)(𝑛))     (2)   

Where 𝑟(1)(1) = 𝑟(0)(1), 𝑟(1)(𝑘) = ∑ 𝑟(0)(𝑖),𝑘
𝑖=1 𝑟 = 1,2,3…𝑛. 

Based on above analysis, to obtain results n Matrices form equation 3 is also 

used 

𝑃𝑁 [
𝑢
𝑣
] = 𝑄𝑁(3) 

Where u is stating parameters and v is developing parameters 

𝑃𝑁 =

[
 
 
 
 
 
1

2
(𝑟(1)(1) + 𝑟(1)(2))            1

1

2
(𝑟(1)(2) + 𝑟(1)(3))            1

⋮
1

2
(𝑟(1)(𝑛 − 1) + 𝑟(1)(𝑛))    1]

 
 
 
 
 

,       𝑄𝑁 =

[
 
 
 
𝑟(0)(2)

𝑟(0)(3)
⋮

𝑟(0)(𝑛)]
 
 
 

           (4), 

To solve unknown co-efficient 𝑢 and 𝑣 apply  

[
𝑢
𝑣
] = (𝑃𝑁

𝑇𝑃𝑁)−1 . 𝑃𝑁
𝑇 . 𝑄𝑁                             (5) 

 

The discrete prediction model is obtained. 

𝑟(1)(𝑡 + 1) = (𝑟(0)(1) −
𝑣

𝑢
) 𝑒−𝑢𝑡 +

𝑣

𝑢 ,
,    𝑡 = 1,2…𝑛             (6),      

         

𝑟(0)(𝑡 + 1) = 𝑟(1)(𝑡 + 1) − 𝑟(1)(𝑡)                    (7)(Hongwei etal 2015) 

 

APPLICATION 

The corrosion rate of galvanized iron roofing sheet was monitored for a period 

of six months in Adamawa state, Nigeria. Four different coupons of the same 

size (180mm x 150mm) were suspended in four different places, Industrial, 

Riverine, Market and Urban, corrosion rates were determined for these coupons 

using fractal analysis method, the results of their corrosion rates are shown in 

table 1 
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Table 1: Measurement data of Corrosion rate of galvanized iron roofing sheet. 

locations Industrial Riverine Market Urban 

corrosion rate(mpy) 1.9941 1.9585 1.9565 1.9059 

                                                                                                       (Issa & Abba, 

2015) 

By applying grey system model described above and measurement data are 

substituted as original series data as thus: 

 

𝑟(0) = (1.9941, 1.9585, 1.9565, 1.9059) 

Then   accumulation generation sequence is constructed using equation 1 

 

𝑟(1) = (1.9941, 3.9526, 5.9091,7.815) 

Matrixes 𝑃𝑁 and 𝑄 are obtained using equation 3 

 

𝑃𝑁 = [
2.9734 1
4.9309 1
6.8621 1

],       𝑄𝑁 = [
1.9585
1.9565
1.9059

] 

 

Then the matrixes𝑃𝑁 and 𝑄𝑁  are substituted into equation (4). And the 

coefficients 𝑢 and 𝑣   are obtained by using least square method[
𝑢
𝑣
] =

[
−0.0123
2.0065

] 

The discrete response equation is gotten by using equation 5 as follows 

�̂�(1)(𝑡 + 1) = −161.1361𝑒−0.0123𝑡 + 163.1301 

Then accumulation generation sequence is obtained using equation above 

�̂�(1) = (1.994, 3.9598, 5.9096, 7.8316) 

Then forecast restore data are obtained as follows using equation 7 

�̂�(0) = (1.994, 1.9658, 1.9498, 1.922) 

 

RESULTS AND DISCUSSION 

Table 2: Forecast data of Corrosion rate of galvanized iron roofing sheet at 

different locations. 

locations Industrial Riverine Market Urban 

corrosion rate 1.994 1.9658 1.9498 1.922 

 

The measurement dates are compared with the forecast dates with GM (1,1) 

method as shown in Figure 2. 
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Figure 2: the comparison of measurement and forecast corrosion rate 

Table 2 presents the results of the forecast data while figure 2, shows the 

comparison graph between original data and forecast data.  It can be seen from 

this figure both data follow the same trend. This indicates that the obtained grey 

model is feasible, and reliable in forecasting the corrosion rate of galvanized 

iron roofing material. 

 

CONCLUSION 

This work presents and demonstrates the use of grey system theory for the 

prediction of corrosion rate using few data. Corrosion rate results gotten from 

the study of galvanised iron roofing materials were used as input parameters 

into grey system theory. The input parameters were processed followed the grey 

system theory method and procedure. The results obtained (forecast data) were 

compared with measuring data using graph, in order to determine the reliability 

of the model. The results show measurement data and forecast data have the 

same trend, which indicate the model theory is feasible in the prediction of 

corrosion rate. 
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