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Foreword

ISO (the International Organization for Standardization) 1i1s a |worldwide
federation of national standards bodies (ISO member bodies). (The work of
preparing International Standards is normally carried oug“Dthfough ISO

technical committees. Each member body interested in a subjéct fo
technical committee has been established has the right to!be& repre

that committee. International organizations, govetnmental
governmental, in liaison with ISO, also take part™ in the |
collaborates closely with the International Electrbtechnical (
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical commit

circulated to the member bodies for voting. . Publication as an Inte
Standard requires approval by at least 75 % of the member bodies
vote.

International Standard ISO 10928 was prepared by Technical
ISO/TC 138, Plastics pipes, fittings and valves for the trar
fluids, Subcommittee SC 6, ReinfOrced plastics pipes and fitting

applications.
This International Standardiis technically identical to EN 705:199

Annex A of this International Standard is for information only.
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Introduction

This stanflard has been prepared to describe the procedures intended for

analysing
the use o

performanfe requirements.

data obtafined from tests carried out on samples.

require e

the regression of test data, usually with respect to time, and
f the results in design and assessment of conformity with

Its applicability has been limited to use Wwith
The referring standards

stimates to be made of the long-term properties of the pipe for

such parameters as circumferential tensile strength, deflectidn and creep.

The commi

ttee investigated a range of statistical techpigues that could be

used to apnalyse the test data produced by tests that wére destructive. Many

of these

simple techniques required the logarithms(.Of the data to

a) be| normally distributed;

b) prpduce a regression line having a negative slope;

c) hajve a sufficiently high regressien correlation

Whilst thle last two conditions can_bé~satisfied,

there is

satisfied|.

distribut

analysis

The resul
deflectio

simpler p

and

(see table 1).

analysis has shown that

b skew to the distributiorn”and hence this primary condition is not
Further investigatiénmi'into techniques that can handle skewed
ions resulted in theé~adoption of the covariance method for

of such data for(this standard.
ts from nonédéstructive tests, such as creep or changes in
n with time, often satisfy these three conditions and hence

rocedures, using time as the independent variable, can also be

used in alccordance with this standard.

© SO
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Plastics piping systems — Glass-reinforced
thermosetting plastics (GRP) pipes and fittings —
Methods for regression analysis and their use

1 Scope

This standard specifies procedures suitable for the analysis of data which,

when conperted into logarithms of the values, have either a normal or a
skewed dfistribution. It is intended for use with the test methods and
referrinf standards for glass-reinforced plastics pipes or fittings for the
analysis| of properties as a function of, usually, time. However it(cen be
used for|the analysis of any other data.

For use flepending upon the nature of the data, three methods\are specified.
The extrppolation using these techniques typically extends’the trend from
data gathered over a period of approximately 10000 h, €0'a prediction of
the propprty at 50 years.

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

The threp methods of analysiglused comprise the following:

- method A: covariance-using a first order relationship;

- method B: least\squares with time as the independent variable using
a firpt order relationship;

- method C: (least squares with time as the independent variable using
a secpnd order relationship.

The methp@s) 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

vy =a+ bx x (1)
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where:
vy is the logarithm (lg) of the property being investigated;
a 1is the intercept on the y axis;
b is the slope;
x is the logarithm (lg) of the time, in hours.
3.1.2 Method A - Covariance method
3.1.2.1 PReneral

For methd

d A calculate the following variables in accordance with 3.1.2.2

to 3.1.2.5:
T(yi - V)2
Oyl = (2)
n
D(x; - X)?2
Qx = (3)
n
C{(xi - X) x (yy - ¥V}
Qx = (4>
n
where:
Qv is the sum of the squared. résiduals parallel to the y axis
divided by n;
Ox is the sum of the sguared residuals parallel to the x axis
divided by n;
Oxy is the sum of_the squared residuals perpendicular to the line,
divided by n;
Y is the arivhmetic mean of the y data, i.e.
Lyi
Y |= i
7
X Tothe aritmmetic e of the =< data—TtT—==
TXi
X = ;
n
Xi, yi are individual wvalues;
n is the total number of results (pairs of readings for xi, yi).

©1SO
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NOTE: If the value of Qxy is greater than zero the slope of the line is positive and
if the value of Qxy is less than zero then the slope is negative.

3.1.2.2 Suitability of data

Calculate the squared, r?, and the linear coefficient of correlation, r,

using the following equations:

2

2l 2 .. ()
Uk X Uy

L l(r2>0,5| .. (&)

If the Yalue of r? or r is less than the applicable minimum value given in

table 1|as a function of n, consider the data unsuitable for analysis.

