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JAPANESE INDUSTRIAL STANDARD JIS K 7020 : 1998 

Glass-reinforced thermosetting plastics 
(GRP) pipes and fittings-Methods for 

regression analysis and their use 

Introduction This Japanese Industrial Standard has been prepared based on the first edition issued 
in 1997 of IS0 10928, Plastics piping systems - Glass-reinforced thermosetting plastics (GRP) pipes 
and fittings - Methods for regression analysis and their use without changing the contents. 

T h i s  Standard has been prepared to cescribe the procedures intended.for 
analysing the regression of test data, usually with respect to time, and 
the use of the results in design and assessment of conformity with 
performance requirements. Its applicability has been limited to use with 
dsca obtained from tests carried out oñ samples. The referring standards 
require estimates to be made of the long-term properties of the pipe for 
such parameters as circumferential terisile strength, deflection and creep. 

The committee investigated a range of statistical techniques that could be 
used to analyse the test data produced by tests that were destructive. Many 
of these simple techniques required the logarithms of the data to 

a) be normally distributed; 

b) produce a regression line having a negative slope; and 

c) have a sufficiently high regression correlation (see Table 1). 

Nhilst the last two conditions can be satisfied, analysis has shown that 
there is a skew to the distribution and hence this primary condition is not 
satisfied. Further investigation into techniques that can handle skewed 
distributions resulted in the adoption of the covariance method for 
analysis of such data for this Standard. 

The results from non-destructive tests, such as creep or changes in 
deflection with time, often satisfy these three conditions and hence 
simpler procedures, using time as the independent variable, can also be 
used in accordance with this S t a n d a r d .  

1 Scope 

This Standard specifies procedures suitable for the analysis of data which, 
when converted into logarithms of the values, have either a normal or a 
skewed distribution. It is intended for use with the test methods and 
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referring standards for glass-reinforced plastics pipes or fittings for the 
analysis of properties as a function of, usually, time. However it can be 
used for the analysis of any other data. 

For use depending upon the nature of the data, three methods are specified. 
The extrapolation using these techniques typically extends the trend from 
data gathered over a period of approximately 10000 h, to a prediction of 
the property at 50 years. 

2 Principle 

Data are analysed for regression using methods based on least squares 
analysis which can accommodate the incidence of a skew andjor a normal 
distribution and the applicability of a first order or a second order 
polynomial relationship. 

The three methods of analysis used comprise the following: 

- method A: covariance using a first order relationship; 

- method B: least squares with time as the independent variable using 
a first order relationship (first 0rd2r rigression analysis); 

- method C: least squares with time as the independent variable using 
a second order relationship(s2cond order regression analysis). 

The methods include statistical tests for the correlation of the data and 
the suitability for extrapolation. 

3 Procedures for determining the functional relationships 

3.1 Linear relationships - Methods A and B 
3.1.1 Procedures common to methods A and B 

Use method A (see 3.1. 2) or method B (see 3.1. 3) to fit a straight line of 
the form 

y = a + b x x  . .  . (i) 

where : 

y is the logarithm (lg) of the property being investigated; 

a is the intercept on the y axis; 

b is the slope; 

x is the logarithm (19) of the time, in hours. 

I 

3.1.2 Method A - Covariance method 
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3.1.2.1 General 0 
For method A calculate the following variables in accordance with 3.1.2.2 
to 3.1. 2. 5: 

where : 

QY 

V X  

QXY 

Y 

QXY 

Y =  

X 

x =  

X i ,  Yi 

n 

n 

. . .  ( 2 )  

. . .  ( 3 )  

. . . ( 4 )  

is the sum of the squared residuals O f ’ y i  parallel to the y axis 
divided by the number of data, n ;  

is the sum of the squared residuals of xi parallel to the x axis 
divided by the number of data, n ;  

is the sum of the squared residuals O f x i , y i  perpendicular to the 
line, divided by the number of data, n ;  

is the arithmetic mean of the y data, i.e. 

ZYi 

n 
- .  

is the arithmetic mean of the x data, i.e. 

ZXi 

n 
- .  

are individual values; 

is the total number of results (pairs of readings for xi, y i ) .  

NOTE: 
i f  t h e  valce of Qxy i s  less than zero then the  slope is negat ive.  

