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1. Scope line may be assumed to continue beyond the experimental
1.1 This test method describes a procedure for obtaining Beriod, through at least 100 000 h (the time intercept at which
long-term hydrostatic strength category, referred to herein af)€ material's LTHS is determined). In the case of polyethylene
the hydrostatic design basis (HDB), for thermoplastic pipePiPing materials, this test _method |_ncludes a_supplemental
materials based on the material's long-term hydrostati¢equirement for the “validating” of this assumption. No such
strength (LTHS). The LTHS is determined by analyzing stresdalidation requirements are included for oth.er materials (see
versus time-to-rupture (that is, stress-rupture) test data th&Y0te 1). Therefore, in all these other cases, it is up to the user
cover a testing period of not less than 10 000 h and that ar@f this test method to determine based on outside information
derived from sustained pressure testing of pipe made from th&hether this test method is satisfactory for the forecasting of a
subject material. The data are analyzed by linear regression fpaterial’s LTHS for each particular combination of internal/
yield a best-fit log-stress versus log time-to-fail straight-line€xtérnal environments and temperature.
equation. Using this equation, the material’'s mean strength at Nore 1—Extensive long-term data that have been obtained on com-
the 100 000-h intercept (LTHS) is determined by extrapolationmercial pressure pipe grades of polyvinyl chloride (PVC), polybutlene
The resultant value of the LTHS determines the HDB strengtt{PB), and cross linked polyethlene (PEX) materials have shown that this
category to which the material is assigned. An HDB is one ofssumption is appropriate for the establishing of HDB's for these
a series of preferred long-term strength values. This tes;]aterlal_s for water qu for_amblen_t temperatures. Refer to Note 2 and
method is applicable to all known types of thermoplastic pipe PPendix X1 for additional information.
materials, and for any practical temperature and medium that 1.4 The experimental procedure to obtain individual data
yields stress-rupture data that exhibit an essentially straighoints shall be as described in Test Method D 1598, which
line relationship when plotted on log stress (pound-force peforms a part of this test method. When any part of this test
square inch) versus log time-to-fail (hours) coordinates, and fofethod is not in agreement with Test Method D 1598, the
which this straight-line relationship is expected to continugProvisions of this test method shall prevail.
uninterrupted through at least 100 000 h. 1.5 General references are included at the end of this test
1.2 Unless the experimentally obtained data approximate Bnethod.
straight line, when calculated using log-log coordinates, it is 1.6 This standard does not purport to address all of the
not possible to assign an HDB to the material. Data that exhibigafety concerns, if any, associated with its use. It is the
high scatter or a “knee” (a downward shift, resulting in aresponsibility of the user of this standard to establish appro-
subsequently steeper stress-rupture slope than indicated by théate safety and health practices and determine the applica-
earlier data) but which meet the requirements of this tesbility of regulatory limitations prior to use.
method tend to give a lower forecast of LTHS. In the case of 1.7 The values stated in inch-pound units are to be regarded
data which exhibit excessive scatter or a pronounced “knee@s the standard. The values given in parentheses are for
the lower confidence limit requirements of this test method arénformation only and are not considered the standard.
not met and the data are C_IaSSiﬁeq as unsmtable_for analysis. Nore 2—Over 3000 sets of data, obtained with thermoplastic pipe and
1.3 Afundamental premise of this test method is that wherpiping assemblies tested with water, natural gas, and compressed air, have
the experimental data define a straight-line relationship irbeen analyzed by the Plastic Pipe Institite(BPI) Hydrostatic Stress

accordance with this test method’s requirements, this straightoard. None of the currently commercially offered compounds included
in PPl TR-4, “PPI Listing of Hydrostatic Design Bases (HDB), Pressure
Design Bases (PDB) and Minimum Required Strength (MRS) Ratings for
Thermoplastic Piping Materials or Pipe” exhibit knee-type plots at the

1 This test method is under the jurisdiction of ASTM Committee F17 on Plasticsl.Sted temperature. that is. deviate from a straight line in such a manner
Piping Systems and is the direct responsibility of Subcommittee F17.40 on Tes! P ! ! 9

Methods.
Current edition approved Dec. 10, 2001. Published March 2002. Originaly—————
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that a marked drop occurs in stress at some time when plotted on 3.1.1 failure—bursting, cracking, splitting, or weeping

equiscalar log-log coordinates. Ambient temperature stress-rupture da(@eepage of liquid) of the pipe during test.
that have been obtained on a number of the listed materials and that extend . . .

for test periods over 120 000 h give no indication of “knees.” However, 3:1-2 Noop stress-the tensile stress in the wall of the pipe
stress-rupture data which have been obtained on some thermoplastid the circumferential orientation due to internal hydrostatic

compounds that are not suitable or recommended for piping compound3ressure.

have been found to exhibit a downward trend at 23°C (73°F) in whichthe 3 1 3 hydrostatic design basis (HDB)one of a series of

departure from linearity appears prior to this test method’s minimum . . .
testing period of 10 000 h. In these cases, very low results are obtained rStabIIShed stress values for a compound. It is obtained by

the data are found unsuitable for extrapolation when they are analyzed fyat€gorizing the LTHS in accordance with Table 1.
this test method. 3.1.4 hydrostatic design stress (HDS}the estimated maxi-
Extensive evaluation of stress-rupture data by PPl and others has alggym tensile stress the material is capable of withstanding

indicated that in the case of some materials and under certain te%ntinuously with a high degree of certainty that failure of the
conditions, generally at higher test temperatures, a departure from

linearity, or “down-turn”, may occur beyond this test method’s minimum pipe will n_Ot occur. This Stre_ss IS cn;cumferenual when internal
required data collection period of 10 000 h. A PPI study has shown that ifydrostatic water pressure is applied.

the case of polyethylene piping materials that are projected to exhibit a 3.1.5 long-term hydrostatic strength (LTHS}the estimated
“down-turn” prior to 100 000 h at 73°F, the long-term field performance tansile stress in the wall of the pipe in the circumferential

of these materials is prone to more problems than in the case of materials.; ; ; ; : ;
which have a projected “down-turm® that lies beyond the 100 OOO_ﬁ%?nentann that when applied continuously will cause failure of

intercept. In response to these observations, a supplemental “validati0|jihe plp_e at_ 100 _OOO h. This is the mtgrcept of the stress
requirement for PE materials has been added to this test method in 19g€2gression line with the 100 000-h coordinate.