Table 1: Minimum values for the squared, r?, and linéar
coefficient of correlation, r, for acceptable
data from n pairs of data

Min%mum values Migimum values
n - 2) r r (n - 2) r r
11 00,6416 0,8010 23 60,3816 0,6177
12 0,6084 0,7800 24 0,3689 0,6074
13 0,5781 0,7603 25 0,3569 0,5974
14 0,5506 00,7420 3Q 0,3070 0,5541
15 0,5250 0,7246 35 0,2693 0,5189
16 00,5018 0,7084 40 0,2397 00,4896
17 0,4805 0,6932 45 0,2160 0,4648
18 0,4606 0,6787 50 0,1965 0,4433
19 0,4425 0 6652 60 0,1663 0,4078
20 00,4256 0,524 70 0,1443 0,3799
21 0,4099 90,6402 80 0,1273 0,3568
22 0,3953 0,6287 90 0,1139 0,3375
100 0,1031 0,3211
NOTE: In<table 1 and elsewhere in this §tandard, the
cquationsyand corresponding values for r° and r are
yiven,\for convenience of use in conjunction with B
reference data published elsewhere in terms of only r
Or/x.

3.1.2.3 Functional relationships

To find a and b for the functional relationship line

y= a+bxx <. (D)
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first set
Qy

' = — (7)
Ox

then calculate a and b using the following equations:

b = _(Iﬂ)O,S (8)

a=Y-bx X e (9)

3.1.2.4 [Calculation of variances

If ty is fhe applicable time to failure, then set

xu| = 1g ty NJ (10)

Using equlations (11), (12) and (13) respectively, calculate for~1i = 1 to n

the following sequence of statistics:

- the| best fit x3' for true xj;
- the| best fit yi' for true yi; and

- the| error variance, 052 for x.

' x x4 + bx (yi - a)
x| = ... (1)
2 x T

vil = a + b x xi' ... (12)

(Z(yi - yi")?%2 + T x (X - x3')2)

(n - 2)X\T
Calculate the following gquantities:

b x gs2
g l= ... (14)
2 X Qxy

2 XSP*X b x g2
D |= ... (15)
n X Oxy

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

C=Dx (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:

©{S0O


https://standardsiso.com/api/?name=a848e6320ca47500fb24a52f9533e930

©1S0 ISO 10928:1997(E)

b
T = = co. (17)

crmamat mm i o L\ 0O 8
vadr i1Lalice OL O) 7

o

o
w

Q

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

degrees of freedom then consider the data suitable for extrapolation.

Table 2: Percentage points of Student's t distribution
(upper 2,5 % points; two sided 5 % level of

contidence; t, tor 97,5 %)
Degree Student's| Degree Student's| Degree Student'sl
of t value of t value of t walue ||
freedom freedom freedom |
(n - 2) ty (n - 2) ty (n - 2) tyy |
I
1 12,7062 36 2,0281 71 1,9939 |
2 4,3027 37 2,0262 72 1,9935 |
3 3,1824 38 2,0244 73 1,9930 |
4 2,7764 39 2,0227 74 1,9925 |
5 2,5706 40 2,0211 75 1,9921
6 2,4469 41 2,01958 76 1,9917
7 2,3646 42 2,0181 77 1,9913
8 2,3060 43 2,0167 78 1,9908
9 2,2622 44 270154 79 1,9905 ||
10 2,2281 45 2,0141 80 1,9901
11 2,2010 46 2,0129 81 1,9897
12 2,1788 47 2,0112 82 1,9893
13 2,1604 48 2,0106 83 1,9890
14 2,1448 49 2,0096 84 1,9886
15 2,1315 50 2,0086 85 1,9883
16 2,1199 51 2,0076 86 1,9879
17 22098 52 2,0066 87 1,9876
18 21009 53 2,0057 88 1,9873
19 2,0930 54 2,0049 89 1,9870
20 2,0860 55 2,0040 90 1,9867
21 2,0796 56 2,0032 91 1,9864
22 2,0739 57 2,0025 92 1,9861
23 2,0687 58 2,0017 93 1,9858
24 2,0639 59 2,0010 94 1,9855
25 2,0595 60 2,0003 95 1,9853
26 2,0555 61 1,9996 96 1,9850
27 26518 62 59596 57 9847
28 2,0484 63 1,9983 98 1,9845
29 2,0452 64 1,9977 99 1,9842
30 2,0423 65 1,9971 100 1,9840
31 2,0395 66 1,9966
32 2,0369 67 1,9960
33 2,0345 68 1,9955
34 2,0322 69 1,9949
35 2,0301 ! 70 1,9944
L



https://standardsiso.com/api/?name=a848e6320ca47500fb24a52f9533e930

ISO 10928:1997(E)

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 for use to verify that the other statistical 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
unlikely
procedure
mean valu
this exam

assist ch

and in no particular units. Because of

rounding errors, it is

Fhat the results willl agree exactly, so
to be acceptable, the results obtained
p of V, Vg, shall agree to within + 0,1
ble, as applicable. The values of other
pcking of the procedure.