I f  the  value of Qxy is grea ter  than zero the  s lope of t h e  l i n e  i s  p o s i t i v e  and 

3.1.2.2 Suitability of data 

Calculate the linear coefficient of correlation, r ,  and the squared, 13, 
using the following equations: 

Qxy2 

Qx X Qy 
r2 = . .  . (6) 

If the value of r2 or r is less than the applicable minimum value given in 
Table 1 as a function of n, consider the data unsuitable €or analysis. 
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Table 1 Applicable minimum values for 
n pairs of data 

Degree of 
freedom 
( n  - 2 )  

11 
1 2  
13 
14  

1 5  
1 6  
1 7  
1 8  

1 9  
20  
2 1  
22  

" Degree of 
freedom 

,. ín - 2 )  II values 
r 

Minimu 
1 2  

0 ,6416  
O ,  6084 
O ,  5 7 8 1  
O ,  5506 

0 ,5250  
O ,  5018 
O ,  4805 
0 , 4 6 0 6  

O ,  4425 
0 , 4 2 5 6  
0 , 4 0 9 9  
O ,  3953 

NOTE: In Table 1 

O ,  8010 
O ,  7800 
O ,  7603 
O ,  7420 

0 ,7246  
O ,  7084 
O ,  6932 
O ,  6787 

0 ,6652 
O ,  6524 
O ,  6402 
O ,  6287 

23  
24  
2 5  
3 0  

35  
4 0  
45  
5 0  

6 0  
7 0  
8 0  
90 

100 

r2 or r ,  for 

Minimum values 
13 

O ,  3 8 1 6  
O ,  3 6 8 9  
O ,  3 5 6 9  
O ,  3 0 7 0  

O ,  2 6 9 3  
0 , 2 3 9 7  
O ,  2 1 6 0  
O ,  1 9 6 5  

O ,  1 6 6 3  
O ,  1 4 4 3  
O ,  1 2 7 3  
O ,  1 1 3 9  

O ,  1 0 3 1  

r 

O ,  6 1 7 7  
0 , 6 0 7 4  
O ,  5 9 7 4  
O ,  5 5 4 1  

O ,  5 1 8 9  
0 , 4 8 9 6  
O ,  4'648 
O ,  4 4 3 3  

O ,  4 0 7 8  
O ,  3 7 9 9  
O ,  3 5 6 8  
O ,  3 3 7 5  

O ,  3 2 1 1  

snd elsewhere i n  this  S t a n d a r d ,  the  
equations and corresponding values f o r  1-2 and r are 
given, f o r  convenience of use i n  conjunction w i t h  
reference d a t a  published elsewhere i n  terms of only  r2 
or r .  

3.1.2.3 Functional relationships 

To find a and b for th? functional relationship line 

y =  a + b x x  

first set 

' lY  r = -  
Qx 

then calculate a and b using the following equations: 
b = -  k 

QZ 

. . (1) 

. . . ( 7 1  

. . .  ( 8 )  

. . .  ( 9 )  a = Y - b x X  
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3.1.2.4 Calculation of variances 

If tu is the applicable time to failure, then set 

xu = lg tu . . .  (10) 

Using equations (li), ( 1 2 )  and (13) respectively, calculate for  i = 1 to n 
the following sequence of statistics: 

- the best fit Xi' for true xi; 

- the best fit Yi' for true yi; and 

- the error variance, a b 2  for x. 

. . .  (11) 

. .  . (12) 

. .  . (13) 

Calculate the following quantities: 

2 x r x b x a b 2  
D =  . . . (15) 

n x Qxy 

Calculate the variance C of the slope b using the following equation: 

C = D X  ( 1 + E )  . . .  (16) 

3.1.2.5 Check for the  suitability of data for extrapolation 

If it is intended to extrapolate the line, calculate T using the following 
equation: 

b b 
T =  = -  

(variance of bl O p s  co.5 
- .  . (17) 

If the absolute value IT1 (i.e. ignoring signs) of T is equal to or greater 
than the applicable value for Student's t, shown in Table 2 for fn - 2 )  

degrees of freedom then consider the data suitable for extrapolation. 
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Table 2 

Degree 
of 

f reedoz 
ín - 2) 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

Percentage points of Student's t distr ibut ion 
(upper 2 , s  % points of confidence coefficient i 
two s ided 5 % l e v e l  of confidence; t, for 
9 7 ,  s % of confidence coefficient) 