This requirement is designed to reject the use of this test method for the 3.1.6 pressure—the force per unit area exerted by the
estimating of the long-term strength of any PE material for which adium in the pipe.

supplemental elevated temperature testing fails to validate this test . . .

method’s inherent assumption of continuing straight-line stress-rupture 3.1.7 pressure ratlng (PR)-the _estlmate_d maximum Water_

behavior through at least 100 000 h at 23°C (73°F). pressure the pipe is capable of withstanding continuously with
When applying this test method to other materials, appropriate consida high degree of certainty that failure of the pipe will not occur.

eratiqn should be given_ to the possibility that fqr the pgrticular gradg of 3.1.7.1 The PR and HDS are related by the equations given

material under evaluation and for the specific conditions of testing 3.1.9

particularly, when higher test temperatures and aggressive environmenil@ e

are involved, there may occur a substantial “down-turn” at some point 3.1.8 service (design) factera number less than 1.00

beyond the data collection period. The ignoring of this possibility may(which takes into consideration all the variables and degree of

lead to f’:\n OVer.Statement by this test.method of a rr’Iat_eriaI’S actual LTH%afety |nvo|ved |n a thermoplastlc pressure p|p|ng |nsta”at|0n)

To obtam _sufﬁ(_:lent assurance that this test methqd s |nherept assumptlcwhich is multiplied by the HDB to give the HDS.

of continuing linearity through at least 100 000 h is appropriate, the user . . .

should consult and consider information outside this test method, includ- 3-1.9 The following equations shall be used for the relation

ing very long-term testing or extensive field experience with similar between stress and pressure:

materials. In cases for which there is insufficient assurance of the

continuance of the straight-line behavior that is defined by the experimen- $=P(D — vfatfor outside diameter controlled pipe 1)
tal data, the use of other test methods for the forecasting of long-term
strength should be considered (see Appendix X1). or

S= P(d + t)/2t for inside diameter controlled pipe 2)

2. Referenced Documents

2.1 ASTM Standards:
D 1243 Test Method for Dilute Solution Viscosity of Vinyl TABLE 1 Hydrostatic Design Basis Categories

Chloride Polymer’ . . . .
. . . . Note 1—The LTHS is determined to the nearest 10 psi. Rounding
D 1598 Test Method for Time-to-Failure of Plastic Pipe procedures in Practice E 29 should be followed.

Under Constant Internal Presstire

. . L L. Range of Calculated LTHS Values Hydrostatic Design Basis

E 29 Practice for Using Significant Digits in Test Data to - s , P
Determine Conformance with Specificatibns P! (MPa) Pt (MPa)
. 190 to < 240 ( 1.31 to < 1.65) 200 ( 1.38)
2.2 1SO/DIS Standgrd. . . 240 to < 300 ( 1.65 to < 2.07) 250 (1.72)
ISO/DIS 9080 Plastic Piping and Ducting Systems, Deter- 309 10 < 380 ( 2.07 to < 2.62) 315 ( 217)
mination of Long-Term Hydrostatic Strength of Thermo- 380 to < 480 (2.62 to < 331) 400 (2.76)
; inle in Di 480 to < 600 (3.31 to < 4.14) 500 ( 3.45)
plastics Materials in Pipe Form by Extrapolatfon 600 10 < 760 { 414 o < 5.24) 230 ( 4.34)
. 760 to < 960 ( 5.24 to < 6.62) 800 ( 5.52)
3. Terminology 960 to <1200 ( 6.62 to < 8.27) 1000 ( 6.89)
L . 1200 to <1530 ( 8.27 to <10.55) 1250 ( 8.62)
3.1 Definitions: 1530 to <1920  (10.55 to <13.24) 1600 (11.03)
1920 to <2400 (13.24 to <16.55) 2000 (13.79)
2400 to <3020 (16.55 to <20.82) 2500 (17.24)
3020 to <3830 (20.82 to <26.41) 3150 (21.72)
® Annual Book of ASTM Standadéol 08.01. 3830 to <4800 (26.41 to <33.09) 4000 (27.58)
* Annual Book of ASTM Standardol 08.04. 4800 to <6040 (33.09 to <41.62) 5000 (34.47)
> Annual Book of ASTM Standardéol 14.02. 6040 to <6810 (41.62 to <46.92) 6300 (43.41)
® Available from American National Standards Institute, 25 W. 43rd St., 4th 6810 to <7920 (46.92 to <54.62) 7100 (48.92)

Floor, New York, NY 10036.



Ay b 2837

ul

where: 5.2.2 Analyze the test results by using, for each specimen,
S = stress, the logarithm of the stress in psi and the logarithm of the
P = pressure, time-to-failure in hours as described in Appendix X2 (Note 5).
D = average outside diameter, Calculate the strength at 100 000 h. Include as failures at the
d = average inside diameter, and conclusion of the test those specimens which have not failed
t = minimum wall thickness. after being under test for more than 10 000 h if they increase

— the value of the extrapolated strength. Accomplish this by first
4. Significance and Use obtaining the linear log-log regression equation for only the
4.1 The procedure for estimating long-term hydrostaticspecimens that failed, by the method of least squares as
strength is essentially an extrapolation with respect to time ofiescribed in Appendix X2. Then use the stress in psi for each
a stress-time regression line based on data obtained in accgpecimen that has been under test for more than 10 000 h, and
dance with Test Method D 1598. Stress-failure time plots arehat has not failed, with this regression equation to calculate the
obtained for the selected temperature and environment: théme in hours. If this time is less than the hours the specimen
extrapolation is made in such a manner that the long-termas been under test, then use the point. Determine the final line
hydrostatic strength is estimated for these conditions. for extrapolation by the method of least squares using the
Note 3—Test temperatures should preferably be selected from théallure points alor_'lg with those non'fa'lure points selected by
following: 40°C; 50°C; 60°C: 80°C; 100°C. It is strongly recommended the method described above. Unless it can be demonstrated that
that data also be generated at 23°C for comparative purposes. they are part of the same regression line, do not use failure

4.2 The hydrostatic design basis is determined by considepoints for_stresse_s that have failure times Iess_ than 10_ h.
ing the following items and evaluating them in accordance with"¢lude failure points excluded from the calculation by this

54 operation in the report, and identify them as being in this
4.2.1 Long-term hydrostatic strength at 200 000 h, category.
4.2.2 Long-term hydrostatic strength at 50 years, and Note 5—It should be noted that contrary to the custom in mathematics,

4.2.3 Stress that will give 5% expansion at 100 000 h. it has been the practice of those testing plastics pipe to plot the

4.2.4 The intent is to make allowance for the basic stressndependent variable (stress) on the vertigalgxis and the dependent
strain characteristics of the material, as they relate to time. variablel (time-to-failure) on the .horizontak)(axis.. The procedure in

4.3 Results obtained at one temperature cannot, with arfPPendix X2 treats stress as an independent variable.
certainty, be used to estimate values for other temperatures.5.2.3 Determine the suitability of the data for use in
Therefore, it is essential that hydrostatic design bases bdetermining the long-term hydrostatic strength and hydrostatic
determined for each specific kind and type of plastic compoundesign basis of plastic pipe as follows:
and each temperature. Estimates of long-term strengths of 5.2.3.1 Extrapolate the data by the method given in Appen-
materials can be made for a specific temperature provided thaix X2, to 100 000 h and 50 years, and record the extrapolated
calculated values, based on experimental data, are available fefress values (4.2.1 and 4.2.2), and
temperatures both above and below the temperature of interest.5_2_3_2 Ca|Cu|ate, by the method given in Appendix X3, the

4.4 HydrOStatiC deSign stresses are obtained by multlplyln%wer confidence value of stress at 100 000 h.
the hydrostatic design basis values by a service (design) factor.5 5 3 3 |f the lower confidence value at 100 000 h differs

4.5 Pressure ratings for pipe may be calculated from the.om the extrapolated LTHS value by more than 15 % of the
hydrostatic design stress (HDS) value for the specific materightter orm in Appendix X3 is zero or negative, dr in the
_used to make the pipe, and its dimensions using the equatio'é'auationh = a + bf in Appendix X2 is positive, consider the
in 3.1.9. data unsuitable.

