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SPECIAL NOTES

Note: This section 1s not part of ISO 10460:1993.

API publications necessarily address problems of a general nature. With respect to par-
ticular circumstances, local, state, and federal laws and regulations should be reviewed,

APT is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or
federal laws.

Information concerning safety and health risks and proper precautions with respect to
particular materials and conditions should be obtained from the employer, the manufac-
turer or supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or
product covered by letters patent. Neither should anything contained in the publication be
construed as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least
every five years. Sometimes a one-lime extension of up to two years will be added to this
review cycle. This publication will no longer be in effect five years after its publication
date as an operative API standard or, where an extension has been granted, upon republi-
cation. Status of the publication can be ascertained from the API Authoring Department
[telephone (214) 953-11017. A catalog of API publications and materials is published an-
nually and updated quarterly by API, 1220 L Sireet, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appro-
priate notification and participation in the developmental process and is designated as an
API standard. Questions concerning the interpretation of the content of this standard or
comments and questions concerning the procedures under which this standard was devel-
oped should be directed in writing to the director of the Exploration and Production De-
partment, American Petroleum Institute, 700 North Pearl, Suite 1840, Dallas, Texas 75201.
Requests for permission to reproduce or translate all or any part of the material published
herein should also be addressed to the director.

API publications may be used by anyone desiring to do so. Every effort has been made
by the Institute to assure the accuracy and reliability of the data contained in them; however,
the Institute makes no representation, warranty, or guarantee in connection with this pub-
lication and hereby expressly disclaims any liability or responsibility for loss or damage
resulting from its use or for the violation of any federal, state, or municipal regulation with
which this publication may conflict.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be utilized.
The formulation and publication of API standards is not intended in any way to inhibit any-
one from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an APT standard is solely respensible for complying with all the applica-
ble requirements of that standard. API does not represent, warrant, or guarantee that such
products do in fact conform to the applicable API standard.

Copyright © 1994 American Petroleum Institute
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FOREWORD

Note: This section is not part of [SO 10400:1993,

API Bulletin 5C3 serves as the basis for ISO 10400:1993. The complete text of both the
API and ISO standards is contained in this document. Some differences exist between the
API version and the ISO version of this standard; for example:

* The Special Notes and Foreword are not part of ISO 10400:1993,
+ Section 12 is not part of ISO 10400:1993,

Language that is unique to the ISO version is shown in bofd oblique type in the text
or, where extensive, is identified by & note under the title of the section. Language that is
unique to the API version is identified by a note under the title of the section or is shaded.
The bar notations identify parts of this publication that have been changed from the previ-
ous APT edition.

This standard is under the jurisdiction of the Committee on Standardization of Tubular
Goods.

This standard shall become effective on the date printed on the cover but may be used
voluntarily from the date of distribution,

vii
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APT BULL*E5C3 G4

Bulletin on Formulas and Calculations for Casing, Tubing,
Drill Pipe, and Line Pipe Properties

1 Scope

The purpose of this bulletin is to show the formulas used in the calculation of the vari-
ous pipe properties given in API standards, including background information regarding
their development and use. This bulletin is under the jurisdiction of the Committee on Stan-
dardization of Tubular Goods.

2 Collapse Pressure
2.1 COLLAPSE PRESSURE FORMULAS

The minimum collapse pressures given in API Bulletin 5C2 are calculated by means of
Formulas 1, 3, 5, and 7, adopted at the 1968 Standardization Conference and reported in
API Circular PS-1360 dated September 1968.

Formulas 2, 4, and 6 for the intersections between the four collapse pressure formulas
have been determined algebraically and used for calculating the applicable £/ range for
each collapse pressure formula. Factors A, B, C, F, and G have been calculated using For-
mulas 21, 22, 23, 26, and 27. When determining the appropriate formula to be used for cal-
culating collapse resistance for a particular D/ ratio and minimum yield strength, the D/t
ranges determined by Formulas 2, 4, and 6 govern, rather than the collapse formula that
gives the lowest collapse pressure. The D/ ranges are given in Tables 1, 2, 3, and 4.

The collapse pressures for APT Bulletin 5C2 are calculated using the specified values
for D and ¢, rounding D/t to two decimals carrying eight digits in all intermediate calcula-
tions and rounding the collapse pressure to the nearest 10 pounds per square inch.

Theoretical studies of the effect of ovality on tubular collapse resistance consistently in-
dicate that an ovality of 1 to 2 percent can effect a reduction in collapse resistance on the
order of 25 percent. However, experimental/empirical investigations indicate a much
smatler effect. Test data indicate that ovality is only one of many pipe parameters that in-
fluence collapse {including residuat stress, isotropy, shape of stress-strain curve/mi-
crostructure, and yield strength). Thorough review of industry collapse data indicates that
the influence of ovality does not warrant singling out the ovality as a dominant parameter,
A work group on collapse resistance concluded the effect of ovality on tubular collapse has
been handled during the adjustment of average collapse predictions to minimum perfor-
mance values and that ovality should not be awarded the status of an independent variable
in an API formula for collapse performance.

2.1.1 Yield Strength Collapse Pressure Formula

The vield strength collapse pressure is not a true collapse pressure, but rather the exter-
nal pressure, P, , that generates minimum yield stress, ¥,, on the inside wall of a tube as

calculated by Formula 1.

(Diy -1
P, =2Y | =t— 1

e P{ (D/1y? M

Formula 1 for yield strength collapse pressure is applicable for D/t values up to the value

of D/t corresponding to the intersection with the plastic collapse Formula 3. This intersec-
tion is calculated by Formula 2 as follows:
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VA-27+8(B+ O¥)+(A-2)
(B + CIY,) @)

D), =

The applicable Dy/f ratios for yield strength collapse are shown in Table 1.

2.1.2 Plastic Collapse Pressure Formula

The minimum collapse pressure for the plastic range of collapse is calculated by For-
mula 3: [

Pp=Y

A
ol B}—C (3)

Dit

The formula for minimum plastic collapse pressure is applicable for D/t values ranging
from (D/)pr, Formula 2 for yield point collapse pressure, to the intersection with the For-
mula 5 for transition collapse pressure (D/f),,. Values for (L/f),r ate calculated by means
of Formula 4:

Yo (A —F)
(Dfpr = — 4
T C+Y,(B-G)

The factors and applicable D/f range for the plastic collapse formula are shown in Table 2.

2.1.3 Transition Collapse Pressure Formula

The minimum collapse pressure for the plastic to elastic transition zone P, is calculated

by Formula 5: .
Pr=Y,|—~
N [D/z } ®)

Table 1—Yield Collapse Pressure Formula Range
(1} (2)

Grade+ W
H-40 16.40 and less
-50 15.24 and less
J.K-55 14.81 and less
-60 14.44 and less
-70 13.85 and less
C-E-75 13.60 and less
L-N-80 13.38 and less
C-90 13.01 and less
C-T-X-95 12.85 and less
-100 12.70 and less
P-G-105 1257 and less
P-110 12.44 and less
-120 12.21 and less
Q-125 12.11 and less
-130 12.02 and less
5-135 11.92 and less
-140 11.84 and less
-150 11.67 and less
-155 11.59 and less
-160 11.52 and less
-170 11.37 and less
-180 11.23 and less

2(Grades indicated without letter designation are not API grades but are grades in use
or grades being considered for use and are shown for information purposes.

"The D/t range values were calcnlated from Formulas 2, 21, 22, and 23 to eight or
more digits.
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Table 2—Formula Factors and D/t Range for Plastic Collapse

(1) (2} 3 4 (5)
Formula Factor®

Grade?® A B C D/t RangeP
H40 2.950 0.0465 754 16.40 t0 27.01
-50 2976 0.0515 1056 1524 10 25.63
J-K-55 2.991 0.0541 1206 14,81 10 25.01
-60 3.005 0.0566 1356 14.44 1024,42
-70 3.037 0.0617 1656 13.851023.38
C-E-75 3.054 0.0642 1806 13.60 t0 2291
1.-N-R0 3.071 0.0667 1955 13.38 t0 22.47
C-90 3.106 0.0718 2254 13.01 to 21.69
C-T-X-95 3124 0.0743 2404 12.85t0 21.33
-100 3143 0.0768 2553 12.70 to 21.00
P-G-105 3162 0.0794 2702 12.57 to 20.70
P-110 3.181 00819 2852 12.44 t0 2041
-120 3219 0.0870 3151 12.21 1o 19.88
Q-125 3239 0.0895 3301 12.11 to 19.63
-130 3.258 0.0920 3451 12.02 to 1940
5-135 3.278 0.0946 3601 [1.92 t0 19.18
-140 3,297 0.0971 3751 11.84 t0 1897
-150 3.336 0.1021 4053 11.67 to 18.57
-155 3.356 0.1047 4204 11.59 to 18.37
-160 3.375 0.1072 4356 11.52 10 18.19
-170 3412 0.1123 4660 11.37t0 17.82
-180 3.449 0.1173 4866 11.23 to 17.47

“Grades indicated without letter designation are not API grades but are grades in use or grades being considered
for use and are shown for information purposes,

The D/t range values and formula factors were calculated from Formulas 2, 4, 21, 22, 23, 26, and 27 to eight
or more digits.

The formula for P, is applicable for D/t values from (D/1),,, Formula 4 for plastic col-
lapse pressure, to the intersection (D/f)y; with Formula 7 for elastic collapse. Values for
(D)7 are calculated by Formula 6:

2 + B/A

D, =
(D) 3B/A

(6)

The factors and applicable D/t range for the transition collapse pressure formula are shown
in Table 3.
2.1.4 Elastic Collapse Pressure Formula

The minimum collapse pressure for the elastic range of collapse is calculated by Formula 7:

46.95 x 10¢

=0T )
D (Dn-1

E

The applicable D/t range for elastic collapse is shown in Table 4.

2.1.5 Collapse Pressure Under Axial Tension Stress

The coltapse resistance of casing in the presence of an axial stress is calculated by mod-
ifying the yield stress to an axial stress equivalent grade according to Formula 8;

Y, = {\/ 1-0.75(5,/%,)* - 0.5 S, /YJYP (8)
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Where:
S, = axial stress, pounds per square inch (tension is positive).
¥, = minimum yield strength of the pipe, pounds per square inch.
Y,, = yield strength of axial stress equivalent grade, pounds per square inch.

Collapse resistance formula factors and /! ranges for the axial stress equivalent grade
are then calculated by means of Formulas 2, 4, 6, 21, 22, 23, 26, and 27. Using formula
factors for the axial stress equivalent grade, collapse resistance under axial stress is calcu-
lated by means of Formulas 1, 3, 5, and 7.

The reduced collapse pressures are calculated using D/t rounded to two decimals and
carrying eight digits in all intermediate calculations and rounding the reduced collapse pres-
sure to the nearest 10 pounds per square inch.

API collapse resistance formulas are not valid for the yield strength of axial stress equiv-
alent grade (Y,) less than 24,000 pounds per square inch.

Formula 8 is based on the Hencky-von Mises maximum strain energy of distortion the-
ory of yielding.

Example:

Calculate collapse pre:ssure of size 7, weight 26, grade P-110, with axial stress of 11,000
pounds per square inch. Wall thickness is 0.362 inches.

S, = 11,000 pounds per square inch
Y, = 110,000 pounds per square inch

Table 3—Formula Factors and D/f Range for Transition Collapse

4] 2) (3) G2
Formula Factors®

Grade? F G D7t Ra.ngch
H-40 2.063 0.0325 2701 to 42.64
-50 2.003 0.0347 25.63 t0 38.83
J-K-55 1.989 0.0360 2501 t0 37.21
-60 1.983 0.0373 2442 10 35.73
-70 1.984 0.0403 23.38 10 33.17
C-E-75 1.990 0.0418 2291 t0 32.05
L-N-80 1.998 0.0434 22.47 to 31.02
C-90 2017 0.0466 21.69 to 29.18
C-T-X-95 2029 0.04582 21.33 t0 28.36
-100 2.040 0.0499 21.00 10 27.60
P-G-105 2.053 0.0515 20.70 to 26.89
P-110 2.066 0.0532 20.41 to 26.22
-120 2.092 D.0565 19.88 to 25.01
Q-125 2.106 0.0582 19.63 to 24 .45
-130 2.119 0.0599 19.40 to 23.94
5-135 2133 0.0615 19.18 to 23.44
-140 2.146 0.0632 18.97 10 22.98
-150 2,114 0.0666 18.57 t0 22.11
-155 2,188 0.0683 18.37 to 21.70
-160 2.202 0.0700 1819 to 21.32
-170 2.231 0.0734 17.82 to 20.60
-180 2.261 0.0769 17.47 to 19.93

*Grades indicated without letter designation are not API grades but are grades in use or grades being considered
for use and are shown for information purposes.