ror the calculation

for r, r?, b, a, and the

% of the wvalues given in

statistics are provided to

©1SC
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Table 3: Basic data for example calculation
and statistical analysis validation
n v )% time X
(1g V) (1g time)
h (time in h)
1 30,8 1,4886 5184 3,7147
2 30,8 1,4886 2230 3,3483
3 31,5 1,4983 2220 33,3464
4 31,5 1,4983 12340 4,0913
5 31,5 1,4983 10900 4,0374
6 31,5 1,4983 12340 4,0913
7 31,5 1,4983 10920 4,0382
8 32,2 1,5079 8900 3,9494
9 32,2 1,5079 4173 3,6204
10 32,2 1,5079 8900 3,9494
11 32,2 1,5079 878 2,9435
12 32,9 1,5172 4110 3,6138
13 32,9 1,5172 1301 3,%143
14 32,9 1,5172 3816 3,5816
15 32,9 1,5172 669 2,8254
16 33,6 1,5263 1430 3,1553
17 33,6 1,5263 2203 3,3228
18 33,6 1,5263 589 2,7701
19 33,6 1,5263 1710 3,2330
20 33,6 1,5263 1299 3,1136
21 35,0 1,5441 272 2,4346
22 35,0 1,5441 446 2,6493
23 35,0 1I,5441 466 2,6684
24 35,0 1,5441 684 2,8351
25 36, 4 1,5611 104 2,0170
26 36,4 1,5611 142 2,1523
27 36,4 1,5611 204 2,3096
28 36,4 1,5611 209 2,3201
29 38,5 1,5855 9 0,9542
30 38,5 1,5855 13 1,1139
31 38,5 1,5855 17 1,2304
32 38,5 1,5855 17 1,2304
Means: Y = 1,5301; = 2,9305

Sums of squares

Ox
Qy
Qxy

It

0,79812;

7

0,00088;

-0,02484.
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Coefficient of correlation

r2

r

0,87999;

0,93808.

Functional relationships

T = 0,00110;

b = -0 _03317.

a = 1,62731.
Calculated variances (see 3.1.2.4)

E = | 3,5202 x 107%;

D = 4,8422 x 107%;

c = 5,0127 x 10°® (the variance of b);

0§22 = 5,2711 x 102 (the error variance for x).
Check of the suitability for extrapolation (see 3.1.2.5)

n =| 32;

tv = 2,0423;

T =| -0,03317/(5,0127 x 1076)0%.5 = -147,8167;

|T| =| 14,8167 > 2,0423.

The estim

shown in

Figure 1.

hted mean values for V. .at, various times are given in table 4 and

Tablle 4: Estimated(mean values,
Va, for @7
time Vi
h

0,31 45,76
.0 42,39
10,0 39,28
100,0 36,39
1000 33,71
10000 31,23
100000 28,94
438000 27,55

©1SO
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Values
50
45,76
- /— Observations
35 — (L]
L] L]
L] L] -
Regression /\\
27,55
25 T T T T T |
10 100 10’ 10? 10° 104 105 108
Time [h]
Figure 1l: Regression line' from the results in tabled 4
3.1.3 Method B - Regression;with time as the independent variable

3.1.3.1 General

For method B calculate the following variables:
Sy = D(yfs Y)?2

(The sumy©f the squared residuals parallel to the y axis

SN2 Z(x; - X)2

(The sum of the squared residuals parallel to the x axig

Sxy = Z{(xy - X) x (y3 - V)}

(The sum of the squared residuals perpendicular to the 1
WITEeT e
Y is the arithmetic mean of the y data, i.e.
Lyi
Y = ;
n

~

~

ine)
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X is the arithmetic mean of the x data, i.e.
)35 <}
X = ;
Il

Xi, yi are individual values;

n is the total number of results (pairs of readings for xi, yi).
NOTE: If the value of Sxy is greater than zero the slope of the line is positive and
if the value of Sxy is less than zero then the slope is negative.

3.1.3.2 S$uitability of data

Calculate

using the

2

Qi

o
3
ot
o
o o
—
o <

3.1.3.3

Calculate
using the

b

3.1.3.4

If it is

equation:

where:

and the linear coefficient of correlation;

Sx X Sy
- |(r2)m5|

A ~c -2 e o K-
Lue or r=, Or r, 1S5

| as a function of n,
Functional relationships

a and b for the functionad\relationship line [see equation

following equations:

Sxy

Sx
- Y - b x X

"heck for(the suitability of data for extrapolation

interided to extrapolate the line,

r,

(L1,

calculate M using the following

tv? X (Sx X Sy - Sxy?)

Sxy? (n - 2) x Sy2

tv 1is 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.

10

©1SO
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Use the data given in table 5 for the calculation procedures described
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in 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, 2, a

within + 0,1 % of the wvalues given in this example.