5.3 Circumferential Expansion-Obtain the data required
for 4.2.3 as follows:

5.3.1 Initially test at least three specimens at a stress of
50 % of the long-term hydrostatic strength determined in
5.2.3.1 until the circumferential expansion exceeds 5 % or for
2000 h, whichever occurs first. Measure the expansion of the
circumference in the center of that section of the pipe specimen
that is under test to the nearest 0.02 mm (0.001 in.) periodically

5. Procedure

5.1 Genera—Generated data in accordance with Test
Method D 1598.

5.2 Stress Rupture-Obtain the data required for 4.2.1 and
4.2.2 as follows:

5.2.1 Obtain a minimum of 18 failure stress-time points for
each environment. Distribute these data points as follows:

<1000 Falure Pomts (Note 6) during the test, unless the expansion at some other
10 to 1000 At least 3 point is greater, in which case measure the section with the
1000 to 6000 At least 3 maximum expansion. Calculate the changes in circumference
After 6000 At least 3 : P .

After 10 000 ‘At loast 1 for each specimen as a percentage of the initial outside

circumference. Calculate the expansion at 100 000 h for each
Note 4—When the long-term stress regression line of a compound i%pecimen by the method given in Appendix X4 or by the

known, this method may be used, using fewer points and shorter times, . . - .
confirm material characteristics, or to evaluate minor process or formu[E9|0ttlng technique described in 5.3.3. If the calculated expan-

lation changes. See also PPI TR3, Policies and Procedures for Developif®" for one or mo_re of the spemmens_ tested exce_eds 5 %, th_en
Recommended Hydrostatic Design Stresses for Thermoplastic Pipe MalS€ the_ hydrostatic stress as determined from C|rcumferem_|a|
terials. expansion measurements as the stress value to be categorized
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to establish the hydrostatic design basis. 5.4.4.2 Use the 50-year value if it is less than 80 % of the

Note 6—It is suggested that these measurements be made once eveIF}—HS value, and less than the expansion strength value.

24 h during the first 5 days, once every 3 days during the next 6 days, and 2-4-4.3 Use the expansion strength value if it is less than the

once a week thereafter. The periods shall be selected on the basis of pAdtHS and 50-year values.

experience with the type of pipe so that they will be reasonably distributed 5.5 Hydrostatic Design StressObtain the hydrostatic de-

to obtain a good plot. sign stress by multiplying the hydrostatic design basis by a
5.3.2 The stresses and distribution of specimens used tservice (design) factor selected for the application on the basis

determine hydrostatic stress from circumferential expansioonf two general groups of conditions. The first group considers

measurements shall be as follows: the manufacturing and testing variables, specifically normal
Approximate Percent of Long-Term Minimum Number of variations in the material, manufacture, dimensions, good
Hydrostatic St;ngth (see 5.2) Specgmens handling techniques, and in the evaluation procedures in this

test method and in Test Method D 1598 (Note 8). The second
group considers the application or use, specifically installation,
environment, temperature, hazard involved, life expectancy
desired, and the degree of reliability selected (Note 9). Select
Subject the specimens to test until the circumferentiathe service factor so that the hydrostatic design stress obtained
expansion exceeds 5 % or for 2000 h, whichever occurs firsiprovides a service life for an indefinite period beyond the
5.3.3 The results may be calculated by the methods given iactual test period.
Appendix X4 and Appendix X5 or plotted by the following _ _ o
ote 8—Experience to date, based on data submitted to PPI, indicates

E::r?gelg uf:gjrspl)c;: rg;_lg Zrziggﬁh;;g’:rs g‘rgxcgrggﬁagzrage“:g%ﬁﬁ%\ltta\éaria;iggf%usox FIgisngroup of conditions are usually wittih0 %,
. " ) y S Il und.
the. method of IeaSt sguares, \,N'th time as the 'ndepend,entNOTE 9—It is not the intent of this standard to give service (design)
variable as described in Appendix X4. Calculate the expansiogctors. The service (design) factor should be selected by the design
of the circumference in percent at 100 000 h for each specimegngineer after evaluating fully the service conditions and the engineering
by the equation from Appendix X4: properties of the specific plastics under consideration. Alternatively, it
c=a +500b 3) may be specified by the authority having jurisdiction.
It is recommended that numbers selected from ANSI Standard 717.1-

Do not use extrapolations of curves for specimens that973 for Preferred Numbers, in the R10 series (25 % increments) be used,
expand more than 5 % in less than 1000 h. Plot the correspondamely, 0.80, 0.63, 0.50, 0.40, 0.32, 0.25, 0.20, 0.16, 0.12, or 0.10. If
ing expansion-stress points from the 100 000 h intercept Oﬁmaller steps seem necessary it is recommended that the R20 series (12 %
log-log graph paper and draw a line representative of thesggge”gesnés)obg;Sggs”%rg‘gyboz'%o'00'1%0’00'1761' gff’g'fg'g'i’g’zofé%go’
points by the method of least squares with stress as the '~~~ T T T e T e e T
independent variable as described in Appendix X5. 5.6 Determination or Validation of the HDB for Polyethyl-

5.3.4 Calculate the stress corresponding to a circumferentigne Materials, or Bota-Apply either of the following proce-
expansion of 5.00 % in accordance with 5.3.3 and Appendidures to PE material to validate its HDB at any temperature.
X5. The stress is the antilog ofin the equatiorc = a’ +  When an elevated temperature HDB is validated, all lower
b” r in Appendix X5. Use the values faf andb” as calculated temperature HDB’s are considered validated for that material.
in Appendix X5 and 0.6990 far. This stress may be obtained If a brittle failure occurs before 10 000 h when testing in
by calculation or read from the circumferential expansion-accordance with 5.2, the Standard Method (Procedure Il) is not

stress plot obtained in 5.3.3. In cases of disagreement, use thpplicable and the Alternate Method (Procedure 1) shall be

W www

calculation procedure. used. Procedure | is also used to determine the HDB at elevated
5.4 Hydrostatic Design Basis-The procedure for determin- temperatures for some PE materials.
ing the HDB shall be as follows (see also Appendix X8): 5.6.1 Alternate Method Procedure |
5.4.1 Calculate the hydrostatic strength at 100 000 h 5.6.1.1 Develop stress rupture data in accordance with 5.2
(LTHS) in accordance with 5.2. for the temperature at which an HDB is desired. Using only the
5.4.2 Calculate the hydrostatic strength at 50 years imuctile failures, determine the linear regression equation. The
accordance with 5.2.3.1. failure point data must be spread over at least two log decades.
5.4.3 Estimate the long-term hydrostatic strength usingrhe stress intercept at 100 000-h using this equation is the
expansion test data and in accordance with 5.3. “ductile” LTHS.