®The Dyt range values and formula factors were calculated from Formulas 4, 6, 21, 22, 23, 26, and 27 to eight
or more digits.
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Table 4—D/t Range for Elastic Collapse

(1) (2)
Grade® D/t Range®
H-40 42 .64 and greater

-50 38.83 and greater
J-K-55 37.21 and greater
-60 35.73 and greater
=70 33.17 and greater
C-E-75 32.05 and greater
L-N-80 31.02 and greater
C-90 29.18 and greater
C-T-X-95 28,36 and greater
-100 27.60 and greater
P-G-105 26.89 and greater
P-110 26.22 and greater
-120 25.01 and greater
Q-125 24.46 and greater
-13¢ 23.94 and greater
5-135 23.44 and greater
-140 2298 and greater
-155 22.11 and greater
-155 21.70 and greater
-160 21.32 and greater
=170 20.60 and greater
-180 19.93 and greater

#Grades indicated without letter designation are not API grades but are grades in use
or grades being considered for use and are shown for information purposes.
YThe D/t range values were calculated from Formulas 6, 21, and 22 to eight or more
digits.
Substituting in Formula 8:
Y., = 104,087 pounds per square inch
Substituting ¥, for Yin Formulas 2, 4, 6, 21, 22, 23, 26, and 27:

A = 3.158, B =0Q.0789, C = 2675, F = 2.051,G = 0.0512

(DIt = 12.59, (DI)pr= 20.75, (DI)yy = 27.02

D/t range for yield collapse = 12.59 and less

D/t range for plastic collapse = 12.59 to 20.75

Dft range for transition collapse = 20.75 to 27.02

Dt range for elastic collapse = 27.02 and greater
D/t =7/0.362 = 19.34, which indicates that collapse is in the plastic range. Substituting
A = 3,158, B =0.0789, and C = 2675 into Formula 3 for plastic collapse:

P =Y, [Al(Dir) - B] - C=104,087 (3.158/19.34 - 0.0789) — 2675
P = 6110 pounds per square inch

2.1.6 Effect of Internal Pressure on Collapse

The external pressure equivalent of external pressure and internal pressure is determined
by means of Formula 9. The formula is based on the internal pressure acting on the inside
diameter and the external pressure acting on the outside diameter.

P,=P,— (1 - 2/D/)P, ()
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Formula© was taken from a dissertation entitled “Collapse Resistance of Pipe,” pre-
sented to Century University, L.os Angeles, California, by W. O. Clinedinst in 1985.

2.1.7 Collapse Pressure Formula Symbols

D = nominal outside diameter, inches.
¢ = nominal wall thickness, inches.
Y, = minimum yield strength of the pipe, pounds per square inch.
P, = minimum yield strength collapse pressure, pounds per square inch.
P, = minimum plastic collapse pressure, pounds per square inch,
Py = minimum plastic/elastic transition collapse pressure, pounds per square inch.
P = minimum elastic collapse pressure, pounds per square inch.
P, = equivalent external pressure, pounds per square inch.
P, = internal pressure, pounds per square inch.
P, = external pressure, pounds per square inch.
(D/f)yr = Dvtintersection between yield strength collapse and plastic collapse.
(D/typr = D/t intersection between plastic collapse and transition collapse.
{(D/tyry = D/t intersection between transition collapse and elastic collapse.

2.2 DERIVATION OF COLLAPSE PRESSURE FORMULAS

Of the four formulas used for collapse pressure, those for vield strength collapse and
elastic collapse were derived on a theoretical basis, the plastic formula was derived em-
pirically from 2488 collapse tests for grades K-53, N-80, and P-110, while the plastic/elas-
tic transition collapse pressure formula was determined on an arbitrary basis. The plastic
and transition collapse formuias and the modification of the elastic collapse formula con-
stant were developed by Glen Hebard and reported in Appendix 2-k-4, API Circular PS-
1360, Report of the 1968 Pipe Committee meeting.

2.2.1 Yield Strength Collapse Pressure Formula Derivation

For heavy wall pipe, the use of plastic collapse Formula 3 for Pp could result in com-
pression stresses equaling or exceeding the yield strength. While there was experimental
evidence that the collapse pressure could exceed the external pressure causing yielding, it
was thought unsafe to use a collapse pressure value causing yielding, Therefore, the yield
strength collapse is based on the pressure that generates minimum yield stress on the in-
side wall of the tube calculated by means of the L.amé equation. The derivation of the Lamé
equation can be found in books covering theoretical elastic stress analysis,

2.2.2 Plastic Collapse Pressure Formula Derivation

Formula 3 for plastic collapse pressure, Pp, and factors A, B, and C were derived by sta-
tistical regression analysis from 402 collapse tests on K-55, 1440 collapse tests on N-80,
and 646 collapse tests on P-110 seamless casing. The data used were reported in Develop-
ment of Collapse Pressure Formulas by W. Q. Clinedinst (December 1963), which is avail-
able upon request from the API Dallas office. The data were gathered to represent the D/t
ranges typically involved in plastic collapse for the particular grades. The regression anal-
ysis resulted in the formulas of the Stewart type shown in Table 5 originally developed by
Professor Reid Stewart of Western University, Allegheny, Pennsylvania, (predecessor of
the present University of Pittsburgh) and published as an American Society of Mechanical
Engineers (ASME) paper in May 1906. These regression formulas (10, 11, and 12) for av-
erage collapse pressure are substantially the same as those on which the collapse values
given in the eleventh edition (1969) of API Bulletin 5C2 were based. The difference in the
new formulas from the old arises from the method of determining minimum values from
the average values. The new minimum values were determined by subtracting a constant
pressure determined for the particular grade from the average, while the old minimum val-
ues were determined by reducing the average values by 25 percent.
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Table 5 — Average Plastic Collapse Pressure Regression Formulas

(1) 2) 3) 4 (5)
Average Plastic Collapse Coet. of Standard Error.
Grade Regression Formula Det. R® Sp Formula No.

K-55 P= 164450 _ 2976 0.6478 435 10
Dit

N-80 pP= 245600 _ 5336 0 8627 719 L
Dit

P-110 p= 2080 a0 0.7720 1048 12

Statistical minimum values for the regression formulas are based on one-sided tolerance
limits developed following methods that can be found in Sratistical Theory With Engi-
neering Applications by A, Hald, published by John Wiley & Sons, Inc., New York, 1952.
Formulas 13, 14, 15, and 16 for one-sided tolerance limits are developed by such methods.
These tolerance limits are subtracted from the average collapse pressure formulas to ob-
tain minimum collapse pressure formulas.

C=1,(B)x ZxS; (13)
gy = Mt V(1 — u22F)N + u, }2f ”
PR = 1 u2i2f
2.570 + 1.645 V(I=1.3530/(N — D))/ N + 3.30245/(N — |

foss (0.005) = ( 171353(0/(]\, i)l) N-1) (15)

I {i/D- Dy

= T
z L+ T (16)

Formula 14 was taken directly from Hald’s book, Statistical Theory With Engineering Ap-
plications. Formula 16 provides a correction for variation from average /D used in the re-
gression and is based on information taken from George W. Snedecor’s Statistical Methods
published by the Iowa State College Press in 1956.

The following is a glossary of symbols used in Formulas 13 through 16:

€ = tolerance limit to be subtracted from average collapse pressure formula
to obtain the minimum collapse pressure formula, pounds per square inch
t,(8) = tolerance interval corresponding to a confidence leve] of P that the pro-
portion of the population not included does not exceed 6
Z = correction factor for variation in /D from average
Sy = standard error of estimate of the regression formula
g = the proportion of the population not included
1 — 8 = the proportion of the population included
i, o = fractile, the deviation from the mean of a standardized normal cumula-
tive distribution that includes the fraction 1 — 8 of the population
= confidence level
fractile corresponding to confidence level, p
= number of tests
degrees of freedom =N—-1
(/D) = average value of the #/D) ratios used in the regression
Sw = standard deviation of #D ratios used in the regression
(/D) — (/D) = the maximum absolute value of this quantity occurring in the test data is
to be used in Formula 16 for calculating Z

S 2\5 b
li
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Formula 15 was obtained from Formula 14 by taking P = 0.95 and 0 = 0.005 and sub-
stituting the corresponding values of u, = uy,; = 1.645 and u,_, = 14y 05 = 2.574 obtained

from a table of probability integrals.

Values for the tolerance limit C were calculated using Formulas 13 through 16 and are

shown in Table 6.

Subtracting the tolerance limit € values from the average collapse pressure Formulas
10, 11, and 12, the following Formulas 17, 18, and 19 for minimum collapse pressures are

obtained:
Grade

Minimum Plastic Collapse Pressure Formuta

K-55

N-80

P-110

p,=104450 _ 418

17

D/t an
245600

p, =000 9591 18

i3 D (18)
349800

p,=247800 _ 11875

Y (19)

These formulas for minimum plastic collapse pressure are based on the conception that
there is a 95 percent probability or confidence level that the collapse pressure will exceed
the minimum stated with no more than 0.5 percent failures.

While Formulas 17, 18, and 19 could be used in the form shown, they have been con-
verted to the following standard form primarily to facilitate extrapolation and interpolation
to obtain collapse formulas for other grades for which adequate collapse test data are not
available from which to obtain formulas direct:

PP= YrJ

A | (20)
D/t _B} ¢

The following factors A, B, and C for grades K-35, N-80, and P-110 were curve fit to
provide formulas for determining these factors for other grades by extrapolation and inter-

polation:
Factor
Grade A B C
K-35 2.990 0.0541 1205
N-80 3.070 0.0667 1935
P-110 3.180 0.082 2855
A = 28762 + 0.10679 x 109 x ¥p + 0.21301 X 10-0x ¥p* - 053132 x 108 x ¥p* (21)
B = 0.026233 + 0.50609 x 10% % ¥p (22)
C = —465.93 + 0.030867 x Yp—0.10483 x 1077 x ¥p? +0.36989 x 10~ x ¥p* (23)
Factors for grades K-55, N-80, and P-110 calculated vsing Formulas 21, 22, and 23 are
as follows:
Factor
Grade A B C
K-55 2.991 0.0541 1206
N-80 3.071 0.0667 1955
P-110 3.181 0.0819 2852

The maximum deviation of the factors determined by the formulas from those deter-
mined by regression analysis is 0.122 percent.

As additional data become available, these formulas can be verified or modified where
necessary. Analysis of collapse test data should conform to the principles followed in de-

veloping the present formulas.
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Table 6 — Tolerance Limit C to Be Subtracted From
Average Collapse Formulas to Convert to a Minimum Base

(D (2}

Grade C

K-55 1205
N-80 1955
P-110 2855

2.2.3 Transition Collapse Pressure Formula Derivation

When the curves of the formulas for average plastic collapse pressures are extended to
higher I/t values, they intersect the average elastic collapse pressure curve. However, as the
curves for minimum plastic collapse pressures are extended to higher D/t values, they fall
below the minimum elastic collapse pressure curve without intersecting it. In order to over-
come this anomaly, a plastic/elastic transition collapse pressure formula has been devel-
oped that intersects the D/r value where the average plastic collapse pressure formula gives
a collapse pressure of zero and is tangent to the minimum elastic collapse pressure For-
mula 7. This formula is used to determine minimum collapse pressures between its tan-
gency to the elastic collapse pressure curve and its intersection with the plastic collapse
pressure curve. This is shown in Figure 1 for grade N-80 casing.

The formula for plastic/elastic transition collapse pressure is of the Stewart form as
follows:

P.=Y, {% - G} (24)

Where:
P; = minimum transition collapse pressure.

The two conditions mentioned, (a) intersection with the average collapse pressure curve
Pp (average) = ¥p [AAD/t)] — B, where P, (average) =0, and (b) tangent to the elastic curve,

46.95 x 10°
= 25
£ (DIDUDI) - 1P 29
permit evaluation of A and B according to Formulas 26 and 27 as follows:
3B/A |}
4695 x 108 | ———
9510 I:Z + BIA]
F= (26)
3B/A 3BlA |
Y |——— (B, -
"I:Z + (BIA) ( /A)“il 2+ (B/A)}
G=FB/A (27)

2.2.4 Elastic Collapse Pressure Formula Derivation

The minimum elastic collapse pressure formula was derived from the theoretical elastic
collapse pressure formula developed by W. O, Clinedinst in a paper entitled “A Rational
Expression for the Critical Collapsing Pressure of Pipe Under External Pressure” presented
at APT’s annual meeting in Chicago in 1939.

2E 1

P=TaX (DIDDID — 1] 2 @8

Where:
E = elastic modulus, pounds per square inch.
Poisson’s ratio.

b
]
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The curve plotted from the formula for theoretical elastic collapse, assuming E is equal
to 30 x 10° and v is equal to 0.3, was found to be an adequate upper boundary for collapse
pressures as determined by test.

The average collapse resistance formula adopted by API in 1939 was taken as 95 per-
cent of the theoretical formula for elastic collapse resistance rounded to two decimals. The
minimum elastic collapse resistance formula adopted in 1968 was taken as 75 percent of the
average elastic collapse resistance formula rounded to three decimals.