Table 5: Basic data for example calculation and

statistical validation

X ¥
n Time (lg t) \% (lg V)
h (t in h)
1 0,10 -1,0000 7114 3,852
2 0,27 -0,5686 6935 3,8410
3 0,50 -0,3010 6824 3,8341
4 1,00 0 6698 3,8259
5 3,28 0,5159 6533 3,8151
6 7,28 0,8621 6453 3,8098
7 20,0 1,3010 6307 3,7999
8 45,9 1,6618 6199 3,7923
9 72,0 1,8573 6133 3,78717
10 166 2,2201 5692 3,7552
11 219 2,3404 5508 3,7410
12 384 2,5843 5393 3,7318
13 504 2,7022 5364 3,7295
14 3000 364771 5200 3,7160
15 10520 40220 4975 3,6968
Means: X\= 1,4450 3,7819

Sums of squares

Sx = 31¢6811;
Sy = Q,0347;
Seyism>  -1,0242.

Coefficient of correlation

r2 - 0,9556 .

r = 0,9775.

Functional relationships (see 3.1.3.3)

a 3,8286;

b -0,0323.

b and V, to

11
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Check of the suitability for extrapolation (see 3.1.3.4)
tvy = 2,1604;

M = 942,21.

The estimated mean values, Vj,, for V at various times are given in table 6.

Table 6: Estimated mean
values, V,, for V

Time Vi
h

0,1 7259

1,0 6739

10,0 6256

100,0 5808

1000 5391

14000 5005

104000 4646

434000 4428
3.2 Secpnd order polynomial relationships - Method C

3.2.1 General

This methgd fits a curved line of the(form

y+c+dx x+ ex x? ... (26)
where:
y s the logarithm (Tlg) of the property being investigated;
c s the intercept on the y axis;

d, e are the coéfficients to the two orders of x;

X s the.dogarithm (lg) of the time, in hours.

3.2.2 Variables

For method C calculate the following variables:

IX; (sum of all individual x data);

£xq2 (sum of all squared x data);

Ixi3 (sum of all x data to the third power);

rx;d (sum of all x data to the fourth power);
Tyy (sum of all individual y data);

(Zyi)? (squared sum of all individual y data);

ryi? (sum of all squared y data);

12
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(sum of all products xiyi) i

(sum of all products x°2yi);

(sum of the squared residuals parallel

to the x axis for the linear part);

(sum of the squared residuals parallel
to the x axis for the quadratic part);

(sum of the squared residuals parallel

where:

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

Lyi

n

X is the arithmetic meanef the x data, i.e.

3.2.3 Solution /system

Determine ¢y .d and e

tTo the y axis);

(sum of the squared residuals
perpendicular to the lime ‘for [the linear

part) ;

(sum of the squarediresiduals
perpendicular teosthe line for [the

quadratic part)s.

(see 3.2.1) using the following matrix:

o = cXxn +dx Ixi + e x Lxj? (27a)
T(xiXyi) = C x Ixg + d x Ix? + e x x> (27b)
T(xi2xyy) = ¢ x £x52 + d x Ix3 + e x £xt (27¢)

NOTE: Examples showing the procedures that

can be used are detailed

in annex A.

13
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3.2.4 Suitability of data

Calculate

using the

the squared, r?, and the linear coefficient of correlation, r,

following equations:

cxTyi + dxE(xixyi) + exI(xi?xy) - [(Zyi)?/n]

Tyi? - [(Zyi)?/n]

I(r2>05l (29)

If the wval
in table 1

3.2.5

If it is 1

equation:

M A

ue of r2, or r, is less than the applicable minimum value given

as a function of n, consider the data unsuitable for analys¥s-

Chdck for the suitability of data for extrapolation

ntended to extrapolate the line, calculate M using«the following

sz Sxx2 tV2>< (SXX*%/ - S{yz + ‘SCXX‘%/ - Scxyz ) X .
. _ ... (30)
(n - 2)x8y°

2

Sxy Sxxy2

If M is equal to or less than zero consider the‘data unsuitable for

extrapolat

3.2.6 Val

Use the d3
in 3.2.2 {
conjuncti

within +

ion.

idation of statistical procedures by an example calculation

ta given in table 5 for.the calculation procedures described
0 3.2.5 to ensure thatithe statistical procedures to be used in
n with this method will give results for r, r?, a, b and V, to

,1 % of the valdes'given in this example (n = 15).

Sums of squares and Other variables

Tx34 = 217671 ;
Ixi2 |- 62,989;
rx;3 180,623;
x4 = 584,233;
Ly = 56,728 ;
(Zyi)? = 3218,09;
Lyi? = 214,574;
IxXiyi = 80,932;
Ixi%yi = 235,175;
Sx = 31,681;

14
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Sxx =  386,638;
Sy = 0,347;
Sxy = -1,0242;
Suxy = -3,0418.