Note 7—For all the presently used stress rated thermoplastic pipe 5.6.1.2 To determme the brittle failure performance, S,OIVe
materials in North America, the 5% expansion strengths are not th&0r the three coefficients of the rate process method equation as
limiting factor. Therefore, this measurement is not required for suchfollows:
materials. (a) Select an elevated temperature appropriate for the

5.4.4 Determine the hydrostatic design basis (HDB) bypolyethylene material. The maximum temperature chosen
categorizing, in accordance with Table 1, the applicable hydroshould not be greater than 95°C (203°F).
static strength value as specified below: (b) Select a stress at this temperature at which all failures

5.4.4.1 Use the LTHS value (5.4.1) ifitis less than 125 % ofoccur in the brittle mode (a crack through the pipe wall with no
the 50-year value (5.4.2), and less than the expansion strengtfsible evidence of material deformation). This set of tempera-
value (5.4.3). ture and stress is called Condition I. Test at least six pipe



TABLE 2 Validation of 73°F (23°C) HDB
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HDB to be
Validated (psi)

193°F (90°C) Test Temperature / 176°F (80°C) Test Temperature

Stress (psi) Time (h) Stress (psi) Time (h)
1600 735 70 825 200
1250 575 70 645 200
1000 460 70 515 200
800 365 70 415 200
630 290 70 325 200
500 230 70 260 200
TABLE 3 Validation of 100°F (38°C) HDB
HDB to be  193°F (90°C) Test Temperature / 176°F (80°C) Test Temperature

Validated (psi)

Stress (psi) Time (h) Stress (psi) Time (h)
1600 850 300 960 1000
1250 670 300 750 1000
1000 600 300 600 1000
800 535 300 480 1000
630 340 300 380 1000
500 265 300 300 1000
TABLE 4 Validation of 120°F (49°C) HDB
HDB to be  193°F(90°C) Test Temperature / 176°F(80°C) Test Temperature

Validated (psi)

Stress (psi) Time (h) Stress (psi) Time (h)
1600 970 1100 1090 3400
1250 760 1100 850 3400
1000 610 1100 685 3400
800 490 1100 545 3400
630 385 1100 430 3400
500 305 1100 345 3400
TABLE 5 Validation of 140°F (60°C) HDB
HDB to be  193°F(90°C) Test Temperature / 176°F(80°C) Test Temperature

Validated (psi)

Stress (psi) Time (h) Stress (psi) Time (h)
1250 860 3800 970 11300
1000 690 3800 775 11300
800 550 3800 620 11300
630 435 3800 490 11300
500 345 3800 390 11300
400 275 3800 310 11300
TABLE 6 Validation of 160°F (71°C) HDB
HDB to be  193°F(90°C) Test Temperature / 176°F(80°C) Test Temperature

Validated (psi)

Stress (psi) Time (h) Stress (psi) Time (h)
1250 975 12600 1100 37500
1000 780 12600 885 37500
800 625 12600 705 37500
630 495 12600 550 37500
500 390 12600 440 37500
400 315 12600 350 37500

specimens at this Condition | until failure. Lul, the St
(c) At the same temperature, select another stress about P4d the corresponding time is increased to 7200 h.

to 150 psi lower than for Condition I. Test at least six pipe 5.7 Pressure Rating-Calculate the pressure rating for each

specimens at this Condition Il until failure. ] ‘ b !
(d) Select a temperature 10°C (18°F) to 20°C (36°F) lowerstress (hydrostatic design basis service factor) for the

than the one in Condition | and use the same stress a¥oecific materialin the pipe by means of the equations in 3.1.9.

Condition I. This is Condition lll. Test at least six pipe

specimens at this Condition Il until failure.

(e) Using all these brittle failure data points from Condi-

following three-coefficient rate process method equation:
B Clog S

Iogt:A+T+ T 4)
where:
t = time, h,
T = absolute temperature, °K(E C + 273),
S = hoop stress, psi, and
A, B, C = constants.

(f) Using this model, calculate the stress intercept value at
100 000 h for the temperature at which the HDB is desired.
This resulting stress intercept is the “brittle” LTHS.

Note 10—The ISO TR/9080four coefficient model may be used if it
has a better statistical fit to the data.

5.6.1.3 Use the lower value of the ductile failure LTHS (see
5.6.1.1) or the brittle failure LTHS (see 5.6.1.2) to determine
the HDB category per Table 1 for this PE material. The HDB
determined by this procedure is considered validated.

5.6.1.4 Using this model, calculate the mean estimated
failure time for Condition Ill. When the average time (log
basis) for the six specimens tested at Condition Ill has reached
this time, the extrapolation to 100 000 h to obtain the LTHS at
23°C (73°F) has been validated. (Examples are shown in
Appendix X9.)

5.6.2 Standard Method (Procedure +3The HDB for a PE
material at a desired temperature is validated when the follow-
ing criterion is met:

5.6.2.1 Develop stress rupture data in accordance with 5.2
for the temperature at which an HDB is desired. Analyze the
data to determine the linear regression equation. Extrapolate
this equation to 100 000 h to determine the LTHS. Use Table 1
to determine the HDB category at this temperature.

5.6.2.2 Use Tables 2-6 to define the time and stress require-
ments needed to validate this HDB. Test at least six specimens
at the stress level determined by the tables. These specimens
must have a minimum log average time exceeding the value
shown in the table to validate the HDB. For example, to
validate an HDB of 1000 psi at 140°F, this required time is
3800 h at 193°F (90°C)/690 psi or 11300 h at 176°F
(80°C)/775 psi.

5.6.2.3 If a temperature/stress condition in the tables results
in a premature ductile failure for a particular PE material, the
stress at that temperature may be lowered by 15 %. The
corresponding required time for this lowered stress is then six
times the value in the table. For example, when validating an
HDB of 1600 psi at 73°F, if testing at 80°C/825 psi results in
ductile failures, lower the stress to 700 psi and retest. The
required time to validate using this condition is now 1200 h. If
ductile failures still occur, the stress may be lowered to 595 psi

diameter and wall thickness of pipe from the hydrostatic design

7 For additional information contact the Plastic Pipe Institute Hydrostatic Stress

tions I, II, and lll, calculate the A, B, and C coefficients for the Board Chairman, 1801 K St., NW, Suite 600 K, Washington, DC 20006.
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6. Report the stress calculated for 5 % expansion is significantly greater
6.1 The report shall include the following: than that reported in 6.1.6 or 6.1.7.

6.1.1 Complete identification of the sample, including ma- 6.1.9 The hydrostatic design basis
terial type, source, manufacturer's name and code number, and6.1.10 The nature of the failures in accordance with 3.4,

previous s_,ignifi_cant h_istory, if any, _ _ 6.1.11 Any unusual behavior observed in the tests,

6.1.2 Pipe dimensions including nominal size, average and 6.1.12 If the material is polyethylene, the results of the
minimum wall thickness, and average outside diameter, validation in accordance with 5.6,

6.1.3 Test temperature, 6.1.13 Dates of test, and

6.1.4 Test environment inside and outside of the pipe,
6.1.5 Atable of the stresses in pounds-force per square inch
and the time-to-failure in hours for all the specimens tested Note 11—The outside environment of the pipe test specimen shall be
(specimens that are designated as failures after they have be@lced after the values reported.
under stress for more than 10 000 h shall be indicated), . .
6.1.6 The estimated long-term hydrostatic strength (Notd - Precision and Bias
11), 7.1 No statement is made about either the precision or the
6.1.7 The estimated stress at 50 years, bias of Test Method D 2837 for measuring the hydrostatic
6.1.8 A table of the percent circumferential expansiondesign basis since the result merely states whether there is
versus time data and the estimated stress at 5.00 % expansi@enformance to the criteria for success specified in the proce-
This item need not be reported if previous test results show thature.

6.1.14 Name of laboratory and supervisor of the tests.

APPENDIXES
(Nonmandatory Information)

X1. METHODOLOGY FOR THE FORECASTING OF THE LONGER-TERM HYDROSTATIC STRENGTH OF
THERMOPLASTIC PIPING MATERIALS IN CONSIDERATION OF THE NATURE OF THEIR STRESS-RUPTURE BEHAVIOR

X1.1 Similar to what has been observed for metals at highebe made based on the trend exhibited by the second straight
temperatures, the stress-rupture data obtained on thermopldiste, a trend that may not always be evidenced by the data
tics piping materials generally yields a relatively straight linecollected during the minimum testing period of 10 000 h, as
when plotted on log stress versus log time-to-fail coordinatestequired by this test method.