Student I :  

t value 

t V 

12,7062 
4,3027 
3,1824 
2,7764 
2,5706 

2,4469 
2,3646 
2,3060 
2,2622 
2 ,'2281 

2,2010 
2,1788 
2,1604 
2,1448 
2,1315 

2,1199 
2,1098 
2,1009 
2,0930 
2,0860 

2,0796 
2,0739 
2,0687 
2,0639 
2,0595 

2,0555 
2,0518 
2,0484 
2,0452 
2,0423 

2,0395 
2,0369 
2,0345 
2,0322 
2,0301 

Degree 
of 

freedon 
ín - 2) 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
5 3  
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

Student I :  

t value 

t V 

2,0281 
2,0262 
2,0244 
2,0227 
2,0211 

2,0195 
2,0181 
2,0167 
2,0154 
2,0141 

2,0129 
2,0112 
2,0106 
2,0096 
2,0086 

2,0076 
2,0066 
2,0057 
2,0049 
2,0040 

2,0032 
2,0025 
2,0017 
2,0010 
2,0003 

1,9996 
1,9990 
1,9983 
1,9977 
1,9971 

2,0395 
2,0369 
2,0345 
2,0322 
2,0301 

Degree 
o f  

freedor 
in - 2) 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

Student ' i  

t value 

t V 

1,9939 
1,9935 
1,9930 
1,9925 
1,9921 

1,99l? 
1,9913 
1,9908 
1,9905 
1,9901 

1,9897 
1,9893 
1,9890 
1,9886 
i, 9883 

1,9879 
1,9876 
1,9873 
1,9870 
1,9867 

1,9864 
1,9861 
1,9858 
1,9855 
1,9853 

1,9850 
1,9847 
1,9845 
1,9842 
1,9840 
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3.1.2.6 Validation of statistical procedures by an example calculation 

The data given in Table 3 together with the results given in this example 
are fo r  use to verify that the other statist'ical procedures as adopted by 
users will produce results similar to those obtained from the equations 
given in this Standard. For the purposes of example, the property in 
question is represented by V, the values for which are of a typical 
magnitude and in no particular units. Because of rounding errors, it is 
unlikely that the results will agree exactly, so for the calculation 
procedure to be acceptable, the results obtained for r, r2, b, a, and the 
mean value of V, V,, shall agree to within I 0 , l  % of the values given in 
this example, as applicable. The values of other statistics are provided to 
assist checking of the procedure. 

Table 3 Basic data f o r  example calculation 
and statistical analysis validation 

n 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

V 

3.08 
3.08 
3.15 
3.15 

3.15 
3.15 
3.15 
3.22 

3.22 
3.22 
3.22 
3.29 

3.29 
3.29 
3.29 
3.36 

3.36 
3.36 
3.36 
3.36 

3.50 
3.50 
3.50 
3.50 

3.64 
3.64 
3.64 
3.64 

3.85 
3.85 
3.85 
3.85 

0.488 6 
0.488 6 
0.498 3 
0.498 3 

0.498 3 
0.498 3 
0.498 3 
0.507 9 

0.507 9 
0.507 9 
0.507 9 
0.517 2 

0.517 2 
0.517 2 
0.517 2 
0.526 3 

0.526 3 
0.526 3 
0.526 3 
0.526 3 

0.544 1 
0.544 1 
0.544 1 
0.544 1 

0.561 1 
0.561 1 
0.561 1 
0.561 1 

0.585 5 
0.585 5 
0.585 5 
0.585 5 

fieans: Y=0.530 1, x=2.9305 

time, t ( h )  

5 184 
2 230 
2 220 

12 340 

10 900 
12 340 
10 920 
8 900 

4 173 
8 900 

878 
4 110 

1301 
3 816 

669 
1 430 

2 103 
589 

1710 
1 299 

272 
446 
446 
684 

104 
142 
204 
209 

9 
13 
17 
17 

x ( l 0 g  t )  

3.714 7 
3.348 3 
3.3% 4 
4.091 3 

4.037 4 
4.091 3 
4.038 2 
3.949 4 

3.620 4 
3.949 4 
2.943 5 
3.613 8 

3.114 3 
3.581 6 
2.825 4 
3.155 3 

3:322 a 
2.770 1 
3.233 O 
3.113 6 

2.434 6 
2.649 3 
2.668 4 
2.835 1 

2.017 O 
2.152 3 
2.309 6 
2.320 1 

0.954 2 
1.113 9 
1.230 4 
1.230 4 
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Variances 

& =  0.798 12 ; 

Q Y =  0.000 80 ; 

&y = -0.02484 . 

Coefficient of correlation 

= -0.93808 ; 

1 - 1 =  0.879 99 . 