. 46.95 x 108
T (DD A)-1]2 29)

2.3 COLLAPSE TESTING PROCEDURE
To be acceptable for APl use, collapse testing shall be according to 2.3.1 through 2.3.4.

2.3.1 Test Specimen
The test specimen shall have a length at least twice the outside diameter.

2.3.2 Test Apparatus

The test apparatus shall be such as to expose the full specimen length to the test pres-
sure. It shall not impose radial or axial restraint or axial load on the specimen, either me-
chanically or hydraulically, and shall not apply pressure to the inside surface of the
specimen. To ensure that the specimen is not axially restrained during testing, the initial
clearance between the end of the specimen and the end of the test chamber must be at least
0.06 inch for a test specimen 28 inches or less in length and proportionately greater for a
longer test specimen,

The test chamber shall be equipped with a maximum reading pressure measuring device
that is open to the test chamber during the test. The device shall have a minimum of 750 di-
visions between zero and its maximum working pressure and shall be certified by the man-
ufacturer to be accurate within one-fourth of 1 percent of the full scale reading.

The pressure measuring device shall be equipped with a dampening system to bleed pres-
sure slowly from the device at the time of specimen collapse.

The pressure measuring device shall be calibrated ar intervals of six months by means of
a dead weight tester or more frequently if there is reason to doubt its accuracy. The per-
centage of error within the working range of the pressure measuring device shall not ex-
ceed 1.0 percent.

Note: The 1.0 percent level of accuracy corresponds to the accuracy required of tension-testing machines (ASTM
E4).

2.3.3 Test Procedure

The exterior surface of the specimen shall be hydraulically loaded at a sufficiently slow
rate to permit reading of the collapsing pressure within the specified accuracy.

2.3.4 Data Reporting
The following data shall be reported:

a. The API designation of the test specimen pipe, such as nominal diameter, nominal
weight per foot, and grade,

b. The average outside diameter and the difference between maximum and minimum out-
side diameters of the specimen (ovality). A pi-tape may be used to obtain the average out-
side diameter. The difference between the maximum and minimum outside diameters
(ovality) may be obtained by using an ovality gauge as shown in Figure 2.

c. The average wall thickness and the difference between maximum and minimum wall
thickness based on eight readings of the specimen.

d. Process of manufacture:
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1. Seamless §
2. Welded W

e. Type of heat treatment:
1. Normalized NR
2, Normalized and tempered NT
3. Quenched and tempered QT

4. None AR
f. Type of straightening:

1. Rotary R

2. Hotrotaty H

3. Press P

4. None N

g. The clearance between the end of the test specimen and the test chamber.

h. The test specimen length.

i. The physical properties representing the collapse test specimen, including yield strength,

tensile strength and percent elongation in accordance with API Specifications 5CT [ISO
11960, in process] and 5D, from a tensile test specimen taken from the same length of
pipe as the collapse test specimen and adjacent to it.

J- The test specimen collapse pressure, defined as the maximuin external pressure required
to collapse the specimen. If the specimen did not collapse, the maximum pressure attained
shall be reported along with the statement that it did not collapse.

k. To facilitate data processing, it is desirable that the data be subnuwed as individual 80
character records according to the following format:’

Character

Columns, CC Data Description Symbol
1-6 OD size, dp (decimal point) in CC3
7-12 Nominal weight per foot dp in CC10
13-16 Grade, left justified H40
N8&o
P110
etc.
17-22 Average OD, dp in CC19
23-26 Max. OD-min. OD, dp in CC23
27-30 Average wall, dp in CC27
31-34 Max. wall-min. wall, dp in CC31
35 Process of manufacture
a. Seamless S
b. Welded w
36-37 Type of heat treatment
a. Normalized NR
b. Normalized and tempered NT
<. Quenched and tempered QT
d. None (as rolled) AR
38 Type of straightening
a. Rotary R
b. Hot rotary H
c. Press P
d. None N
3942 Test chamber end clearance, dp in CC39
4347 Test specimen length, dp in CC46

{continued on page 13)
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Character
Columns, CC Data Description Symbol

48-52 Yield strength, ksi, dp in CC51

53-57 Teasile strength, ksi, dp in CC56

58-39 Elongation in percent, whole number, right justified

6064 Collapse or maximum pressure, whole number,
right justified

65 Specimen collapsed, blank

Specimen did not collapse

66—-69 Test number, right justified

70-72 Manufacturer designation

73 Residual stress sign, compression at inside diameter
is negative

74-75 Residual stress ksi, right justified

76 Axial stress sign, tension is positive

T7-79 Axial stress, right justified

2.4 APPLICATION OF COLLAPSE PRESSURE FORMULAS TO LINE PIPE

The collapse pressure formulas presented in 2.1 and 2.2 are empirical relations derived
from tests on pipe representative of the casing and tubing inventories listed in API Speci-
fication 5CT. Application of these relations outside the range of yield strengths and Dy ra-
tios contained in API Specification 5CT is not recommended. These formulas do not apply
to cold expanded pipe because Bauschinger effects significantly reduoce collapse resistance.

Some line pipe grades listed in API Specification 51. have a rough casing equivalent in
API Specification 5CT. However, the API Specification 5L inventory of line pipe contains
D/t ratios that often exceed casing D/t ratios significantly.

For line pipe having a yield strength and D/t falling within the limits of the sizes and
thicknesses listed in API Specification 5CT, application of the formulas in 2.2 should yield
reasonable estimates of minimum collapse pressure. Nevertheless, as with the application
of any of the formulas in this document, sound engineering judgment should prevail.

Figure 2—QOvality Gauge
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3 Pipe Body Yield Strength

3.1 PIPE BODY YIELD STRENGTH

Pipe body yield strength is the axial load required to yield the pipe. It is taken as the
product of the cross-sectional area and the specified minimum yield strength for the par-
ticular grade of pipe.

Values for pipe body yield strength were calculated by means of Formula 30:

F,=0.7854(D? ~ dz)il; (30)
Where:
P, = pipe body yield sirength in pounds rounded to the nearest 1000.
Y, = specified minimum yield strength for pipe, pounds per square inch.
D = specified outside diameter, inches.
d = specified inside diameter, inches.

3.2 APPLICATION OF PIPE BODY YIELD STRENGTH
FORMULA TO LINE PIPE

The pipe body yield strength of line pipe under tensile axial load may be calculated-by
means of Formula 30. The pipe body yield strength of line pipe under coropressive axial
load may also be calculated by means of Formula 30. However, when loaded in cOmpees-
sion, pipe with a high D/t ratio or pipe with a high slenderness ratio, such as line pipe, may
undergo compressive axial buckling prior to reaching pipe body yield. Due to the sensi-
tivity of compressive axial buckling of pipe to anomalies, this type of critical load is nor-
mally determined empirically and is not covered in this document.

4 Internal Pressure Resistance

4.1 INTERNAL YIELD PRESSURE

The internal yield pressure for plain end pipe is determined by Formula 31. The internal
yield pressure for threaded and coupled pipe is the lowest of the internal yield pressure for
pipe or the internal yield pressure of the coupling, using Formulas 31 and 32.

4.1.1 Internal Yield Pressure for Pipe

Internal yield pressure for pipe is calculated from Formula 31. The factor 0.875 appear-
ing in Formula 31 allows for minimum wall.

P=0875 21 31
= 0875 — &y

Where:

P = minimum internal yield pressure in pounds per square inch, rounded to the
nearest 10 pounds per square inch.
specified minimum yield strength in pounds per square inch, as given in APT
Specification 5CT [ISO 11960, in process].

t = nominal wall thickness, inches.
D = nominal outside diameter, inches.

~
I

Internal yield pressures were calculated by using the tabulated values of diameter and
thickness to obtain a /D ratio value rounded to the nearest 0.000001, which is then used in
Formula 31.

4.1.2 Internal Yield Pressure for Couplings

Internal yield pressure for threaded and coupled pipe is the same as for plain end pipe,
except where a lower pressure is required to avoid leakage due to insufficient coupling
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strength. The lower pressure is based on Formula 32 and is rounded to the nearest 10
pounds per square inch.

- (")
P=Y |

P = minimum internal yield pressure in pounds per square inch, rounded to the near-
est 10 pounds per square inch.
= minimum yield strength of coupling, pounds per square inch,
= nominal outside diameter of coupling rounded to the nearest 0.001 inches.
d, = diameter at the root of the coupling thread at the end of the pipe in the power-
tight position rounded to the nearest 0.001 inches,

(32)
Where:

SR
[

For round thread casing and tubing,

d=E —(L, +AT+H-25_ (33)
Where:
E, = pitch diameter at hand-tight plane, inches (API Specification 5B fISO 10422]).
L, = length, from end of pipe to hand-tight plane, inches (APT Specification 5B
[1SO 10422]).
A = hand-tight standoff, inches (caution: “A™ in API Specification 5B [ISO 10422]
is given in “turns.”)
T = taper
= 0.0625 in.fin.
H = thread height, inches
= 0.08660 for 10 TPI
= 0.10825 for 8 TPL
S,, = 0.014 inches for 10 TPI

= 0.017 inches for 8 TPL

For buttress thread casing,

d=FE (L +DHT+ 062 34)
Where:
E, = pitch diameter, inches (API Specification 5B [ISO 10422]).
L, = length of perfect threads, inches (API Specification 5B [ISO 10422]).
Size, inches
41 5-13% Over 13%;
{ =10.400 0.500 0.375

T =0.0625 0.0625 0.0833

4.2 INTERNAL PRESSURE LEAK RESISTANCE AT E, OR E; PLANE

The internal pressure leak resistance at the E, or E; plane is calculated from Formula 35
and rounded to the nearest 10 pounds per square inch. Formula 35 is based on the seal be-
ing at the E, plane for round threads and the E; plane for butiress threads where the cou-
pling is the weakest and the internal pressure leak resistance the lowest, Also Formula 35
is based on the internal leak resistance pressure being equal to the interface pressure be-
tween the pipe and coupling threads resulting from makeup and the internal pressure itself,
with stresses in the elastic range.

P=ETNp(W:-FE}/2E W* (35
Where:
F = internal pressure leak resistance, in pounds per square inch, rounded to
nearest 10 pounds per square inch,
E = 30 x 10% (modulus of elasticity).
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T = thread taper, in//in.

0.0625 for round thread casing

0.0625 for buttress thread casing 13% and smaller
0.0833 for buttress thread casing 16 and larger.

= number of thread turns makeup

= A for round thread casing (API Specification 5B fISO 10422])
A + 1'%, for buttress thread casing 13% and smaller
= A + | for buttress thread casing 16 and larger.
thread pitch, inches

0.125 for round thread casing

= (0.200 for buttress thread casing.

inside diameters, inches.

= coupling outside diameter, inches.

pitch diameter at plane of seal, inches,

E, for round thread, inches,

E; for buttress thread casing, inches.

2
]

"
I3 I

hm%n..
I nunn

The interface pressure between the pin and box as a result of makeup is as follows:
P=ETNp(W?-EH(E—dH2E} (W2 -d?) (36)

Subsequent to makeup, internal pressure P, causes a change in the interface pressure by
an amount P,,

P,=P d* (W -ENEZ(W>-d% (37)

Since the external box diameter is always greater than the contact diameter, which in
turn is always greater than the internal pipe diameter, 2, will always be less than P,. There-
fore, when the total interface pressure P, + P, equals the internal pressure P, the connec-
tion has reached the ieak resistance limit P. In other words, if P, were greater than P, + P,
leakage would occur.

P+ P =pP=P (38)

Substituting the appropriate values for P, and P, into Formula 38 and simplifying pro-
duces Formula 35.

4.3 APPLICATION OF INTERNAL PRESSURE RESIST, ANCE
FORMULAS TO LINE PIPE ‘ .

The pipe internal ymld pressure of line pipe may be calcnlateri usmg FormuiaBI

5 Joint Strength
5.1 ROUND THREAD CASING JOINT STRENGTH

Round thread casing joint sttength is calculated from Formulas 39 and 40. The lesser of
the values obtained from the two formulas governs.

Formulas 39 and 40 apply to both short and long threads and couplings, Formula 39 is
for minimum strength of a joint failing by fracture, and Formula 40 is for minimum strength
of a joint failing by thread jumpout or pullout.

Fracture strength:

P =0954,U, 39
Pullout strength:
0.74D°20, Y.
£ =094, L|: 05L +0.14D L+ 0.14DJ (40
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Where:
P = minimum joint strength, pounds.
A, = cross-sectional area of the pipe wall under the last perfect thread, square inches

= (.7854 [(D - 0.1425)* — d?] for eight round threads.
D = nominal ouiside diameter of pipe, inches.
d = nominal inside diameter of pipe, inches.
L = engaged thread length, inches
L,— M for nominal makeup, API Specification 5B [ISO 10422].
¥, = minimum yield strength of pipe, pounds per square inch.
» = minimum ultimate strength of pipe, pounds per square inch.

o
1

Joint strengths of round thread casing given in API Bulletin 5C2 were calculated using
tabulated values of diameter and thickness and API-listed values of L, and M. Pipe area
was calculated to three decimals, D> was calculated to five digits using a seven-place
logarithm table, and remaining calculations used six digits. Listed values were rounded to
1000 pounds.