By means of regression analysis, such straight-line behavior ) o o
can readily be represented by a mathematical equation. UsingX1.2 StudieS conducted on polyolefin pipes indicate that,
this equation, the long-term strength of a material for a timeExClusive of potential effects of polymer chemical degradation,
under load much beyond the longest time over which the dat8f @ging, that may occur in consequence of the effects of
were obtained can be determined by extrapolation. Thi€nvironments that are aggressive to the pplymer, stress-rupture
straight-line behavior has been observed to hold true for nearilfiilures can occur over two stages. In the first stage, failures are
all plastic piping materials, provided failures always occur by®f & ductile nature, but, in the second, they are the consequence
the same mechanism. However, it has also been observed irpfithe initiation and slow growth of small cracks or faults. The
when the cause of failure transitions from one mechanism t§¢hematic in Fig. X1.1 depicts this two-stage behavior. Other
another, that is, from failure caused by excessive ductildnaterials have also been found to exhibit such two-stage
deformation to a failure resulting by the initiation and growth failure behavior; however, different failure mechanisms may be
of a crack, this may result in a significant downward shift (that"VOIved. As is also illustrated by Fig. X1.1, increasing the test
is a gradual “downturn,” or a relatively sharp “knee”) in the temperature demded!y shl_fts to earlier t|mes_the point at which
slope of the initially defined stress-rupture line. In such casesthere occurs a transition in _fa|Iure mechanism. Stuphes sh.ow
tla t the shift, or accelerating effect, caused by increasing
temperature follows established chemical and physical rate-
Hsrnocess principl€s'®. The significance of this finding is that

the stress-rupture data can best be characterized by means
two straight lines: an initial line of fairly flat slope; followed by
a second line of steeper slope. The change in slope from t
first to the second line can be minimal, in which case the stres
rupture behavior is generally sufficiently well-characterized by

a single average line; or, the change can be significant, in _— 4 H. Leiistrom. What Controls The Lifetime of Plastic Pi g
. P . . arson an . Lelstrom, at controls e Litetime O astic Pipes an
Wthh case, I_t 1S m(_)re accurately repre_sented by two Stralgmow Can the Lifetime be Extrapolated, a paper presented at Plastic Pipes VIIl,

lines, each with a different slope (see Fig. X1.1). Should ther&oningshof, The Netherlands.
occur a significant downward trend in slope, the extrapolation °Bartenev, G.M., and Xuyev, V.S., “Strength and Failure of Viscoelastic

. ; _ aterials,” F' English Publication, 1968.
of the trend SOler defined by the earlier stage of stress ruptuﬁ}é‘ °Bragaw, C. G., “Service Rating of Polyethylene Piping Systems by The Rate

beha\{lor may result in an excessive OvereS“matl(?n of Process Method Eighth Plastic Fuel Gas Pipe Symposiurew Orleans, LA, Nov.
material’s actual LTHS. For a more accurate forecast, it shouldo-30-Dec. 1, 1983.

orter-time observations of stress-rupture behavior at higher
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FIG. X1.1 Schematic of the Stress-Rupture Characteristics of a Material Which Exhibits Two Stages in Stress-Rupture Properties, and
of the Shift in the Stress-Rupture Lines that Results by Increasing the Test Temperature.

temperatures may be used as a predictor of longer-timthermoplastic piping materials that are chemically and physi-
behavior at lower temperatures. The “validation” requirementgally similar to the material of interest. Another kind is very
for PE piping materials that is included in this test method hagxtensive field experience with specific kinds and grades of
been established based on the well-documented timehaterials. For example, as previously mentioned, it is well-
temperature shift observed in these materials. established both through testing and very extensive experience
O}hat rigid PVC piping materials which have been formulated
sing PVC resins of certain minimum molecular weight exhibit

o “downturn” at ambient temperatures through at least

X1.3 As explained in the scope, the inherent assumption
this test method is that the straight-line behavior between lo
stress and log time-to-fail that is described by the experiment . .
data shall continue uninterrupted through at least the time fo 00 000 h when te_gted using water or air as t.he pressure
which the forecast for the LTHS is being made. Should theréned'um' In recognition of this, PPI requires in its policies

occur a significant downturn (that is, a downward shift in the30VerNINg .P.VC formulagor?é that. PVC. resins used for
stress-rupture slope) prior to the 100 000-h intercept, a ressure piping have an inherent viscosity range from 0.88 to

extrapolation based on a trend defined by 10 000 h of data m 96, when measured in accordance with Test Method D 1243.

produce an overstated LTHS. While this test method include ther materials, including the following, have also been shown

lower confidence requirements that work to exclude its appli-0 be free of “downturns” for similar test conditions: PE

. 4 . aterials which have been cross-linked to a certain minimum
cation to data that exhibit a significant downward trend, SUCH%;(tent as specified by ASTM product specifications: polybuty-

requirements have no effect on predicting whether such a tre - . o

may take place beyond the longest time of data collection. Fgle_n_e (P?) I(leplgg. maéerlalstof_ the grsdeﬂ specmled by ASTM
the latter purpose, other information needs to be considereg,Iplng standards; and most pipe grade Tiuoropolymers.

such as stress-rupture performance at temperatures that arex1 5 For materials and test conditions for which there
higher than that for which the LTHS is being established.exists no assurance that there will not occur a “knee” or
While for polyethylene materials this test method does inClUdedownturn” beyond the period of data Co”ection, there is

a separate protocol by which one can validate the assumptiofyailable an extrapolation test method that takes this possibility
that for ambient temperature there will be no downturn beforgnto consideration. The observation that increased test tempera-
the 100 000-h intercept, there is no such requirement for othgfre results in a mathematically correlateable shift in stress-
materials. In the later case, the SUItablllty of this test methqupture p|ots has let to the deve'opment of international
should be determined upon consideration of outside informa-

tion.
. . . . . 11pp| TR-3, “Policies and Procedures for Developing Hydrostatic Design Bases
X1.4 One kind of outside information is the results of very (HDB), Pressure Design Basis (PDB) and Minimum Required Strengths (MRS) for

long-term stress-rupture studies which have been conducted aRermoplastic Piping,” issued by the Plastics Pipe Institute.
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standard ISO/DIS 9080. By means of this method, a forecast gfolymer (for example, the starting monomer, copolymer, molecular
a material's LTHS may be made based on the results ofeight, and molecular weight distribution), the additives used in the
multiple linear regression analysis of test data obtained at glastic composition, the conditions under which the plastic material has
number of different elevated test temperature, such as Shov\pﬁen processed, and other variables. Fig. X1.1 illustrates a case where
by Fig. X1.1. The objective of the testing at elevated ter‘nper(,il_aboratory data obtained for the test temperature of 73°F yields a straight
ture is to collect sufficient data for identifying and Character_Iog-stress versus log time-to-fail straight line through 10 000 h, the

.. in sh . hifts | | minimum test period required by this test method, followed by a second
izing in shorter times downward shifts in stress-rupture p Ot§ine of steeper slope. If a forecast of the 73°F long-term strength of this

that may not show up until after very lengthy testing at lowermaterial were to be made by the extrapolating to the 100 000-h intercept
temperatures. To adequately define the transitions that may the trend defined by the first line, this clearly will lead to an

occur in stress-rupture behavior, this ISO method requires thaterstatement of this material’s actual long-term strength. Since testing at
data be collected for not only the base temperature, but also f@fevated test temperature shifts the stress-rupture lines to lower stresses
certain specified elevated temperatures. And to establish themd to significantly shorter failure times, and as this shift has been
best-fit mathematical relationship that defines the observeggtermined to be mathematically correlatable with test temperature,
results, including any observed changes in stress-rupture S|Op§éoplementary stre;s-rupture data optained at elevated temperatures can
at all test temperatures, this method offers a choice of certai e used to test the inherent assumption of Test Method D 2837; namely,

. . hat a straight-line which is defined by data that covers a period of 10 000
mathematical models. The model that is found through mu"h will continue through at least 100 000 h. This testing strategy is the basis

tiple regression analysis to best fit all of the experimental datg, e valigation” procedure in Test Method D 2837 that is applied to PE

is then used to project an estimate of the material's LTHS materials.