Solution system (see 3.2.3)

c = 3,8288;
ol = -0,0262;
e = -0,0022.

Coefficient of correlation (see 3.2.4)

r? = 0,9647;

r = 0,9822.

Check of the suitability for extrapolatiofnJSsee 3.2.5)

tv = 2,1604;

M = 15859,6.

The estimated mean values, Vg, @or V at various times are given

and shown in figure 2.

Table 7: Estimated_mean values,

Va, for W

Time Vi
h

0),°1 7125

1,0 6742

10,0 6315

100,0 5856

1000 5375

10000 4884

100000 4393

438000 4091

in table 7

15
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Values
9000 —
7125 Observations
L
6000 — ~
4500 —
Regression 4091
3000 | 1 ! | T T
107 10° 10! 102 108 104 10° 109
Time [h]
Figure 2: Regression line from:the results in table 7
4 Application of methods to.product design and testing
4.1 General
The referring standardg specify limiting requirements for the propepties
and performance of ar-product. Some of these are based on destructiveg tests,
for example hoop ténsile strength, whilst others are based on actual or
derived physicall\properties, such as stiffness.
Where the physical property being determined enables both method B gnd
method Ct6 be used then both procedures shall be performed. The value for
r2 andfor r determined for each procedure shall be compared and the |value
fo¥, ¥he property determined using the procedure with the highest r’lor r
value shall be taken as the value for the property. If the referring

standard specifies for such properties a method then only that procedure

shall be performed.

In either case, many of these properties need an extrapolated long-term

(e.g. 50 years) value for comparison with the requirement. This

extrapolated value is determined by inserting, as necessary, the values for

a, b, ¢, d and e, determined in accordance with 3.1 or 3.2 as appropriate,

into equation (31) or (32) respectively.
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lg y = a+ b x ty ... (31)
lg y = c + dx t, + e x t12 ... (32)
where:

tr, is the logarithm (lg) of the long-term period, in hours,
[for 50 years (438000 h), t = 5,64147].

fal il J el - L\ LD Wed . h . o | . -
SOTvVIg—Cte CLiuClt.LUJ.J., oI/ Or—(ozZ7, IOor Yy gIves e TXCtraporaceca value for

comparison with the requirement specified in the referring standard.

For supplementary procedures, where relevant, for the appli@cation of the
results to derive design requirements, see 4.2 and the~worked examples

given in 4.3 to enable validation of any calculation facilities ysed.

For their use for testing products, to predict _,and verify the abllity of a
product to conform to a specified requirement/, see 4.4 and the examples
given in 4.5 to enable validation of any calculation facilities ysed.

The wording of 4.2 to 4.5 is appropriate to specification limits|in terms
of minimum values, long-term performance at 50 years and short-te¢rm
performance at 6 min. For limits;comprising maximum values or other time

periods, appropriate adjustmentiS are necessary.
In conjunction with samplding requirements and limits on the acceptable

levels, if any, on the\duantity of non-conforming products to be|specified
by referring standards and in certification or quality plans, as
appropriate, thege methods can be used for quality control purposges.
4.2 Design

4.2 /' Regression values

4.2.1.1 Derived long-term values

Where it is assumed that, from initial short-term tests on pipe
representative of such a design, the mean value of the property being
investigated, Vo,m, and the estimated standard deviation, ¢, of the initial
test results are known, the procedures for designing a pipe to conform to a

requirement of a referring standard are as follows.

17
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If a safety factor, Fs, is specified, calculate the minimum long-term
(50 years) value for the property, Vso,min., (see figure 4), using the

following equation:

Vs0,min.= Fs X Vs0,s,min. ... (33)
otherwise:
V50, min.= V50,8, min. ... (34)
where:
Vs0,s,mif. 1S the specified minimum long-term (50 years) requirement.

4.2.1.2 Regression ratio (see figure 3)

Calculate |the regression ratio, Rg, using the following equatign:

extrapolated long-term (50 year) property value )
Rr F ... (35
extrapolated short-term (6 min) property value

Vso
Rp  — ... (35)
Ve

where botH the 50 year and the 6 min extrapolated property values are
calculated using equation (31) or (32),, as applicable, except that for the
6 min valye the logarithm of 0,1 h (e\win), i.e. -1, is used in place
of 5,64147.