Formulas 39 and 40 were adopted at the June 1963 Standardization Conference as re-
ported in API Circular PS-1255. Derivation of the equations 1s covered in a paper, “Strength
of Threaded Joints for Steel Pipe,” presented by W. O. Clinedinst at the meeting of the
petroleum section of ASME in October 1964. They are based on the results of an API-
sponsored test program consisting of tension tests of 162 joints of round thread casing in
grades K-55, N-80, and P-110 covering a range of wall thicknesses in 4'/,-inch, 5-inch, 5Y,-
inch, 6%-inch, 7-inch, 9 %-inch, and 10%,-inch diameters using both short and long threads
where called for by the size and grade tested. Fourteen tests failed by fracture of the pipe
and 148 tests failed by puilout. Formula 39 agrees satisfactorily with the 14 test fractures.
Formula 40 is based on analytical considerations and was adjusted to fit the data by statis-
tical methods. The analytical procedure comprehended coupling properties, but it was
found by analysis of the current group of tests that the coupling was noncritical for standard
coupling dimensions, Subsequent testing established that these formulas are also applica-
ble to J-55 casing.

The factor 0.95 in Formulas 39 and 40 originates in the statistical error of a multiple-
regression equation with adjustment to permit the use of minimum properties in place of av-
€rage properties.

Coupling fracture strength:

P,=095AU, (41}
Where:

A, = cross-sectional area of the coupling, square inches,
= 078534 (W —-d ).
W = outside diameter of the coupling, inches.
d, = diameter at the root of the coupling thread at the end of the pipe in the power-
tight position rounded to the nearest 0.001 inches {see Formula 33), inches.
U, = minimum ultimate strength of the coupling, pounds per square inch.

il

5.2 BUTTRESS THREAD CASING JOINT STRENGTH

Buttress thread casing joint strength is calculated from Formulas 42 and 43. The lesser
of the values obtained from the two formulas governs.

Pipe thread strength:
P,=0.95 AU, [1.008 - 0.0396(1.083 - ¥, /U,)D] (42)
Coupling thread strength:
P,=0.954.U, (43)
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Where:
P = minimum joint strength, pounds.
¥, = minimum yield strength of pipe, pounds per square inch.
U/, = minimum ultimate strength of pipe, pounds per square inch.
U. = minimum ultimate strength of coupling, pounds per square inch.
A, = cross-sectional area of plain-end pipe, square inches

0.7854 (D* - d?).

A, = cross-sectional area of coupling, square inches,
= 0.7854 (W2 - 4.
D = outside diameter of pipe, inches.
W = outside diameter of coupling, inches.
d = inside diameter of pipe, inches.

d, = diameter at the root of the coupling thread at the end of the pipe in the power-
tight position rounded to the nearest 0.001 inches. See Formula 34.

Joint strengths were calculated to six-digit accuracy using cross-sectional areas of the
pipe and the coupling rounded to three decimals. Final values were rounded o the nearest
1000 pounds for listing in API Bulletin 5C2.

The formulas were adopted at the June 1970 Standardization Conference as reported in
API Circular PS-1398. They were based on a regression analysis of 151 tests of buttress
thread casing ranging in size from 4 ', inches to 20 inches OD and in strength levels from
40,000 pounds per square inch to 150,000 pounds per square inch minimum yield. Deniva-
tion of the formals is covered in W. O. Clinedinst’s report on “Buttress Thread Joint
Strength” shown as Appendix 2-k-6, Circular PS-1398.

5.3 EXTREME-LINE CASING JOINT STRENGTH

Extreme-line casing joint strength is calculated from Formula 44 as follows:
P=A,U, (44)
Where:
P = minimum joint strength, pounds.
A critical section area of box, pin, or pipe, whichever is least, square inches,
0.7854 (M2 - 4,%) if box is critical
0.7854 (D,* - d7) if pin is critical
0.7854 (D ? — d?) if pipe is critical.
specified minimum ultimate strength, pounds per square inch.
nominal joint OD, madeup, inches.
box critical section ID, inches,
I+2h-A+ 80
pin critical section OD, inches,
H+8-¢
nominal joint ID, madeup, inches.
nominal OD of casing, inches.
nominal ID of casing, inches.
minimum box thread height, inches,
0.060 for 6 threads per inch
0.080 for 5 threads per inch.
A = taper drop in pin perfect thread length, inches,
0.253 for 6 threads per inch
0.228 for 5 threads per inch.
14, maximum thread interference, inches,
= (H-Dr2.
maximum root diameter at last perfect pin thread, inches.
minimum crest diameter of box thread at Plane H, inches.

or

Il

& RS
I

R
(]

=a D&
mouon

1]

D>
]

b~
LI
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& = taper rise between Plane H and Plane J, inches,
0.035 for 6 threads per inch

0.032 for 5 threads per inch.

¢ = Y%, maximum seal interference, inches,

(A —0)2.

A = maximum diameter at pin seal tangent point, inches.
O = minimum diameter at box seal tangent point, inches.

Il

Using values listed in API standards, critical areas were calculated to three decimals and
the joint strengths were rounded to 1000 pounds,

5.4 TUBING JOINT STRENGTH

Non-upset tubing joint strength is calculated using Formula 45, the
product of the specified minimum yield strength and the area of the section
under the last perfect thread of the pipe. Upset tubing joint strength is
calculated using Formula 46, the product of the specified minimum yield
strength and the area of the body of the pipe. The area of the section under
the last perfect thread of API upset tubing is greater than the area of the body
of the pipe. The areas of the critical sections of regular tubing couplings,
special-clearance couplings, and the box of integral-joint tubing are, in all
instances, greater than the governing critical areas of the pipe part of the
Jjoint and do not affect the strength of the joint.

For caiculations based on the thread root area for non-upset tubing:

P =Y, x 0.7854 (D, - 2h, )2 — d?) (45)
For calculation based area of the body of the pipe for upset tubing:
P,=Y,x0.7854 (D? — d?) (46)

54 TUBING JOINT STRENGTH

Nonupset tubing joint strength for sizes 4'4 and smaller is calculated using Formula 45.
Nonupset tubing joint strength for sizes larger than 44, is calculated from Formulas 45 and
46, and the lesser of the values obtained from the two formulae governs. Formula 45 is the
product of the specified minimum yield strength and the area of the section under the last
perfect thread of the pipe and is applicable to all nonupset tubing in sizes 4% and smaller
and to those sizes and grades of casing used in tubing service that are expected to fail by
fracture at the last engaged thread. Formula 46 is the product of the yield/tensile ratio and
the pull-out strength calculated by Formula 40 and is applicable (o those sizes and grades
of casing used in tubing service that are expected to fail by pullout.

Load at yicld:
P, =Y, x0.78541(D, ~ 21y — d°) 45
Reduced effective load at yield:

Y,
, = FF 0.954 L [
2

59
074029 U, ¥, ] )

O05L+0.14D  L+0.14D
Upset tubing joint strength is calcutated using Formula 46-A and is the product of the

specified minimum yield strength and the area of the body of the pipe. The area of the section
under the last perfect thread of AP upset tubing is greater than the area of the body of the pipe.

P, =Y, x0.7854(D* — d%) (46-A)
The areas of the critical sections of regular tubing couplings, special-clearance couplings,

and the box of integral-joint tubing are in all instances greater than the governing critical
areas of the pipe part of the joint and do not affect the strength of the joint.

Where:

P, = minimum joint strength, pounds.
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15) = tabulated outside diameter, inches.
D, = tabulated major diameter, inches.
h, = height of thread, inches,
= 0.05560 inches for 10 threads per inch
= 0.07125 inches for eight threads per inch,
d = tabulated inside diameter, inches.

¥ = specified minimum yield strength, pounds per square inch.

Joint strengths were calculated to an accuracy of at least six digits and rounded to 100

pounds.

5.5 JOINT STRENGTH OF ROUND THREAD CASING WITH COMBINED

BENDING AND INTERNAL PRESSURE

Joint strength of round thread casing subjected to combined bending and internal pres-
sure is calculated from Formulas 47 through 50 on a total load basis and is expressed in

pounds.
Full fracture strength:

P,=0934,U,
Jumpout and reduced fracture strength:

£, =094, L {0.5L + 014D = L+014D

Bending load failure strength:

140.5 BD 3
B =0954 |:U - (_’"’"_) :|
b g/ .l (Up_ Yp 08
Wheve:
BIA,=Y,
U -y,
F,=0.954,, _u0.644 +Y,-21815 8D
Where:
R/, <Y,

Relationship between total and external load:

Total load = external load + sealing head load

Where:
Sealing head load = PA,
Relationship between bending and radius of curvature:

B =5730/R
Nomenclature,

Ay = area corresponding to inside diameter, square inches
= 0.7854 (D - 21)?

A = cross-sectional area of the pipe wall under the last perfect thread, square inches

i

0.7854 [(D — 0.1425)* —(D-21)*]
= bending, degrees per 100 feet
nominal outside diameter of pipe, inches

ratio of internal pressure stress to yield strength, or
PD

2Y, ¢
internal pressure, pounds per square inch
minimum yield strength of pipe, pounds per square inch

"W
I

Nl
H
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= engaged thread length, inches

= total tensile failure load with bending B, pounds

total tensile load at jumpout or reduced fracture, pounds
total tensile load at fracture, pounds

bending radius of curvature, feet

= nominal wall thickness, inches

= minimum ultimate strength of pipe, pounds per square inch

1

tt

ST s N
1]

Calculations were made to six or more digits accuracy without intermediate rounding of
areas. The final joint strength values were rounded to the nearest 1000 pounds.

The formulas for joint strength on a total load basis are based on a paper entitled “The
Effect of Internal Pressure and Bending on Tensile Strength of API Round Thread Casing”
presented by W. O. Clinedinst at the symposiuvm on mechanical properties of pipe during
the APT Midyear Standardization Conference in June 1967. The paper covered the devel-
opment of combined loading joint strength formulas and the determination of material con-
stants and formula coefficients based on the results of an API-sponsored research project
where 26 tests were made on 5 '%-inch, 17 pound-per-foot, K-55, short round thread casing.

5.6 LINE PIPE JOINT STRENGTH

Formulas for the joint strength of threaded line pipe were developed and presented to
the API Commiitee on Standardization of Tubular Goods by W. Q. Clinedinst at the 1976
Standardization Conference. The data and formulas were reproduced in API Circular PS-
1533 and are available on request from the APl Dallas office.

Although the joint strengths calculated from the formulas are in good agreement with ac-
tual test results, the cornmittee recommended that the data be presented for information only
without specific endorsement of their applicability to any given size or grade of line pipe.

6 Weights

Note: The dimensional symbols and corresponding numerical values used in the formulas for calculation of
weights in Section 6 are given in API Specification 5B [ISO 10422] and AP1 Specifications 5CT [ISO 11960,
in process], 5D, and 5L [Ses also IS0 3183-1].

The densities of martensitic chromium steels (L-80, Types 9Cr and 13Cr; C-75, Types
9CR and 13Cr) are different than carbon steels. A weight correction factor of 0.989 may be
used for these types.

6.1 NOMINAL WEIGHT

Nominal weight, expressed in pounds per foot, is used in connection with pipe having
end finish such as threads and couplings, upset and threaded ends, upset ends, etc., pri-
marily for the purpose of identification in ordering. It is also used generally in the design
of casing and tubing strings as the basis for determining joint safety factors in tension.

Nominal weight is approximately equal to the calculated theoretical weight per foot of
a 20-foot length of threaded and coupled pipe based on the dimensions of the joint in use
for the class of product when the particular diameter and wall thickness was introduced.
Some nominal weights in the present API casing list are based on sharp thread joints that
were in usc before the first API specification was adopted in 1924, The same nominal
weights are used for short thread joints, long thread joints, buttress thread joints, extreme-
line joints, and the various proprietary joints offered to the oil industry. Nominal weights
for upset drill pipe for weld-on tool joints are based on the caleulated weight-per-foot val-
ues of the original threaded and coupled drill pipe.

In determining the nominal weights from calculated weights, it would appear that round-
ing has been variously to increments of 0.01, 0.05, 0.1, and 0.5 pound per foot, etc., with
the order of percentage error being 0.5 percent and less. No definite procedure seems ap-
parent. It would seem logical to use these rounding increments for adding isolated new
nominal weights, selecting the increments most compatible with adjacent nominal weights.
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6.2 CALCULATED PLAIN-END WEIGHT

Plain-end weight per foot expressed in pounds is calculated by Formula 54 for Specifi-
cations 5CT [ISO 11960, in process], 5D, and 5L [See also ISO 3183-1].

W, =1068(D-1 1 54y
Where:
w,. = plain-end weight, calculated to four decimals and rounded to two decimals,
pounds per foot.
D = specified outside diameter, inches.

t

6.3 CALCULATED THREADED AND COUPLED WEIGHT

Calculated threaded and coupled weight of pipe has not appeared as such in API stan-
dards since 1964. However, calculation of this value is necessary to provide a basis for es-
tablishing nominal weights when new wall thicknesses are added to the specifications. It is
also used in the calculation of e,,, the weight gain due to end finishing of threaded and cou-
pled pipe.