Obviously, this methodology requires considerably more data gor cases in which the preceding assumption of continued linearity is
and more complex mathematical analysis than called-for byither not validated through other work or information, or when it is
this test method. However, in cases for which it is known orsuspected it may not apply, a more complete characterization of elevated
suspected that a stress-rupture downturn may occur after sonenperature stress-rupture behavior, sufficient to adequately define both
time beyond the period of data collection, the ISO method caithe shallower and steeper stages of the elevated temperature stress-rupture
yield more reliable estimates of LTHS; therefore, it may bebehavior, allows one to derive through multiple regression analysis a

more appropriate for that material than the simpler method thageneral mathematical relationship that covers both stages and therefore,
is defined by this test method can be used to more accurately forecast long-term strength for any

temperature within the range of minimum and maximum test tempera-
Note X1.1—The level of strength and the point at which occurs thetures. A recognized method that employes this testing and multiple
transition from a flatter to a steeper slope depends on the nature of thegression strategy is ISO/DIS 9080.

X2. LEAST SQUARES CALCULATIONS FOR LONG-TERM HYDROSTATIC STRENGTH

X2.1 The following symbols are used (Note X2.1): b=wWuU (X2.5)
and
N = number of points on the cycles to failure versus stress a=H-bF (X2.6)
plot, ) ) If bis positive, the data are unsuitable for evaluating the
f = logarithm of failure stress, psi, material.
F = arithmetic average of afl values, X2.1.3 Substitute these valuesaandb into the equation:
h = logarithm of failure time, h, and
H = arithmetic average of ah values. h=a+bf (X2.7)
The equation of the straight line is: X2.1.4 Arbitrarily select three convenient values faand
h=a-+ bf (x2.1)  calculateh for each. The values dfshould not be chosen too
- close to one another. Plot these three pairs of valuesdad
X2.1.1 Compute the three quantities: h. If these three points do not lie on a straight line, there is a
U= 3f — [(SH¥N] (or =f? — NF?) (x2.2)  Mistake in the calculations.

X2.1.5 A sample calculation made in accordance with

_Sh2 _ 2 2 2
V= =T = 1(Zh)IN] (or =h” = NH) (x2:3) Appendix X2 is given in Appendix X7.
W =3 fh=[(Zf) (Sh)/N] (or =f h— NFH) (X2.4) _
Note X2.1—All logarithms are to the base 10. Use 5-place tables for
X2.1.2 Calculatea andb as follows: calculations. A sample calculation is given in Appendix X7.
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X3. CALCULATIONS OF LOWER CONFIDENCE LIMIT

X3.1 Letf,qg goorepresent the value of stress corresponding TABLE X3.1 Calculations

to 100 000 h failure-time. Then:

Degrees of  Students | Degrees of  Students | Degrees of  Students
f100000= (5 — a)/b (X3.1) Freedom, “pA Freedom, “pA Freedom, ‘A
N-2 N-2 N-2
] ) 1 12.7062 46 2.0129 91 1.9864
X3.2 The lower confidence value of stress at 100000 his 2 4.3027 47 2.0117 92 1.9861
H : : . 3 3.1824 48 2.0106 93 1.9858
given by the following calculations: M > 7764 20 510096 o1 Loges
5 2.5706 50 2.0086 95 1.9853
X3.2.1 CalculateD = 5—H.
. 6 2.4469 51 2.0076 9 1.9850
X3.2.2 Calculate the variance, 7 23646 52 2.0066 97 19847
8 2.3060 53 2.0057 98 1.9845
§ = [LAN = 2]V - (W/U)] (X3.2) 9 2.2622 54 2.0049 99 1.9842
. o 10 2.2281 55 2.0040 100 1.9840
and its square roos, the standard deviation.

. o 11 2.2010 56 2.0032 102 1.9835
X3.2.3 Substitute the valud, of Student’st distribution, 12 2.1788 57 2.0025 104 1.9830
H : _ 13 2.1604 58 2.0017 106 1.9826
from Appen@x X5 correspond_mg m 2 degrees of freedom 12 5 1448 o 50010 108 1989
at the two-sided 5 % level of significance (Note X3.1). See also 15 2.1315 60 2.0003 110 1.9818
Table X3.1. 16 2.1199 61 1.9996 112 1.9814
X3.2.4 Calculate the quantity: 1 2.1098 62 1.9990 114 1.9810
18 2.1009 63 1.9983 116 1.9806
M = b — (E2U) (X3.3) 19 2.0930 64 1.9977 118 1.9803
20 2.0860 65 1.9971 120 1.9799
If M is negative or zero, the slope of log cycles versus stress  ,; 20796 66 1.9966 192 1.9796
is not significantly different from zero. In this case, the lower 22 2.0739 67 1.9960 124 1.9703
- P . 23 2.0687 68 1.9955 126 1.9790
confidence limit caqnot be caIcuIatt_ad, and the datg are unreli- 5, 2 0639 69 19949 128 Lo787
able for the evaluation of the material. The calculations below 25 2.0595 70 1.9944 130 1.9784
should be carried out only when the valueMfis positive. 26 » 0555 - 19939 130 19781
FPR. 27 2.0518 72 1.9935 134 1.9778
X3.2.5 Calculate the quantity: %8 5 0984 o3 19930 136 19776
_ e 29 2.0452 74 1.9925 138 1.9773
L= [bD_tS (D /U) + (M/N)] ™M (X3'4) 30 2.0423 75 1.9921 140 1.9771
(See Appendix X6.) 31 2.0395 76 1.9917 142 1.9768
) o . 32 2.0369 77 1.9913 144 1.9766
X3.2.6 The lower confidence limit df g o00lS €qual tol + 33 2.0345 78 1.9908 146 1.9763
F (Note X3.2). 34 2.0322 79 1.9905 148 1.9761
35 2.0301 80 1.9901 150 1.9759
Note X3.1—For instance, Statistical Methods for Chemists by W. J. 36 2.0281 81 1.9897 200 1.9719
Youden, Page 119, Wiley, (1951) New York. 37 2.0262 82 1.9893 300 1.9679
. . 38 2.0244 83 1.9890 400 1.9659
Note X3.2—97.5 % of the expected failures at 100 000 h will be above 39 2.0227 84 1.9886 500 1.9647
this stress. 40 2.0211 85 1.9883 600 1.9639
a1 2.0195 86 1.9879 700 1.9634
42 2.0181 87 1.9876 800 1.9629
43 2.0167 88 1.9873 900 1.9626
a4 2.0154 89 1.9870 1000 1.9623
a5 2.0141 90 1.9867 o 1.9600