18
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Property
% ® [nitial test results
iy <+ Long-term test results
] N6
IR Regression ratio: Rg=Vso/Vj
] -~
| ~ C=Vo/Vs
) RS
p— 1 ‘\
| ~
I :P~t\\\\\‘
1
! Smm
- 1
| +
]
. +
I -+ + -+
=] 1
I + -
| e
I S
| Se L
] 1 ~
1 V5ol
| I
] I
1 1
T I T T T T T ]
0,1h Time 0 years

Figure 3: Extrapolated values

4.2.1.3 Factor C (see figure 3)

Calculate the factor C, whichh\relates the extrapolated 6 min vaflue to the

test result for the initial)tests on the pipes, using the following
equation:

initial property value Vo

extrdpolated 6 min property value Vs

19
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4.2.2 1Initial values

Property
oD V.,
V%4 0d .
1,960 % Key:
& v Lmin is the minimum line
6,min

1 Vo,min \ Z= (FS - 1) x Vs0,6,min

V50,min

i Vso,s,min
' T T | T T I

0,1h Time 50 years

Figure 4: Derived values
4.2.2.1 Minimum initial property value (Vo min.)

Derive th¢ minimum initial property value, Vg min., using the following

equation:
C X Vso,min.
Vo min, = ———————— ... (37)
Rr
where:
C is calcudated using equation (36);

V50, min is c¢alculated using equation (33) or (34);

Rr fs' calculated using equation (35).

4.2.2.2 Property design values
Derive the design value for the initial property, Vo,4, using the following
equation:

Vo,a = Vo,min. + 1,96 x @ ... (38)

20
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where:

¢ 1is the standard deviation of the short-term test results for
this property.

The factor 1,96 assumes that a 2,5 % failure criteria is acceptable. Where

other percentage failure criteria are specified in the referring standard
then the relevant factor obtained from standard statistical references
shall be substituted for 1,96.

NOTE: Where the standard deviation can be expected to increase with~an) ihcrease in
mean property values, and vice versa, then the design property values”for|different
levels of the property can be obtained using a constant coeffici&nt: of vafiation.

Determine the short-term (6 min) and long-term (50 years) design |property

values, and hence the design line as follows:

- determine the estimated 6 min design propérty value, Vg g, psing the
following equation:
Vo,a

Ve,a = ... (39)
C

where:

C 1is determined in accokdance with 4.2.1.3;

- determine the estimated 50 years property value, Vsg,g4, usimg the

following equation:
Vso,a = RrR X V5,4 ... (40)
where:

Rr 1isrthe regression ratio determined in accordance with 4.2.1.2;

- 1if_applicable (see 4.1), determine the equation for the linear design

liné/as follows:
lg Ve ,q = ag + (b x 1lg t) ... (41

where:

Ve,q4 1s the design property value at a given time ¢t;

b is the slope of both the minimum and the mean linear

regression lines;

agq is the constant of the linear design line;
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where:

ad=a+5d .o (42)

where:

a is the constant of the property value mean linear line [see

equation (1)1];

Sa=— 1o (43)

- if dpplicable (see 4.1), determine the equation for the second order

design
1lg
where:

Ve, a

d, 4

Ca

whel

curve as follows:

Vi a = ca + (dx 1lg t) + {e x (1g £)?} A (44)

is the design property value at a given time ¢;

are the coefficients of both the design cupve/and the mean

second order regression curve;

is the constant of the second order design curve;

Fe:

ca = Cc + 04 ... (45)
where:

- is the constant of the the second order mean regression

curve [see equatiom(26)];

Vo,4d

0g = 1lg
VO,m

imples for validation of calculation procedures
design

4.3 Exg
fox
4.3.1 Ge

heral

Use the data given in 4.3.2 and 4.3.3, as applicable, to verify that the
calculation procedures used will give results for a, b, ¢, d, e, 2, r,

V50,min., Ve,min., Vo,min. and Vo, g4 toO within + 0,1 % of the example wvalues.

22
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4.3.2.1 The problem

Assuming that

ISO 10928:1997(E)

Example 1: Linear relationship; destructive test failure behaviour

a) the data given in table 3 are burst test pressure results, in bars;

b) table 4 comprises the results of the regression analysis of these

safety factor,

Table 8:

determine the design values for a PN 10

burst—test—dota for = pressure pipe;

comparable wall build-up, as given under a) and b),

Fg, of 1,8.

Initial burst test results

Values ifi, barsl)

(nominal presgsure)

52,0
47,3
45,9

44,5 49,0 50,3 46,7 51,1
49,7 53,3 51,1 46,20 50,3
49,1 48,8 46,7 4958 53,6

Mean initial burst pressure Po,m = 49,18
Standard deviation a =

2,59

4.3.2.2

a

]

b

Calculations and(final results

For the data in table 3 (see 3.1.2.6):

1,6273X;

-0,083317,

and hence J{table 4):

c) initial burst test data are available in table 8 for(a pil

pipe

with a

ps\= 45,76 bar;
Pso = 27,55 bar.
Using equation (38):
Pso 27,55
Rg = = = 0,6021.
Ps 45,76
Using equation (36):
Po,m 49,18
C = = = 1,0747.
Ps 45,76

1) 1 bar = 10° N/m2 = 0,1 MPa

pe with a
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The design values for the PN 10 pipe with a safety factor of 1,8 then
become:
using equation (33):