The calculated threaded and coupled weight is based on a 20-foot length measured from
the outer face of the coupling to the end of the pipe as shown in Figure 3. It is calculated
from Formula 55,

specified wall thickness, inches.

20 FT

N 72+
L
20 —

Figure 3—Coupled Pipe

o Mt 2/ e + »:gli]glll_t of | weight removed in
pling threading two pipe ends

(55)

W=
20
Where:
w = threaded and coupled weight calculated to four decimals
and rounded to two decimals, pounds per foot.
N, = coupling length, inches.
J = distance from end of pipe to center of coupling in power-
tight position, inches.
w,. = plain-end weight calculated to four decimals, pounds per
foot.

[‘:g:glllt nogf} = weight of coupling calculated to four decimals, pounds.

weight of metal removed in threading both ends

|: weight removed in ] _
calculated to four decimals, pounds.

threading two pipe ends
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6.4 CALCULATED UPSET AND THREADED WEIGHT FOR INTEGRAL JOINT
TUBING AND EXTREME-LINE CASING

Calculated upset and threaded weight of pipe has not appeared as such in API standards
since 1964. However, this calculation is necessary for determination of e,, the weight gain
due to end finishing by upsetting and threading,

The formulas originally used by Armco Steet Corporation for calculating the upset and
threaded weight values for exireme-line casing shown in the 1963 editions of API casing
standards are no longer available due to destruction of some of their records. Calculations
using the formulas shown here and in 6.8.1, 6.8.2, and 6.12 for extreme-line casing result
in values substantially in agreement, but not always identical, with those shown in the 1963
API standards.

The calculated upset and threaded weight is based on a 20-foot length as shown in Fig-
ure 4 and 15 calculated from Formula 56.

| ]
Cl =

Figure 4—Upset Pipe

20 FT

weightof | | weight removed in
upsets threading two pipe ends
(56)

pe 20
Where:
w = upset and threaded weight calculated to four decimals
and rounded to two decimals, pounds per foot.
w,. = plain-end weight calculated to four decimals,
pounds per foot.

!:Wsijg;;ttsof} = weight of upsets calculated to four decimals, pounds.

ight d i . .
[ thr\::cliigl?g :‘evr(r)l(;\;;e g::ds jI = weight of metal removed in threading both ends

calculated to four decimals, pounds.

6.5 CALCULATED UPSET WEIGHT

Calculated upset weight of upset drill pipe for weld on tool joints has not appeared as
such in API standards since 1964. However, this calculation is necessary for determination
of ¢, the weight gain due to end finishing by upsetting.

The calculated upset weight per foot is based on a 20-foot length measured end to end,
including the upsets as shown in Figure 5, and is calculated from Formula 57.

Figure 5—Upset Pipe-Both Ends
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weight of
upsets
= Wpe +—e—o——— = 57
W= W, %0 (57)
Where:
w = upset weight calculated to four decimals and rounded to two decimals,
pounds per foot.
w, = plain-end weight calculated to four decimals, pounds per foot.
ight of .
[Ws;gsﬂso } = weight of upsets calculated to four decimals, pounds.

6.6 WEIGHT GAIN DUE TO END FINISHING

Since 1965, API standards list the calculated weight gain (or loss) due to end finishing,
e,,, rather than calculated threaded and coupled weight, calculated upset and threaded
weight, or calculated upset weight. Values of e, given in API standards are calculated from
Formula 58. For plain-end pipe, ¢, = 0.

e, =200w—w,) (58)
Where:
e, = weight gain (or loss) due to end finishing rounded to two decimals, pounds.
w = calculated threaded and coupled weight, upset and threaded weight, or upset
weight based on a 20-foot length, rounded to two decimals, pounds.
w,. = calculated plain-end weight rounded to two decimals, pounds per foot.

Values of e, may be calculated directly without the intermediate rounding of calculated
weight with end finish and plain-end weight from Formulas 39, 60, and 61, but the values
will not agree with those presently shown in API standards due to the difference in round-
ing procedures.

Direct calculation of e,—threaded and coupled pipe:

e = weightof | 1 N, + 2J w weight removed in (59)
» ™ | coupling 24 7| threading two pipe ends

Direct calculation of e, ~~upset and threaded pipe:

_| weightof | |  weight removed in
&= [ upsets ] threading two pipe ends (60)

Direct calculation of ¢ —upset pipe:

_ | weight of
ew__ upsets } (1)

The value, e,, is used to calculate the theoretical weight of a length of pipe by means of
Formula 62:

WL = wpe L + €y (62)
Where:
W, = caleulated weight of a piece of pipe of length L, pounds.
w,, = tabulated plain-end weight calculated to two decimals, pounds per foot.
L = length of pipe including end finish, calculated to one decimal, feet.

m
|

. = weight gain {or loss) due to end finishing, calculated to two decimals, pounds.

6.7 CALCULATED COUPLING WEIGHT

Coupling weights are calculated as shown in 6.7.1 for line pipe and round thread casing
and tubing, and in 6.7.2 for buttress thread casing. Coupling weights are based on the lower
value of hand-tight standoff in those sizes where more than one standoff value is given.
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6.7.1 Calculated Coupling Weight for Line Pipe and Round Thread
Casing and Tubing

Coupling weights for line pipe and round thread casing are calculated on the basis of
hand-tight dimensions.

Coupling weights for line pipe are calculated on the basis of the dimensions shown in the
1942 edition of Specification 5L, which are identical with those shown in the 1971 edition
[See also ISO 3183-1].

Coupling weights for round thread casing are calculated on the basis of the dimensions
show in the 1942 standards except for 18%-inch short and 20-inch-long round thread cas-
ing, which are based on hand-tight dimensions identical with the 1971 standard vajues.

Coupling weights shown for 18%;-inch long round threads and for 16-inch round threads
are based on the old sharp thread form and dimensions. The hand-tight standoff values in
the 1971 standards were made one thread turn larger than those in the 1942 standards. Re-
calculation on the basis of the 1971 hand-tight dimensions would result in slightly differ-
ent coupling weights.

Nonupset tubing coupling weights are based on 1942 coupling dimensions, except for
the 1.050-, 1.315-, and 1.660-inch sizes, which were based on coupling dimensions added
in 1962. The 1971 dimensions are identical with those from which the present coupling
weights were calculated.

External upset tubing coupling weights are based on 1942 coupling dimensions except
for the 1.050- and 1.315-inch sizes, which were based on coupling dimensions added in
1954. For regular diameter couplings, the dimensions used in calculating weights are iden-
tical with those in the 1971 standards. The special clearance coupling weights are based
on the diameters introduced in the 1958 standards, which are identical to those in the 1971
standards. In calenlating the weights of the special clearance couplings, an allowance is
made for the weight removed by the special bevel. However, the weights were calculated
several years before special clearance couplings were introduced into the standards in 1958
on the basis of a 12-degree bevel rather than the 20-degree bevel introduced in the 1962
standard. The weights were not recalculated for the change in bevel dimensions adopted
for the special bevel in 1962. The special bevel is also available on regular diameter cou-
plings, but separate listings of weights for these couplings are shown in the standards.

Weights for line pipe couplings and round thread casing and tubing couplings are cal-
culated from Formulas 63 through 72, with reference to Figures 6 and 7.

6.7.1.1 Couplings Without Special Bevel Weight Allowance, Based on
Hand-Tight Dimensions

—————N /2 ——f

L
__..M'_;

T

Figure 6— Pipe Coupling
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E. = E - (NJ/2-M)1aper) (63)
Vol.1I = 0.7854M@Q? (64)
Vol.II = 0.2618(N, /2 —-MYE??+EE+E? (653)
Vol. (I+11+1II) = 0.7854N, W22 (66)
Vol.III = Vol. (I+II+1I) - Vol. I - Vol. 11 67

calculated coupling | _

| [ weight = 0.5666(Vol. 1) (68)

Note: Calculanons for coupling weights are in pounds. The final calculated weight is rounded to two decimals
with no intermediate rounding in the calculations.

6.7.1.2 Coupling Weight Removed by Special Bevel

e

T_

w B

Figure 7—Pipe Coupling With Special Bevel

Formula 69, which is used to calculate the weight allowance for the special bevel on spe-
cial clearance couplings for external upset tubing, is approximate. The exact formula for
Vol. IV is shown as Formula 70.

0.7854 (W - B,) (W?— B?)

Vol IV = T8 (69)
(W-B
Vol. TV = —ta;;gﬁ [0.785W2 - 0.2618(BF+ B, W + W3] (70)

1: coupling weight

removed by } = 0.5666(Vol. V) (71)
special bevel

6.7.1.3 Coupling Weight With Special Bevel

The weight of a coupling with special bevel is calculated by subtracting the coupling
weight removed by the special bevel, Formula 71 above, from the weight of the coupling
without a special bevel, Formula 68, as indicated by Formula 72. Calculations for coupling
weights are in pounds. The final calculated weight is rounded to two decimals with no in-
termediate rounding in the calculations.

coupling weight | _ coupling weight coupling weight 79
with special bevel |~ | without special bevel || removed by special bevel (72)

6.7.2 Calculated Coupling Weight for Buttress Thread Casing

Coupling weights for buttress thread casing are calculated on the basis of power-tight
dimensions (instead of hand-tight dimensions as for line pipe and round thread casing and
tubing) by Formulas 73 through 78, with reference to Figure 8.

E = E; (I, + J) (taper) (73)
E;=E; + (g + X) (taper) (74)

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handling Services, 2000



APTI BULL%5CTI 9u 0732290 D534905 206 BN

BULLETIN ON FORMULAS AND CALCULATIONS FOR GASING, TuBing, DRILL PIPE, AND LINE PIPE PROPERTIES 27

t——r—— N /2 —

L

—

Figure 8—Weight Calculations for Buttress Thread Couplings

Where:
X

1

0.300 for sizes less than 16 inch

0.200 for sizes 16 inch and larger.

(taper) = 0.0625 for sizes less than 16 inch
= 0.0833 for sizes 16 inch and larger.

Vol. I = 0.2618 (N/2)E,2 + E. E, +E.2) (75)
Vol, (I+1I) = 0.7854(N,/2)W? (76)
Vol. 11 = Vol. (I+1D) — Vol. I (77

calculated
coupling weight

} = 0,5666(Vol. I1) (78)

More, Calculatons for coupling weights are in pounds. The final calculated weight is rounded to two decimals
with no intermediate rounding in the calculations,

6.8 CALCULATED WEIGHT REMOVED IN THREADING
The weight removed in threading pipe or pin ends is calenlated in accordance with 6.8.1. The
weight removed in threading and recessing box ends is calculated in accordance with 6.8.2.

6.8.1 Calculated Weight Removed in Threading Pipe or Pin Ends

The weight removed by threading pipe or pin ends is calculated from Formulas 79
through 86 with reference to Figures 9, 10, and 11.

L
4

Figure 9—Round Threads and Line Pipe Threads
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Figure 10—Butiress Threads

E, = E, - L, (taper) 7%
Where:
D, = upset cutside diameter of upset pipe and pipe outside diameter of nonupset
pipe and buttress thread casing.
(taper) = 0.0625 for all round threads and for buttress threads

in size less than 16 inch.
0.0833 for buttress threads in sizes 16 inch and larger.

il

Vol.I = 0.26182 (D2 + D,E; + E) (30)
Vol. I = 0.2618 (L, - g) (E*+ ESEy+ EgD (81)
Vol. (+II+1ID) = 0.7854L,D.2 (82)
Vol. Il = Vol, (I+I1+1I) — Vol. I - Vol II (83)
calculated weight
[removed in threading} = 0.2833(Vol. IID) (84)
4
1T
I 3
I 4
X Y
M G E o

Figure 11—Extreme-Line Thread
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Where:
X = 0.360 for sizes 5 '4 through 7% inches
0.404 for sizes 8 3, through 10%,.