Functional relationships 

0.001 10 ; r - 

b = -0.031 12 ; 

0.621 29 . 

- 

- a - 

Calculated variances (see 3.1. 2.4) 

E =  7.6598 x 10-2 ; 

D =  1.053 7 x ; 

c =  1.1344 x 10-5 (the variance of b) ; 

6 b 2  = 1.2227 x lo-' (the error variance for x )  

Check of the suitability for extrapolation (see 3.1. 2. 5 )  

il = 32; 

tv = 2.0423; 

T = -0.031 12/(1.1344X10-5)0.5=-9.23953 ; 

I TI = 9.239 53>2.0423. 

The estimated meanvalues Kfor V at various times are given in Table 4 and 
shown i n  Fig. i. 

Table 4 Estimated mean values, 
V,, for V 

0.1 
1.0 
10.0 

100.0 

1 O00 
10 o00 
100 o00 
438 o00 

4.492 
4.181 
3.892 
3.623 

3.372 
3.139 
2.922 
2.791 
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where : 

50 

Values- 35 

25 

Fig, 1 Regression line from the results in Table 4 

3.1.3 Method B - Regression with time as the independent variable 

3 .l. 3 -1 General 

For method B calculate the following variables: 

S, = ~ ( y i  - . . .  (18) 
(The sum of the squared residuals parallel to the y axis) 

S, = E ( x i  - x)’ . . . (19) 

(The sum of the squared residuals parallel to the x axis) 

Sxy = E (Xi - X) x ( Y i  - Y) . - .  ( 2 0 )  

(The sum of the squared residuals perpendicular to the line) 

Y is the arithmetic mean of the y data, i.e. 

&Yi 

n 
y = - ;  
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X is the arithmetic mean of the x data, i.e. 

xi, Yi are individual values; 

n is the total number of results (pairs of readings for X i ,  y i ) .  

NOTE: 
i f  the  value of Sxy is l e s s  than zero then t h e  s lope  i s  negat ive .  

If  t he  value of CXY is  grea te r  than zero  t h e  s lope  of t h e  l i n e  is p o s i t i v e  and 

3.1.3.2 SÛitability of data 

Calculate the linear coefficient of correlation, ri and the squared, r2, 
using the following equations: 

. . . ( 2 2 )  

If the value of r2, or r, is less than the applicable minimum value given 
in Table 1 as a function of n, consider the data unsuitable for analysis. 

3.1.3.3 Functional relationships 

Calculate a and b for the functional relationship line [see equation (113, 
using the following equations: 

. . . (23) 
SXY 

SX 
b i -  

3.1.3.4 Check for the suitability of data for extrapolation 

If it is intended to extrapolate the line, calculate M using the following 
equation: 

. . . ( 2 5 )  

where : 

tv is the applicable value for Student's t determined from Table 2 .  

If M is equal to or less than zero consider the data unsuitable for 
extrapolation. 
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3.1.3.5 Validation of statistical procedures by an example calculation 

Use the data given in Table 5 for the calculation procedures described 
i n  3.1. 3. 2 to 3.1. 3. 4 to ensure that the statistical procedures to be used 
in conjunction with this method will give results for r, 9, b, a and mean 
values V, f o r  V to within f 0.1 % of the values given in this example. 

Table 5 Basic data for example calculation and 
statistical validation 

n 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

o, 10 
0,27 
o, 50 
1 , o o  
3,28 

7,28 
20, o 
45,9 

, 72,o 
166 

219 
3 84 
5 04 

3 O00 
1 0  520 

-1,0000 
-0,5686 
-0,3010 
O 
O, 5159 

O, 8621 
1,3010 
1,6618 
1,8573 
2,2201 

2,3404 
2,5843 
2,7024 
3,4771 
4,0220 

7114 
6935 
6824 
6698 
6533 

6453 
63 07 
6199 
6133 
56 92 

5508 
5393 
5364 
5200 
4975 

3,8521 
3,8410 
3,8341 
3,8259 
3,8151 

3,8098 
3,7999 
3,7923 
3,7877 
3,7552 

3,7410 
3,7318 
3,7295 
3,7160 
3,6968 

Means : X = 1,4450 Y = 3.7819 

Sums of squares 

S, = 31.6811; 

S, = 0,0347; 

sxy = -1,0242 

Coefficient of correlation 

r = -0.9775; 

3 = 0.9556. 

Functional relationships (see 3.1. 3. 3) 

a = 3.8286; 

b = -0.0323. 
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