DP50,min. = Fs X Pso,s,min. = 1,8 x 10 bar = 18 bar;

Ps50,min. 18
P6,min. = = bar = 29,9 bar;
Rg 0,6021

and using |equation (35) and (37):

Do hin. = C X Pe,min. = 1,0747 x 29,9 bar = 32,1 bar;
using equdgtion (38):

Po h = Po.min. + 1,96 x ¢ = 32,1 + 1,96 x 2,59 = 37,18 bar.
The 6 min [and 50 years design values are derived using equations (39)

and (40) :

po/d 37,18
Ps,p = = bar = 34,6 bar
C 1,0747

Psola = RrR X ps,a = 0,6021 x 34,6 bar = 20,83 bar
These equdgtions give rise to the plots shown@n figure 5.

Pressure (bar)
40

37,18

Key:
Ly isthe design line
Lmin is the minimum line

15

I T 1 1 T T
102 10" 10° 10’ 102 103 104
Time [h]

Figure 5: Example for pressure
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4.3.3 Example 2: Second order relationship; non-destructive test (creep)

behaviour

4.3.3.1 The problem

Assuming that

a) the data given in table 5 are ring stiffness test results,

newtrong per Q(IIIFJTP metrre .

b) tables 6 and 7 comprise the results of the regression anal

these ring stiffness test data;

c) initial ring stiffness test data are available ina table 9

with a comparable wall build-up as for a) and b),

determine the design values for a SN 5000 pipe with a minimum lor]

ring stiffness of 2000 N/m? and a safety factonm,*Fs, of 1,0.

Table 9: Initial ring stiffness test results

Values in newtons pexr square metre

7540 7200 6970 7190 7760
7170 7100 7310 6990 7180
Mean initial ring stiffness So,m = 7241
Standard deviation o = 243

4.3.3.2 Calculations and definitive results

Using method B (limear relationship,

r? 09556 ;

r

079775.

see 3.1.3.2 and 3.1.3.5):

Usingéthod C (polynomial relationship, see 3.2.4 and 3.2.6):

22 0,9647;

r = 0,9822.

in

ysis of

for pipes

g-term

Because r?, or r, obtained using method C is greater than that obtained

using method B, the line derived using method C is the more appropriate and

therefore the results given in 3.2.6,

are the following:

c = 3,8288;
d = -0,0262;
e = -0,0022,

calculated from the data in table 5,
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and hence (table 7):

Se 7125 N/m2;

Sso 4091 N/m?2.

From these results, it follows that:

using equation (35):

RR b — = ——— = 0,5742;

using equaltion (36) and the results given in table 9:

Se 7125

The desigr] values for a SN 5000 pipe with minimum long-term ring stiffness

of 2000 N/m? and a factor of safety of 1,0 then become:

using equdgtion (34):

S50/, min. = S50,s,min. = 2000 N/mzi
S50, min. 2000
S6 ,in. = = = 3483(N/m?,
Rg 0,5742

and using|the equations (35) and (37):
Soin. = C X Se,min. = 170163 x 3483 N/m? = 3540 N/m?.

The value|for So,min. from he initial reguirement (5000 N/m2?) is greater
than the ¢ne from the lorng-term requirement (3540 N/m?), therefore the

relevant value is:
S0 lnin. = 5000 N/m2.

Hence, usjing¢eéduation (38) and the results given in table 9:

S0,d = So,min. * 1,96 X 0 = 5000 + I,96 X 243 = 5476 N7

The 6 min and 50 years design values are derived using equations (39)
and (40) :

So,a 5476
Se,a = = N/m?2 = 5388 N/m?
c 1,0163

Sso,a = Rg X Sg,a = 0,5742 x 5388 N/m? = 3094 N/m?
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Based on the initial requirement (5000 N/m?) the 6 min and 50 years minimum
values are also derived using equations (39) and (40) :

S0, min. 5000

N/m? = 4920 N/m?

il

SO,G,min. =
C 1,0163

S0,50,min. = RR X So,6,min. = 0,5742 x 4920 N/m? = 2825 N/m?

These equations give rise to the plots shown in figure 6.