-
I

3.230 for sizes 5 through 7 % inches
= 5.6583 for sizes 8 %; through 10%, inches.
Ey = G—0.529 for sizes 5, through 7 % inches

= G- 0.589 for sizes 8 %; through 10%, inches.
Vol. T = 0.7854XG? (85)
Vol. Il = 0.2618Y((7? + GE, + E) (86)
Vol. (I+11+1I) = 0.7854 (X + Y)Me (&7
Vol IIT = Vol. (I+11+HI) - Vol. I - Vol. II (88)

calculated weight

removed in threading one pin | = 0.2833(Vol. IIT) (89)

6.8.2 Calculated Weight Removed in Threading Integral
Joint Tubing and Extreme-Line Casing Box Ends

The weight removed by threading and recessing the box ends of integral joint tubing is
calculated from Formulas 90 through 96, with reference to Figure 12.

e Mrp———— LC —_——

‘I 1T , ;
= —1

Q EI EC (D-1)

Figure 12—Integral Joint Tubing

L=L,+J+A4 (90
E =E - L, (taper) 91
Where:
J = end of pipe to thread run-out in box power-tight.
Vol. (I+IID) = 0.7854M> 92)
Vol. (I1+1V) = 0.2618L_(E?* + E,E. + E?) (93)
Vol. (III+1V) = 0.7854(M + L)D - 1)* (94)
Vol. (1+1) = Vol {(I+11I) + Vol. (I1+1V) — Vol. (II1+I1V) (95)
[mﬁé’f&gﬁé Zi“&?ﬁigs’s?ngJ ~ 0.2833 [Vol. (L +11)] (96)

28
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I The weight removed by threading and reéessing the box ends of extreme-fine cakiﬁg is
calculated from formulag 97 through 103, with reference to Figure 13.
T hava
ar
w
J K N P D
Figure 13—Extreme-Line Casing
Where:
Z=05P-D)
Vol. (I+V) =0.2618W(J* + JK + K9 o7
Vol. (II+ V1) = 0.2618X(K* + KN + N?) (98}
Vol. (II1+ VI[) = 0.2618Y(N* + NP + P9 (99)
Vol. (IV+VIID = 0.2618Z(P? + PD + D?) (100}
Vol. (V+VI+VII+VIID = 0.7854 W+ X+ Y+ Z2)D? (10L)

Vol. J+T+1II+1V) = Vol. (I+V)+Vol. I+VD)+
Vol. (1IT+ VII) + Vol. IV+VIII) —-
Vol. (V+VI+VII+ VIII) (102)

calculated weight
|:removed in threagding =0.2833 [Vol. (T+II+IIT+1IV)} (103)

Nate: Calcuiations for weight removed in threading, or threading and recessing are in pounds and are carried to
four decimals.

6.9 CALCULATED WEIGHT OF EXTERNAL UPSETS

The weight added by an external upset is calculated by Formulas 104 through 108, with
reference to Figure 14.

I SV — L Y —
I m
i pivg K
D4 D D

Figure 14—External Upset
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Vol.(I+II) =0.78534 L,, D? (104)
Vol.{III+1V) = 0.2618m,, (D2 + D,D + D? (105)
Vol.(I+IV) =0.7854 (L, + m,, )D? {106)
Vol.(I+11I) = Vol (I+1I) + Vol. (ITNT+IV) - VolL.(II+1V) (107

{ calculated weight :|
of external upset | = (.2833[Vol. (I+I11I)] (108}

Note: Calculations for the weight of an external upset are in pounds and carried to four decimals.

6.10 CALCULATED WEIGHT OF INTERNAL UPSETS

The weight added by an internal upset is calculated by Formulas 109 through 113, with
reference to Figure 15.

_f

ou iu

Figure 15—Internal Upset

Vol.1 =0.2618L (4,2 +d, 4, +d.? {109}
Vol.II =0.2618m,, (d? + dd, +d,? (110}
Vol. (I+11+111) = 0.7854d*(L,, + m,,) (111)
Vol. ITI = Vol. (I+I+III) — Vol. I - Vol. TI (112)
calculated weight
[ of internal upset :| =(0.2833 (Vol. 11D (113

Note: Calculations for the weight of an internal upset are in pounds and carried to four decimals.

6.11 CALCULATED WEIGHT OF EXTERNAL-INTERNAL UPSETS

The weight added by an external-internal upset is calculated as the sum of the weight of
an external upset calculated from Formula 108, and the weight of an internal upset calcu-
lated from Formula 113, as given by Formula 114,

calculated weight | _| calculated weight | _ | calculated weight (114)
external internal upset internal upset external upset

Note: Calcnlations for the weight of an external-internal upset are in pounds and carried to four decimals.

6.12 CALCULATED WEIGHT OF EXTREME-LINE UPSETS

The weight added by the box and pin upsets for extreme-line casing is calculated from
Formulas 115 through 132 with reference to Figures 16 and 17.
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Meu N Leu
L
I o
D d T M Ho l!
Figure 16—Pin Upset
m,, =6(M - D) (115)
m, = 6(d-B) (116)
L,, = 8.000 — m,, for 51, through 7 % inch (117
= 10.500 — m,, for 8%, through 107, inch (118)
L, = 6.625 for 5, through 7% inch (119)
= §.000 for 8 % through 10%, inch (120)
Vol. I = 0.7854L,, M*+0.2618m,, (D*+DM~+M?) - 0.7854 (L, +m )D* (121)
Vol. 1 = 0.7854 (L + m,)d? — 0.7854L,, B> - 0.2618m,, (d* + dB + B?) (122)
weight of |
[pin upset :l =0.2833[Vol.(I+1I)] {123)
- ey > | T Mgy —*
T
-1 1
» N
L -l m
] iu Y

£
=
=%

Figure 17—Box Upset

m,, =6(M - D) (124)

m,=6d-D) (125)

L,, = 8.000 - m,, for 5's, through 7 % inch (126)

= 10,500 — m,, for 8 % through 10%, inch (127)

L., =7.000 for 5%, through 7% inch (128)

= 8.375 for 8 % through 10%, inch (129)

Vol. 1= 078541 M* + 0.2618m,, (M? + MD + D?) -0.7854 (L,, + m,)D? (130)

Vol. I = 0.7854(L,, + m )~ 0.7854L, D> - 0.2618m, (D? +D,d + d?) {131)
weight of |

[b s upset} =0.2833(Vol. I + Vol. II) (132)

Note: Calculations for the weights of the extreme-ling box and pin upsets are in pounds and carried to four decimals.
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7 Elongation
The minimum elongation in 2 inches is calculated from Formula 133:

AUZ

e = 625000 =

{133)
Where:

e = minimum elongation in 2 inches, rounded to nearest '+, percent.

A = cross-sectional area of the tensile specimen, based on specified outside diam-
eter, or nominal specimen width, and specified wall thickness, rounded to the
nearest .01 square inch, or (.75 square inch, whichever is smaller.

U = specified tensile strength, pounds per square inch,

The formula was adopted at the June 1967 Standardization Conference as reported in
API Circular PS-1340.

8 Flattening Tests

8.1 FLATTENING TESTS FOR CASING AND TUBING

The distance between plates for flattening tests for casing and tubing is calculated from
the formulas shown in Table 7, and rounded to one decimal.
8.2 FLATTENING TESTS FOR LINE PIPE

The distance between plates for flattening tests for electric flash weld, electric resistance
weld, and electric induction weld line pipe are calculated from Formulas 134 and 135, and
rounded to one decimal.

Grades less than X-52;

__ 307 (134)
0.07 + 3¢¥D
Grades X-52 and higher;
__ 305 135)
T 005 + 3D
Where:
§ = distance between flattening plates, inches.
¢t = specified wall thickness of pipe, inches.
[} = specified outside diameter of pipe, inches.

The flattening test formulas were developed by the Task Group on Welding and Weld
Testing and adopted at the June 1970 Standardization Conference as reported in API Cir-
cular PS-1398.

9 Hydrostatic Test Pressures

9.1 HYDROSTATIC TEST PRESSURES FOR PLAIN-END PIPE, EXTREME-
LINE CASING, AND INTEGRAL-JOINT TUBING

The hydrostatic test pressures for plain-end pipe, extreme-line casing, and integral-joint
wbing are calculated according to Formula 136, except for grade A-25 line pipe, grades A
and B line pipe in sizes less than 2%-inch OD, and threaded and coupled line pipe in sizes
67%;-inch OD and less, which were determined arbitrarily.

25
P= 1
D (136)
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Table 7—Fiattening Tests—Distance Betweeh Plates

(1) 2) (3)
Distance Between Plates,

Grade D/t Ratio Maximum (inches)
H-40 16 and over 0.5D
less than 16 D(0.83-0.0206 D/r)
J-55 and K-55 16 and over 0.65D
393t0 16 P{0.98-0.0206 (D)
less than 3.93 D(1.104-0.0518 D/t
N-80* 9 10 28 D(1.074-0.0194 Dff)
C-75 and L-80 91028 D(1.074-0.0194 D/
C-95* 9 to 28 D(1.080-0.0178 D/t)
Q-125° All D(1.092-0.014 D#r)

Notes:

1. D = nominal outside diameter of pipe, in inches; r = nominal wall thickness of pipe, in inches.

2. The flattening test formula for Grade H-40 was adopted at the May 1939 Standardization Conference. The for-
mulas for Grades J-55, K-55, N-80, C-75, and C-95 were adopted at the June 1972 Standardization Conference as
reported in APT Circular PS-1440. The formula for L-80 was adopted at the June 1974 Standardization Conference
as reported in API Circular PS-1487. The formula for Q-125 was adopted at the June 1984 Standardization Con-
ference as reported in API Circular PS-1736.

31f the flattening test of C-95 or N-80 fails at 12 or 6 o' clock, the flattening shall continue until the remaining por-
tion of the specimen fails at the 3 or 9 o’ clock position, Premature failure at the 12 or 6 o’clock position shall not
be considered basis for rejection.

b See API Specification SCT fISO 11960, In process]and SR 11, Flattening shall be a minimum of 0.85D.

Where:

P = hydrostatic test pressure rounded to the nearest 10 pounds per square inch for
line pipe and to the nearest 100 pounds per square inch for casing and tubing
S = fiber stress corresponding to the percent of specified yield strength as given in

Table 8.
t = specified wall thickness, inches.
D = specified outside diameter, inches.

9.2 HYDROSTATIC TEST PRESSURE FOR THREADED AND COUPLED PIPE

The hydrostatic test pressure for threaded and coupled pipe is the same as for plain-end
pipe except where a lower pressure is required to avoid leakage due to insufficient internal
yield pressure of the coupling or insufficient internal pressure leak resistance at the E, or E;
plane calculated using Formulas 137 and 141 respectively.

9.2.1 Internal Yield Pressure for Couplings

9.2.1 Maximum Hydrostatic Test Pressure for Threaded and Coupled Pipe

To avoid leakage due to insufficient coupling strength, the hydrostatic test pressure for
threaded and coupled pipe must not exceed the pressure calculated using Formula 137,

The internal yield pressure for the coupling is calculated using Formula 137 and rounded
to the nearest 100 pounds per square inch:

P=08Y, (W—p}d’) (137)
Where:
Y. = minimum yield strength of coupling, pounds per square inch.
W = nominal outside diameter of coupling, inches.
d, = diameter at the root of the coupling thread at the end of the pipe in the power-

tight position rounded to nearest 0.001 inch.

For round thread casing and tubing:
d=E -, +A)T+ H-2S, (138)
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Tabie 8—Factors for Test Pressure Formulas

L)) 2 3 ) (3} ) )

Fiber Stress as a Percent of
Specified Minimum

Yield Strength Maximum Test
e
Standard Test Alternative Test  Test Pressure Pressure” (psi)
Grade Size Pressures Pregsures Rounding  Standard  Alternative

AandB 23/ thru 3, 60 75 10 2500 2500
over 31/, 60 75 10 2800 2800
X grades 44, and under 60 75 10 3000 3000
6% and 8%, 75 b 10 3000 b
10%, theu 18 85 v 10 3000 v
20 and larger 20 b 10 3000 v
H-40, 1-55, 9% and under R0 80 100 3000 10000
and K-55 10%, and larger 60 80 100 3000 10000
L-80and N-80  All sizes 80 b 100 10000° b
C-75 All sizes 80 b 100 10000° b
C-90 All sizes 80 o 100 10000° b
C-95 Al sizes 80 b 100 10000° b
P-103 All sizes 80 80 100 10000° d
P-110 All sizes 80 80 100 10000° d
Q-125 All sizeg 80 80 100 10000° ¢

2 Higher test pressures are permissible by agreement between purchaser and manufacturer.
®No allernative test pressure.
“Plain-end pipe is tested to 3000 pounds per square inch maximum unless a higher pressure is agreed upon by the
gurchaser and manufacturer.

No maximum test pressure, except that plain-end pipe is tested to 3000 pounds per square inch uniess a higher
pressure is agreed upon by the purchaser and manufacturer.

For line pipe:
di=E (I, +A)T+H-2f, (139)
Where:
E, = pitch diameter at hand-tight plane, inches.
L, = length, from end of pipe to hand-tight plane, inches.
hand-tight standoff, inches.
taper
0.0625 inch/inch.
thread height, inches
0.0321 for 27 TPI
0.0481 for 18 TP
0.0619 for 14 TPI
0.0753 for 11", TPI
0.08660 for 10 TPI
0.10825 for 8 TPL
= 0.014 inch for 10 TPI
0.017 inch for 8 TPL.
Fw = 0.0012 for 27 TPI
0.0018 for 18 TPI
0.0024 for 14 TPI
0.0029 for 11, TPI
= 0.0041 for 8 TPL

2 =S
[T I | N T R | A | O O { ||

1l

nn
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For bultress thread casing:
di=E,-(I,+ DT+ 062 (140)
Where:
E, = pitch diameter, inches.

L, = length of perfect threads, inches.
Size, inches
4%, 5-13% Over 13%;
I = 0400 0.500 0.375
T = 0.0625 0.0625 0.0833

Formula 137 bases the coupling hydrostatic pressure strength on the coupling being
stressed to 80 percent of minimum yield strength at the root of the coupling thread at the
end of the pipe in the power-tight position. The basis for this formula was adopted at the
1968 Standardization Conference as shown in API Circular PS-1360.