A Two-sided 0.05 level of significance. The values in this table are taken from the
tables on pages 28-30 of “The Handbook of Statistical Tables,” by D. B. Owen,
Addison-Wesley Publishing Co., Reading, MA, 1962, by permission of the author,
publishers and the United States Atomic Energy Commission.
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X4. LEAST SQUARES CALCULATIONS FOR CIRCUMFERENTIAL EXPANSION-TIME PLOT

X4.1 The following symbols are used (Note X4.1): b" = Wi’ (X4.4)
and
N’ = number of points on the time versus circumferential a =CbG (X4.5)
expansion plot, . . . .
¢ = logarithm of circumferential expansion in percent If b’ is negative, the data are unsuitable for evaluating the
C = arithmetic average of att values, material.
g = logarithm of time, h, and X4.2.3 Substitute the valu@ andb’ into the equation:
G = arithmetic average of ali values. c—a+bg (X4.6)
X4.2 The equation of the straight line is: X4.2.4 Arbitrarily select three convenient valuesgand
c=a +bg (x4.1)  calculatec for each. The values af should not be chosen too

close to one another. Plot these three pairs of valueg &ord

c. If these three points do not lie on a straight line, there is a
U’ = =¢” - [(£g/’/N'] (or =¢° — N'G?) (X4.2)  mistake in the calculations.

W' = Zcg—[(Zc)(Zg)/N'] (or Zcg—N'CG) (X4.3)

X4.2.1 Compute the two quantities:

Note X4.1—All logarithms are to the base 10. Use 4-place tables for
X4.2.2 Calculatea’ andb’ as follows: calculations.

X5. LEAST SQUARES CALCULATIONS FOR CIRCUMFERENTIAL EXPANSION-STRESS PLOT

X5.1 The following symbols are used (Note X2.1): X5.2.2 Calculatea” andb” as follows:
b’ = W'y (X5.4)
N’ = number of points on the circumferential expansion- gnd
stress plot, v ”

¢ = logarithm of circumferential expansion in percent, a=C-bR (X5.5)
C = arithmetic average of att values, If b’ is negative, the data are unsuitable for evaluating the
r = logarithm of stress, psi, and material.
R = arithmetic average of ali values. X5.2.3 Substitute the valu@ andb” into the equation:

X5.2 The equation of the straight line is: c=a+br. (X5.6)

c=a +br (X5.1) X5.2.4 Arbitrarily select three convenient values foand
calculatec for each. The values afshould not be chosen too
close to one another. Plot these three pairs of values &md

U” = =r? = [(S)?N"] (or =r® = N'R?) (X5.2)  r.If these points do not lie on a straight line, there is a mistake
W' = Scr — [(2c)(Zr)/N"] (or =cr —N'CR) (X5.3) in the calculations.

X5.2.1 Compute the two quantities:

X6. DERIVATION OF FORMULAS

X6.1 The basic equation is: Then the expected value afis zero (because of Eq X6.3):
h = a + bf + error (X6.1) E(z =0 (X6.5)
which can also be written: and the variance, V (2), is given by:
h—H = b(f-F) + error (X6.2) V(2) = (fy — F)2V(b) + V(H) (X6.6)
Consider an assigned value for (for exampleh = 5, By least squares theory we know that:
corresponding to a failure time of 100 000 h). Denote ithgy )
The problem is to evaluate the uncertainty of the corresponding V(H) = o“IN (X6.7)
value off,. The valuef, is evaluated by the equation: and
b(fo—F) = hy—H (X6.3) V(b) = 6¥(f—F)2 — oYU (X6.8)
Let whereo ? is the variance of the error in the determination of
z=b(fy—F) —(hy—H) (X6.4)  any singleh value.

10
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Introducing Eq X6.5 and Eq X6.6 into Eq X6.4 gives:

=Y

V(2)=o? [% + ﬂ (X6.9)
The estimate for? is:

s2 =[N — 2)][V = (W?3/U)] (X6.10)

and is evaluated withN - 2) degrees of freedom. Conse-
quently, an estimate fov(z) is given by:

WA [(f,—F)? 1 fo—F)? 1
V(Z):N_—Z[V_U] '[(0 S N] =52[% N]
(X6.11)
and the estimated standard deviatiorza$:
(fo—F? 1
=s\" Tt W

The quantity £— E (2)/s,) has Student’s — distribution with
(N — 2) degrees of freedom. Leétdenote the critical value of
Student’st, for (N — 2) degrees of freedom and for the chosen
level of significance. Then the following inequity holds with
probability equal to the applicable confidence coefficient.

(1 — level of significanceg —t=[z—-E (2)]/ls,= +t (X6.12)
which is equivalent to:
[(z-E@2)]?NM(2) = t? (X6.13)
The limits of this interval are given by:
[z—E(@2)]? =t V(2) (X6.14)

which, in view of Eq X6.3 and Eq X6.9, becomes:

(f~F? 1
=1 52[ 0 ot —N] (X6.15)
Introducing Eq X6.2, Eq X6.13 can be written:
2
| L] e
Writing
L="f,—F (X6.17)
=hy—H (X6.18)
and solving Eq X6.15 fot , we obtain:
2 2 2
= bD + ts\/[b*— (t ZSZ/U)/N] + (DAV) (X6.19)
, 8
b=

11
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Let
M = b? — (2 V) (X6.20)
Then, the lower limit forL is given by:
bD —ts\/(M/N) + (D% U)
I-Iower limit = M (X6.21)

Consequently, in view of Eq X6.15, the lower limit féyis
given by:

fo lower limit = L qyeriimit + F- (X6.22)

>h = 93.77592 >f = 117.91991
(Eh)? = 8793.9231718 (2f)? = 13905.1051744
H = 2.930498 F = 3.684997
Sh? = 300.349955 Sf? = 434.562639
N = 32 Sfh = 344.769246
Step 1:
U =434.562638 - 13905.1051744/32
U =0.028102
VvV  =300.349955 - 8793.9231718/32
vV =25.539856
W =344.7693246 - (117.91991 X 93.77592)/32
W =0.794755
Step 2:
b =0.794755/0.028102 = —28.28108
a =2.930498 - (-28.28108 X 3.684997)
a =107.14619
Step 3:
h =107.14619 - 28.28108 f
Step 4:
Selected Calculated
Stress, Time,
psi f h h
4000 3.60206 5.27604 188.820
4000 3.64345 4.10549 12749
4800 3.68124 3.03675 1088

A plot of stress versus time on log-log graph paper or of fversus h on regular
graph paper shows that the three points lie on a straight line. Thus, the calcula-
tions are correct.