Stiffness [N/m?]
6400
5476
4800 — 5000
3540
3200 —
2400 —
Key:
Lg is the design line Na
Lomn. Is the.min: line based on initial requirement, S, min. 4000
Limn. Is:themin. line based on long-term requirement, S, mn.
1600

T T [ I T T T
102 1071 10° 10! 102 10° 104 108 108
Time [h]

Figure 6: Example for ring stiffness

4.4 _Procedures for verifying conformance to product |design
and performance values

4.4.1 General

Given the following assumptions:

a) a pipe design is to be verified by short-term tests or by both

short-term and long-term tests on a product;

b) the design value, Vp, g, of the property being investigated has been

determined in accordance with 4.2,
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llowing procedures as applicable to show that the product

o the design requirements, where:

- method 1 (see 4.4.2) is valid for destructive test behaviour;
- method 2 (see 4.4.3) is wvalid for non-destructive test behaviour.
4.4.2 Method 1 - Verification using destructive test data

4.4.2.1 Relationship between design value and/or minimum line

Using the
unless oth

requiremern

When a lan
assessed t

conformity

the

value

a)

b) no

(see 4

When a smd
being asssg

referring
c) thg
the st

d)

(see 4

no

4.4.2.2 1]

Where tim

nd test results of products

property design values determined in accordance with 4.2.2.2
erwise specified in the referring standard the following
ts shall be used to assess conformity with the standard.
more than 20 consecutive results, ig‘being

ge i.e.

hen the following conditions shall be satisfied,t®) show

group,

with the referring standard:

mean of the results shall be equal to or greater than the design
see 4.2);

Q
%

individual result shall be less than,80 of the minimum value

2) .

111 sample, i.e. up to and including five consecutive results, is
ssed then the following conditions shall be satisfied unless the

standard specifies otherwise:

L mean of the sample (Shall not be less than the design value minus

indard deviation used to determine the design value (see 4.2);

[
<

individual result shall be less than 80 of the minimum value

2).

Relationship between design line and product data

s other than zero, 6 min or 50 years are specified in the

42 2 2) shall -be-usged-to

L4\
\ L7

referring

determine

28
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the design value, Vi,q (see figure 7).
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Property

Design line

Minimum line

4.4.2.3

I Requirement
IJ// a

L. Time ly

Figure 7: Property test values

Relationship between minimum line and product data (sed figure 7)

Where times other than zero, 6,*min or 50 years are specified in [the

referring standard then the’following equation shall be used to |determine

the minimum required valGe, Vi min.-

1g Ve,min. = @min. + (b x 1lg t) ... (46)
where:

Ve, min. @8 the minimum property value at a given time t;

b is the slope of both the minimum and the mean line;

At is the constant of the minimum line;

where:
Amin. = & + Omin. ... (47)
where:

a 1is the constant of the mean property value line [see

equation (1)];

VO, in.
Onin. = 1g — ... (48)
VO,m
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4.4.2.4

Conformance to a design property value,

Ve,q, after a

specified time t (see figure 7)

Where either the time to failure for the design line, tg, or the time to

failure for the minimum line,

tmin., 1S to be verified the appropriate one

of the following equations shall be used:

1g

lg

4.4.3 Method 2 -

1g Ve,a - aa

ta = (49)
b
19 Vt,min. - @min.
tmin. = 5 ... (B0)

Verification using non-destructive test data

NOTE: Non-destructive tests for verification of long-term design or
phy§ical property behaviour are usually creep tests. Tt is assumed
that the period of time for testing, t., and relapged property
regiirements are specified in the referring stamdard (see
alsp 4.4.1).

4.4.3.1 Relationship between design and/or minimtm line

For these

are appli

4.4.3.2

Where tim|

referring
(47) and
thd (for

4.4.3.3

and test results of products

relationships the assumptions.dnd requirements given in 4.4.2.1
Cable.

Relationship between design line and product data

s other than zero,\.6 min or 50 years are specified in the
(46),

shall be used to determine the design value,

standard then eguations (41) and (44)
(48) (see 4.202%2)
principle see figure 7).

as well as equations

Relationship between minimum line and product data

4.4.3.3.1

Linear relationship (see figure 7)

For the 1

given in

30

inear relationship, the assumptions, procedures and equations

4.4.2.3 are applicable.
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4.4.3.3.2 Second order polynomial relationship (for principle
see figure 7)

Where times other than zero, 6 min or 50 years are specified in the
referring standard then the following equation shall be used to determine
the minimum required wvalue, Vi min..

19 Ve min. = Cmin. + (d x 1g t) + {e x (lg t)?2} ... (51)

where:

Ve ,min. 18 the minimum property value at a given time t;

d, e are the coefficients of both the minimum andrthe mean

regression line;

Cuin. is the constant of the minimum line;

where:
Cmin. = C + Omin. ... (52)
where:

c 1is the constant of the mean property value line [see
equation (26)1];

VO,min.
Omin. = 1lg —— ... (53)
Vosm

4.4.3.4 Conformance“to a design property value, V., 63, after a

specified/time t (see figure 7)

To verify théat a product conforms to a design value Vi, 64, or a mipimum
value Vesmiy., after a time t. specified in the referring standard the
followilg equations shall be used to determine the relevant valu¢s where t
is to)be replaced with tc:

for the linear relationship:

19 Vi g = aq + (O X 1g T) ... (41)

1g Vi ,min. = @min. + (b x 1lg t) ... (46)

and for the second order polynomial relationship:
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