9.2.2 Internal Pressure Leak Resistance at E, or E, Plane

The internal pressure leak resistance at the E, or E, plane is calculated from Formula
141 and rounded to the nearest 100 pounds per square inch. Formula 141 is based on the
seal being at the E, plane for round threads and the E; plane for buttress threads where the
¢oupling is the weakest and the internal pressure leak resistance the lowest. Also, Formula
141 is based on the internal leak resistant pressure being equal to the interface pressure be-
tween the pipe and coupling threads resulting from makeup and the internal pressure itself,
with stresses in the elastic range.

P=ETNp (W -—ENEW? (141
Where:

P = internal pressure Jeak resistance, in pounds per square inch, rounded to
nearest 10 pounds per square inch.

30 % 10° (modulus of elasticity).

thread taper, inch/inch

0.0625 for round thread casing

0.0625 for buttress thread casing 13%g and smaller

0.0833 for buttress thread casing 16 and larger.

number of thread turns makeup

A for round thread casing (API Standard 5B [ISO 10422])
= A + 1Y, for buttress thread casing 133f8 and smaller

A -+ 1 for buttress thread casing 16 and larger.

thread pitch, inches

0.125 for round thread casing

0.200 for buttress thread casing.

= coupling outside diameter, inches.

= pitch diameter at plane of seal, inches

E, for round thread, inches

. = E, for buttress thread casing, inches.

E
T

2
nnonon

M=
nowono

10 Makeup Torque for Round Thread Casing and Tubing

The values of optimum makeup torque listed in API Recommended Practice 5C1 [ISO
10405] in foot-pounds were taken as 1 percent of the calculated joint pullout strength for
round thread casing and tubing as determined from Formula 40 rounded to the nearest 10
foot-pounds. The minimum torque was taken as 75 percent and the maximum as 125 per-
cent of the optimum torque, both rounded to the nearest 10 foot-pounds.
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In the study of makeup torque, the Task Group on Recommended Practice 5C1 observed
that the API round thread joint pullout strength formula contains several of the variables
believed to affect makeup torque. The task group investigated the possibility of using a
modification of the joint strength formula for establishing torque values. They found that
the torque values obtained by dividing the caiculated pullont value by 100 to be generally
comparable to those values obtained by field makeup tests where the API modified thread
compound was used.,

This method for calculating makeup torque was adopted at the June 1970 Standardiza-
tion Conference as reported in API Circular PS-1398. Subsequently, optimum and maxi-
mum torque was dropped for large diameter (16-20 inch) casing. Minimum torque was
changed to 1 percent of pullout strength. This was adopted at the June 1980 Standardiza-
tion Conference as reported in API Circular PS-1637,

Action was taken by the APl Committee on Standardization of Tubular Goods at the
February 1991 meeting to eliminate minimum and maximum torque values and emphasize
position on makeup.

11  Guided Bend Tests for Submerged Arc Welded Line Pipe

Dimensions for the jig for gnided bend tests for submerged arc welded line pipe are cal-
culated from Formula 142 with reference to Figure 18.

———A&S REQUIRED - —1I 45 REQUIRED -
T TAPPED .
%, [ :]——MOUNT\NG WOLE ~f-  — = l 21
i

T b ZREASED ARDENED RO
H. NED Ll -
- bre st ™ ERS MAY 8E SUBSTITUTED s

1757

(3.2 mrt

[——

542"
(51 7 30,8 mmd

t OSPECIFIED WALL THIGKNESS GF FIpp

Figure 18—Guided Bend Test Jig
A= L15(D -2 ot

e/t —2e -1 (142)
Where:
1.15 = peaking factor.
D = specified OD, inches.

-~
1]

specified wall thickness, inches.
strain, inchfinch

= 0.1675 for Grade A
0.1375 for Grade B
0.1375 for Grade X-42
(.1325 for Grade X-46
0.1275 for Grade X-32
= (.1200 for Grade X-56
0.1125 for Grade X-60
0.1100 for Grade X-65
0.1025 for Grade X-70
= (.0900 for Grade X-80.

LY
Il I mwn Il
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R, = LA
B = A+ 2t+ 'yinch.
Ry = 'hB.

Values for e are based on Formula 143 shown in Ttem 4a of API Circular PS-1340 re-
porting the actions of the 1967 Standardization Conference except for Grade X-70, which
were adopted at the June 1972 Standardization Conference and shown in API Circular PS-
1440, The values calculated by means of Formula 143 are rounded to the nearest multiple
of 0.0025 with the exception of the values for Grades X-32 and X-56, which are rounded
to the next higher multiple of 0.0025.

(0.64)°*
e = 3000 o9 (143)
P
Where:
¢ = strain, inch/inch.
U, = minimum ultimate strength of the pipe, pounds per square inch.

The values of Diménsion & in Appendix F of API Specification 5L fsee also ISO
3183-1] are calculated from Formula 142 and rounded to the next lower standard value
shown as follows:

in. in. in. .
1.0 2.2 52 12.6
1.2 2.6 6.2 15.1
1.4 3.1 7.4 18.1
1.6 3.7 g8 21.7
1.9 4.4 10.5 26.0

31.2

Derivation of the guided bend test formula is covered in the paper, “Development of Re-
quirements For Transverse Ductility of Welded Pipe” by W. H. Thomas, A. B. Wilder, and
W. O. Clinedinst, presented at the June 1967 Standardization Conference.

12 Determination of Minimum Impact Specimen Size for
API Couplings and Pipe
The following is the basis for determining the impact specimen size for AP1 couplings
and pipe.

12,1 CRITICAL THICKNESS

The Charpy V-Notch (CVN) absorbed energy requirements for API couplings are based
on the coupling thickness at the critical thickness. The critical thickness for APT couplings
is defined as the thickness at the root of the thread at the middle of the coupling based on
the specified coupling diameter and the specified thread dimensions. The critical thickness
for all API couplings is provided in Table 9. For pipe, the critical thickness is the specified
wall thickness.

12.2 CALCULATED COUPLING BLANK THICKNESS

The appropriate thread height is added to the critical thickness provided in Table 9, and
the result is divided by 0.875 to determine the calculated thickness of the coupling blank.
The calculated coupling blank thickuess for all API couplings is provided in Table 10.

12.3 CALCULATED WALL THICKNESS FOR TRANSVERSE SPECIMENS

The calculated wall thickness necessary for full size, three-quarter size, and one-half size
transverse impact test specimens for API couplings, including 2 0.020-inch OD and a
0.020-inch ID machining allowance, is determined according to the following formula and
provided in Table 11.
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Table 9—Ciritical Thickness of Various AP] Couplings (inches)

Pipe OD NUE EUE EUE 8C BTC 5C BTC LTC STC
1.050 0.169 0211
1.315 0.211 0.258
1.660 0.239 0.240
1.900 0.196 0.251
2.375 0,304 ¢.300 0.224
2.875 0.38¢ 0.358 0.254
3.500 0.451 0454 0.294
4.000 0.454 0.458
4.500 0.435 0.493 0.259 0.322 0.349 0.337
3.000 0.266 0.360 0.392 0.372
5.500 0.268 0.356 1.389 0.370
6.625 0.274 0.469 0.508 0.485
7.000 0.280 0.420 0.458 0.430
7.625 0.343 0.536 0.573 0.546
8.625 0.352 0.602 0.647 0612
9.623 0.352 0.602 0.657 0.614
10.750 0.352 G.602 0.618
11.750 0.602 0.618
13.375 0.602 0.618
16.000 0.667 0.632
18.625 0.854 0.819
20.606 0.667 0,673 0.634

Note: The coupling blank thickness is greater than indicated above, due to the thread height and manufacturing
allowance to avoid black crested threads.

Minimum wall thickness (inches) =

(OD/2) - [(OD/2Y — 1.17221%5 + 0.040 in. + £(0.3937) (144)
Where:
OD = specified coupling OD.
f = 1.00 for full-size specimens.

f = 0.75 for three-quarter size specimens.
f = 0.50 for one-half size specimens.

12.4 CALCULATED WALL THICKNESS FOR LONGITUDINAL SPECIMENS

The calculated wall thickness necessary for fuli-size, three-quarter-size, and one-half-size
longitudinal impact test specimens for AP couplings, including a 0.020-inch OD and a 0.020-
inch ID machining allowance, is determined according to the following formula and pro-
vided in Table 12:

Minimum wall thickness (inches) =
(OD/2) — [(OD/2)* - 0.3875]°° + 0.040 in. + £(0.3937) (145)

12.5 MINIMUM SPECIMEN SIZE FOR API COUPLINGS

The calculated wall thickness of the coupling blank (see 12.2 above) is compared to the
calcutated wall thickness required for an impact test specimen (see Tables {1 and 12). The
minimum size impact test specimen that shall be selected from Table 11 or 12 is the largest
impact test specimen having a calculated wall thickness that is less than the calculated wall
thickness of the coupling blank for the connection of interest. See Table 13 for the mini-
mum acceptable size transverse specimens and Table 14 for the minimum acceptable size
longitudinal specimens. Tables 13 and 14 are used to determine the impact specimen ori-
entation and size as required in API Specification 5CT [ISO 11960, in process].
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Table 10—Calculated Couplings Blank Thickness for APl Couplings (inches)

Pipe OD NUE BUE EUE SC BTC SC BTC LTIC STC

1.050 0.257 0.304

1.315 0.304 0.358

1.660 0.337 0.338

1.900 0.288 0.351

2.375 G.411 0.424 0.337

2875 0.498 0.491 0.372

3.500 0.578 0.600 0.417

4.000 0.600 0.605

4.500 0.578 0.645 0.367 0.439 0.480 0.466

5.000 0.375 0.483 0.529 0.507

5.500 0.377 0477 0.526 0.504

6.625 0.384 .607 0.662 0.636

7000 0.391 0.551 0.605 0573

7.625 0469 0.683 0.736 0.705

8.625 0.473 0.75% 0.821 0.781

9.625 0.473 0.759 0.832 0.783
10.750 0.473 0.759 0.788
11.750 0.759 0.788
13.375 0.759 0.788
16.000 0.833 0.803
18.625 1.047 1.018
20.000 0.333 0.850 0.806

12.6 IMPACT SPECIMEN SIZE FOR PIPE

Procedures specified in 12.3 and 12.4 are used to determine the wall thickness neces-
sary for impact test specimens for pipe except that the OD term is the specified pipe OD.
Tables specifying the calculated wall thickness necessary to machine full-size, three-quar-
ter-size, and one-half-size transverse and longitudinal impact test specimens are provided
in Sections 4 and SR16 of API Specification 3CT [ISO 11960, in process].

12.7 LARGER SIZE SPECIMENS
In some cases it may be possible to machine larger impact test specimens if
a. The coupling blank is thicker than that calculated in 12.2, or if
b. The full 0.020-inch-OD and 0.020-inch-ID machining allowances are not utilized.

c. The impact test specimens are partially rounded due to the OD curvature of the original
tubular product. (See API Specification 5CT) {ISO 11960, in processj

12.8 REFERENCE INFORMATION

For a discussion of fracture mechanics and the equations used in API Specification SCT
[ISO 11960, In process]io determine the absorbed energy requirements, see A. Kent
Shoemaker’s “Application of Fracture Mechanics to Oil Country Tubular Goods,” API Pipe
Symposium, June 1989. The transverse requirement is based on the above reference. The
longitudinal requirement is based on the transverse requirements, and a longitudinal-to-
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Table 11—Transverse Impact Specimen Size Required for APl Couplings

(i) €2) 3} S (5) (6}

Calculated Wail Thickness (inches)
Required to Machine Transverse
Charpy Impact Specimens®

Pipe Qutside Coupling Outside
Diameter (inches) Connection Diameter (inches} Full Size 3, Size Y, Size
3.500 NUE 4.250 0.730 0.632 0.533
3.500 EUE 4.500 0.711 0.613 0.514
4,000 NUE 4.750 0.695 0.596 0.498
4.000 EUE 5.000 0.680 0.582 (.483
4.500 NUE 5.200 0.670 0571 0.473
4.500 EUE 5.563 0.653 0.555 0.456
4,500 5A./8 5.000 0.680 {0.582 0.483
5,000 S/L/B 5.563 0.653 0.555 0.456
5.500 S/L/B 5.050 0.634 0.536 0.437
6.625 S/A./B 7.390 0.596 0.497 0.399
7.000 S/L/B 7.656 0.590 0.492 0.393
7.625 S/A./B 8.500 (0,574 0.475 0.377
8.625 S5/1./8 9.623 0.557 0.459 0.360
9.625 5/L/B 10.623 0.545 0.447 0348
10,730 S/B 11.750 (.534 (3.436 0.337
11.750 SB 12.750 (1.526 (.428 {.329
13.375 . 5/B 14.375 0.516 0.417 0319
16.000 5B 17.000 0.503 (.405 0.306
18.625 S/B 20.000 0.492 {0.304 (.296
20,000 S/1./B 28000 0.490 0.391 0.293

Note: 5 =5TC: L = LTC; and B = BTC connections.
*Wall thicknesses provide a 0.020-inch OD and 0.020-inch 1D machining allowance.

transverse ratio of 1.33 for Grades J-55 and K-35 and 2.0 for higher strength grades. See J.
D. Burk’s “Practure Resistance of Casing Steels for Decp Gas Wells,” Journal of Metals,
January 1983, pages 65-70, for the correlation of K, to CVN for high strength steel.