Step 5:
Calculate stress at 100 000 h and 50 years from the equation in Step 3.
Period Stress
100 000 h 4091 psi
50 years 3883 psi
A computer program calculation to eight decimals gives:
h = 107.13634
f = 28.27840
Stress at 100 000 h = 4091 psi
Stress at 50 years = 3883 psi



Ay D 2837

X7. SAMPLE CALCULATION ACCORDING TO APPENDIX X2

X7.1 Table X7.1 shows a sample calculation according to

Appendix X2.
TABLE X7.1 Sample Calculation
Data Time, Stress, Log Log Stress, h? f? fh
Point h psi Time, f
h

1 9 5500 0.95424 3.74036 0.910574 13.990293 3.569201
2 13 5500 1.11394 3.74036 1.240862 13.990293 4.166537
3 17 5500 1.23045 3.74036 1.514007 13.990293 4.602326
4 17 5500 1.23045 3.74036 1.514007 13.990293 4.602326
5 104 5200 2.01703 3.71600 4.068410 13.808656 7.495283
6 142 5200 2.15229 3.71600 4.632352 13.808656 7.997910
7 204 5200 2.30963 3.71600 5.334391 13.808656 8.582585
8 209 5200 2.32015 3.71600 5.383096 13.808656 8.621677
9 272 5000 2.43457 3.69897 5.927131 13.682379 9.005401
10 446 5000 2.64933 3.69897 7.018949 13.682379 9.799792
1 466 5000 2.66839 3.69897 7.120305 13.682379 9.870295
12 589 4800 2.77012 3.68124 7.673565 13.551528 10.197477
13 669 4700 2.82543 3.67210 7.983055 13.484318 10.375262
14 684 5000 2.83506 3.69897 8.037565 13.582379 10.486802
15 878 4600 2.94349 3.66276 8.664133 13.415811 10.781297
16 1299 4800 3.11361 3.68124 9.694567 13.551528 11.461946
17 1301 4700 3.11428 3.67210 9.698740 13.484318 11.435948
18 1430 4800 3.15534 3.68124 9.956171 13.551528 11.615564
19 1710 4800 3.23300 3.68124 10.452289 13.551528 11.901449
20 2103 4800 3.32284 3.68124 11.041266 13.551528 12.22172

21 2220 4500 3.34635 3.65321 11.198058 13.345943 12.224919
22 2230 4400 3.34830 3.64345 11.211113 13.27472814 12.199364
23 3816 4700 3.58161 3.67210 12.827930 13.484318 13.152030
24 4110 4700 3.61384 3.67210 13.059840 13.484318 13.270382
25 4173 4600 3.62045 3.66276 13.107658 13.415811 13.260839
26 5184 4400 3.71466 3.64345 13.798699 13.27472814 13.534178
27 8900 4600 3.94939 3.66276 15.597681 13.415811 14.465668
28 8900 4600 3.94939 3.66276 15.597681 13.415811 14.465668
29 10900 4500 4.03743 3.65321 16.300841 13.345943 14.749580
30 10920 4500 4.03822 3.65321 16.307221 13.345943 14.752466
31 12340 4500 4.09132 3.65321 16.738899 13.345943 14.946451
32 12340 4500 4.09132 3.65321 16.738899 13.345943 14.946451

At Editorially corrected.

X8. EXAMPLES FOR 5.3.2

X8.1 A PVC compound has a long-term hydrostatic X8.3 A PE compound has a long-term hydrostatic strength
strength of 4110 psi, a 50-year strength of 3950 psi, and a stres$ 810 psi, a 50-year strength of 600 psi, and a stress of 560 psi
of 6060 psi is required to give 5 % expansion at 100 000 his required to give 5% expansion at 100 000 h. Because

The expansion for 4110 psi at 100 000 h is 2.1 %. Becausg00/810 = 0.74, the selection is among 810, 600, and 560 psi.
3950/4110 = 0.961, the selection is between 4110 and 6060 pSiherefore, the hydrostatic design basis is 500 ps|
Therefore, the hydrostatic design basis is 4000 psi.

X8.2 A PVC compound has a long-term hydrostatic X8.4 An ABS compound has a long-term hydrostatic

strength of 4320 psi, a 50-year strength of 3310 psi, and a streS¥ ength of _3_320 ps_i, a 50-ye_ar strength of 302_0 psi, and a stress
of 4400 psi is required to give 5 % expansion at 100 000 hO! 4870 psi is required to give a 5 % expansion at 100 000 h.

Because 3310/4320 = 0.77, the selection is among 4320, 3318€cause 3020/3320 = 0.91, the selection is between 3320 and
and 4400 psi. Therefore, the hydrostatic design basis is 3158370 psi. Therefore, the hydrostatic design basis is 3150 psi.

psi.
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X9. EXAMPLES FOR 5.6.1 (PROCEDURE 1)

X9.1 Example Calculation No.-+For a PE Material, the T = 80°C (353°K) (176°F)

Test Method D 2837 calculated LTHS at 23°C (73°F) (296°K) S=600 psi

is 1605 psi. To validate this LTHS, pipe specimens must be 26054.1 4276.85 log 600

tested at three conditions. logt = —36.6843+ —5z5— — 353 (X9.4)
X9.1.1 Tests at Condition:| t = 2800h

When the average time (log basis) for six specimens tested at

T = 90°C (194°F) (363°K) _ _ Condition Il exceeds 2800 h, the Test Method D 2837 extrapo-
S = i‘)go _psel)hoop stress (approximately 120 psig for SDR |5¢ion to 1605 psi has been validated for this PE pipe lot.
pIp
At this condition, the following slit failure mode data were X9.2 Example Calculation No.2For a PE material, the
obtained: Test Method D 2837-calculated LTHS at 23°C is 1365 psi. To
Failure Time (h) Log Failure Time validate this LTHS, pipe specimens must be on test at three
conditions.
97 1.9867
148 21553 X9.2.1 Tests at Condition:|
218 2.3384
256 2.4082
357 2.5526
408 2.6106 T = 80°C (353°K) (176°F)
Average of log failure times = 2.3420 S = 660 psi hoop stress (approximately 132 psig for SDR
Average failure time (log basis) = 220 h 11 pipe

(220 is the anti-log of 2.3420)

,_,.
1

136, 148, 182, 215, 216, 287 h

X9.1.2 Tests at Condition I X9.2.2 Tests at Condition Il

T = 90°C (194°F) (363°K) T = 80°C (353°K) (176°F)
S = 500 ps| hoop stress (approximately 100 psig for SDR S = 450 psi hoop stress (approximately 90 psig for SDF 11
11 pipe) pipe)
At this condition, the following slit failure mode data were t = 779, 821, 864, 956, 1201, 1560 h
obtained: . :
Failure Time (h o0 Failure Ti X9.2.3 Calculate A, B, G-Determine the average failure
ailure Time (1) 0g raiure Time time (log basis) for Conditions | and Il. Remember that the
815 2.9111 average must be determined on a log basis. Solve three
1250 3.0969 ; ;
1930 32885 simultaneous equations.
2250 3.3521 B Clog 660
2651 3.4234 log191= A+ 55+ —3e5— (X9.5)
3785 3.5780 353 353
Average of log failure times = 3.2745 B Clog 450
Average failure time (log basis) = 1882 h log 998= A + ﬁ"_ —353 (X9.6)
X9.1.3 Calculate A, B, &-To calculate the three constants B | Clog 1365
1o . ) log 100 000= A + 55z + —5g5— X9.7
A, B, andC, we must solve the following three simultaneous °d 296 296 (X9.7)
equations: A= —20.2812
log 220 A + i . Clog 600 (x9.1) B =12265.1
63 363 ' C= -1524.04
B  Clog 500 . .. . .
log 1882= A + 753+ —=53 (X9.2) X9.2.4 Tests at Condition lll—Minimum Time Requirement
B Clog 1605 for Validation
log 100 000= A + 555+ ——5g5 — (X9.3) T = 60°C (333°K) (140°F)
A= —36.6843 S =660 psi hoop stress
_ 12265.1 1524.04 log 660
B =26054.1 logt = —20.2812+ ~gz=" — 523 (X9.8)
C = —4276.85

t = 4325h

X9.1.4 Tests at Condition lll—Minimum Time Requirement

for Validatiorn
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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