The requirement for pipe in SR 16 of API Specification SCT [ISO 11960, in process]
is based on the minimum specified yield strength rather than the maximurn specified yield
strength used for couplings. This choice is made since the stress level of the pipe is typically
expected to be less than the stress level of the couplings.

(text continues on page 44}
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Table 12 — Longitudinal Impact Specimen Size Required for APl Couplings
(1) ) &) 4y (5) 6)
Calculated Wall Thickness (inches}
Required to Machine Longitudinal
Charpy Impact Specimens®
Pipe Quiside Coupling Outside

Diameter (inches)  Connection Diameter (inches) Full Size 31, Size L, Size
1.050 NUE 1.313 0.464 0.365 0.267
1.050 EUE 1.660 0.457 0.359 0.261
1.315 NUE 1.660 0.457 0.359 0.261
1.315 EUE 1.900 0.454 0356 0257
1.660 NUE 2.054 0.453 0.354 0.256
1.660 EUE 2.200 0.451 0.353 0.255
1.900 NUE 2,200 0.451 0.353 0.255
1.900 EUE 2.500 0,449 0.351 0.252
2.375 NUE 2.875 0.447 0.349 0.250
2378 EUE 3.063 0.446 0.348 0.250
2.875 NUE 3.500 0.445 0.346 0.248
2.875 EUE 3.668 0.444 0.346 0.247
3.500 NUE 4.250 0.443 0.344 0.246
3.500 EUE 4.500 0.442 0.344 0.245
4.000 NUE 4,750 0.442 (0.343 0.245
4.000 EUE 5.000 0.441 0.343 0.245
4.500 NUE 5.200 0441 0,343 0.244
4.500 EUE 5.563 0.441 (.342 0.244
4.500 S/A/B 5.000 0.441 0.343 0.245

Note; § = STC; L = LTC; B = BT'C connections.
2Wall thicknesses provide a 0.020-inch-OD and 0.020-inch-1D machining allowance.

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handl i ng Services, 2000



0732c90 0538921 us9 EA

API BULL%*5C3 94

BuLLETIN ON FoRMULAS AND CALCULATIONS FOR CASING, TUBING, DRILL PIPE, AND LINE PIPE PROPERTIES

Table 13 — Minimum Size Transverse Charpy Impact Test Specimens
for Various API Couplings

(1) 2) (3) 4 (5} (6) ) (8

Minimum Permissible Stze Transverse
Charpy Impact Test Specimens®

Spectal Clearance®

Pipe Qutside
Diameter (inches) NUE EUE EUE BTC BTC LIC STC
3,500 Uy Yy A — — — o~
4.000 3, 3, — — — — —
4500 3, Yy _ b b b b
5.000 — — — ', Y, 7R Y,
5.500 — — — i, iy A 4,
6.625 — — — Fuill Fuil Full Full
7.000 — — - 3, ¥, Full 3,
7.625 — — — Fuk Full Full Full
8.625 — — — Full Fult Full Full
9,625 — — — Full Full Full Full
10,750 —_ — — Full Full —_— Full
11.750 — — - — Full — Full
13.375 — — — — Full — Full
16.000 — — — - Full - Fuil
18.625 — — — — Full — Full
20.000 — — — — Fudl Fult Fuil

Note: Transverse specitnens are not possible for couplings for pipe sizes smaller than 3,500 inches.
“The size of the specimen is relative to a full-size specimen that is 10 millimerers by 10 millimeters.
¥Must use longitudinal test specimen, .

“The Charpy impact specimen size assumes that special clearance couplings are machined from standard
couplings,

Table 14 — Minimum Size Longitudinal Charpy Impact Test Specimens for
AP! Couplings for All Pipe Less Than 3'/,-Inch Outside Diameter and for
Larger Sizes Where Transverse Test Specimens One-Half Size
or Larger Are Not Possible

{1} 2 (3 (4} (5} (6) N (8

Minimum Permissible Size Longitudinal
Charpy Tmpact Test Specimens®

Special Clearance®

Pipe Outside

Dizmeter (inches) NUE EUE EUE BTC BTC LIC STC
1.0S0 b i, — — - — —
1315 I, 3, - —_ — — —
1.660 A A — — — — —
1.9%0 i, &2 — - — — —
2375 3, ¥ A — — — —
2.875 Full Ful Full — — — —
3.500 N/A N/A. N/A — — — —
4,000 N/A N/A — —_ — — —
4.500 N/A N/A — A A Fuil Full

Note: N/A = Transverse impact test specimens shalf be used for all tubing connections for pipe 3.500-inch OD and
targer and for all casing 5.000-inch QD and larger.

¥The size of the specimen is relative to a full-size specimen that is 10 millimeters by 10 millimeters.

bPipe not thick enough to test based on calculations. However, if the coupling material is slightly thicker than
calculated it will be possible to machine a Y,-size longitudinal test specimen.

“The Charpy impact specimen size assumes that special clearance couplings are machined from standard
couplings,
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13 Metrication
13.1 METRIC CONVERSIONS AND CALCULATIONS

Metric units in specifications are shown in parentheses in the text. Outside
diameters and wall thicknesses are converted from inch dimensions. The
converted values are rounded to the nearest 0.1 miliimeter for diameters less
than 18 inches and to the nearest 1.0 millimeter for diameters 18 inches and
larger. Wall thicknesses are rounded to the nearest 0.1 millimeter.

Metric inside diameters and drift diameters are calculated from the metric
outside diameters and wall thicknesses and rounded to the nearest 0.1 mil-
fimeter.

Metric plain-end weights are calculated from the metric outside diameters
and wall thicknesses by the following formula and rounded to the nearest
0.01 kilogram per meler:

W,, = .02466 (D - t)t

Metric hydrostatic test pressures are calculated from the metric outside
diameters and wall thicknesses and melric fiber stresses as shown in sec-
tion 9.

The factors used where conversions are appropriate are as follows:

1inch (in.)
1 square inch {(sq. in.)

25.4 millimeters (mm) exactly
645.16 square millimeters (mny)

1 pound per square inch (psi) 6.895 kilopascals (kPa) for pressure
0.006895 megapascals (MPa) for
stress

1.3558 Joules (J} for impact energy
1.3558 newiton-meters (Nem) for

forque

exactly
1 foot (fl) = 0.3048 meters (m)} exactly
1 pound (ib) = 0.45359 kilograms (kg)
1 pound per foot (Ib/ft) = 1.4882 kilograms per meter (kg/m)

1 foot-pound (fi-Ib)

The following formula was used to convert degrees Fahrenheit (°F) to de-
grees Celsius (°C): °C = 5/9 (°F - 32).

The following procedures were used to make the soft conversion of US customary units
to SI units in API Specification SCT:

a. Outside Diameter. US customary values for the outside diameters of pipe and couplings
are converted to 81 values using the following formula:

D =254xD
Where:

D = Sl outside diameter, mm.
D = outside diameter, in.

The ST outside diameters of pipe and couplings with a specified outside diameter of 6.625
in. (168.28 mm) and smaller are rounded to the nearest 0.01 mmn, and the 81 outside diam-
eters of pipe and couplings with a specified outside diameter larger than 6.625 in. (168.28
mm) are rounded to the nearest 0.1 mm.

b. Wall Thickness. US customary values for wall thickness are converted to SI values using
the following formula:
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£ =254xt
Where:

t, = metric wall thickness, mm.
t = wall thickness, in.

SI wall thicknesses are rounded to the nearest 0.01 mm.

c. Inside Diameter. US customary values for inside diameter of pipe are converted to SI
values using the following formula;

d,=254xd
Where:

d, = 51 inside diameter, mm.
d = ingide diameter, in.

Like the outside diameter, the SI inside diameters of pipe with a specified outside diam-
eter of 6.625 in. (168.28 mm) and smaller are rounded to the nearest 0.01 mm, and the SI
inside diameters of pipe with a specified outside diameter larger than 6.625 in. (168.28 mm)
are rounded to the nearest 0.1 mm.

d. Drift Diameter. The drift diameter is calculated using the following formula:
dd, =254xd-d,
Where:

dd,, = drift diameter, ram.
d =inside diameter, in.
dc, = drift constants, mm.

The SI drift diameter is rounded to the nearest 0.01 mm.
The US customary values for the drift diameters specified by the purchase order are con-
verted to SI values using the following formula;

dds,= 254 x dds
Where:

dds,, = drift diameter, mm.
dds = drift diameter, in.

This Si drift diameter is also rounded to the nearest 0.01 mm.

e. Plain End Linear Density. The plain end linear density is calculated (not converted) using
the following formula: :

P,=0.0246615 (D, -t ) ¢,
Where:

P, = metric plain end mass/meter, kg/m.
D, = metric cutside diameter, mm,
t, = metric wall thickness, mm.

The SI plain end linear density is rounded to the nearest 0.01 kg/m.

f. Yield Stength and Tensile Strength. US customary values for vield strength and tensile
strength are converted 1o SI values using the following formula;

ys,=0.00689476 x ys
ts, = 0.00689476 x t5
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Where:
vs,, = vield strength, N/mm®
¥s = yield strength, psi.
ts,, = tensile strength, N/mm?.
ts = tensile strength, psi.

SI strengths are rounded to the neavest 1 N/mim?.

g. Hydrostatic Test Pressures. SI hydrostatic test pressures are calculated (not converted)
using the SI outside diameters, wall thicknesses and yield strengths, and the appropriate
formula.

The calculated hydrostatic test pressores are rounded to the nearest 0.1 megapascal
(MPa). .
h. Temperature. The following formula is used to convert degrees Fahrenheit (°F) to de-
grees Celsius (°C):

°C = 5(°F - 32)/9

The SI temperature is rounded to the nearest 1°C.
i. Charpy Impact Energy. US customary values for impact energy are converted to SJ val-
ues using the following formmia:

E,=135582xE,

Where:
E_ = charpy impact energy, J.
E, = charpy impact energy, ft-Ibs.
SI energy values are rounded to the nearest joule.

J- Recommended Makeup Torque. US customary values for recommended makeuop torque
are calculated, without rounding, and are converted to SI values using the following conver-
sion factor:

1 pound-foot (Ib-1t) = 1.35582 Newion-meters {IN=m)
SI metric recommended makeup torques are rounded to the nearest 10 Nem.

13.2 ROUNDING OF METRIC UNITS

Metric units are converted or calculated in accordance with 13.1, and the number of dig-
its shown are in accordance with Table 15.

Table 15 -~ Number of Decimals to Be Shown in Metric Units
(0 (2) (3)

Property Metric Units Mumber of Decimals
Diameter m 1
Thickness and imperfections min 1
Upset and coupling length mm 1
Length m 2
Weight kg 2
Weight per foot kg/m 2

I Stress and tensile strength N/mm? 0
Pressure MPa 0
Guided bend A mm 1
Thread elements
Major diameter mm 1
Pitch diameter mim 3
Thread length mm 2
Thread height mm 3
Recess depth mm 1
J mm 1
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14 Caiculation Accuracy and Rounding

14.1 ACCURACY

In the calculation of pipe properties, a sufficient number of digits shall be carried
throughout to give two digits beyond the last digit to be retained in rounding.

14.2 INTERMEDIATE ROUNDING

In the calculation of certain pipe properties, intermediate roundings are required before
the final result. Instructions for calculation of the particular pipe property indicates when
such intermediate roundings are required. For example, in the calculation of buttress thread
joint strength, the cross-sectional areas of the pipe and the coupling are rounded to three
decimals before using in the joint strength formula; and the diameter at the root of the cou-
pling thread at the end of the pipe is rounded to three decimals before calculating the cou-
pling cross-sectional area.

14.3 FINAL ROUNDING

In some of the earlier calculations, it was the practice to drop all digits beyond the last
to be retained without rounding. Later, and up until 1942, the present rounding procedure
was followed. For the period from 1942 until about 1968, the old ASA (now ANSI) round-
ing procedure was used. In this procedure the last digit retained is unchanged when the next
digit is less than 5, or raised by 1 when greater than 5. When the digit following the last
digit retained is exactly 5 followed by all zeros, the last digit retained remains unchanged
if it is even, or is raised by 1 if it is odd.

In the present rounding rule, the last digit retained is raised by 1 when the following digit
is 5 or greater. When the following digit is less than 5, the last digit retained remains un-
changed. This method was adopted for simplicity in connection with computer program-
ming. The computer programming procedure for this method consists of adding S to the
digit column following the last to be retained, and then dropping all digits after the last one
to be retained.

A variation of one rounding unit can be expected in the final calculated value, among
calculations performed with different electronic computers, because of differences in han-
dling floating point numbers.
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