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Strategies for Today’s
Envivonmenzal Partnership

API ENVIRONMENTAL, HEALTH AND SAFETY MISSION
AND GUIDING PRINCIPLES

The members of the American Petroleum Institute are dedicated to continuous efforts to
improve the compatibility of our operations with the environment while economically
developing energy resources and supplying high quality products and services to consum-
ers. We recognize our responsibility to work with the public, the government, and others to
develop and to use natural resources in an environmentally sound manner while protecting
the health and safety of our employees and the public. To meet these responsibilities, API
members pledge to manage our businesses according to the following principles using
sound science to prioritize risks and to implement cost-effective management practices:

o To recognize and to respond to community concerns about our raw malcrials, prod-
ucts and operations.

o To operate our plants and facilities, and to handle our raw materials and products in a
manner that protects the environment, and the safety and health of our employees
and the public.

e To make safety, health and environmental considerations a priority in our planning,
and our development of new products and processes.

e To advise promptly, appropriate officials, employees, customers and the public of
information on significant industry-related safety, health and environmental hazards,
and to recomimend protective measures.

e To counsel customers, transporters and others in the safe use, transportation and dis-
posal of our raw materials, products and waste materials.

e To cconomically develop and produce natural resources and o conserve those
resources by using energy efficiently.

e To extend knowledge by conducting or supporting research on the safety, health and
environmental effects of our raw materials, products, processes and waste materials.

# To commit to reduce overall emissions and waste generation.

e To work with others to resolve problems created by handling and disposal of hazard-
ous substances from our operations.

e To participate with government and others in creating responsible laws, regulations
and standards to safeguard the community, workplace and environment.

e To promote these principles and practices by sharing experiences and offering assis-
tance Lo others who produce, handle, use, transport or disposc of similar raw materi-
als, petroleum products and wastes,
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SPECIAL NOTES

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

AP is not undertaking to meet the duties of employers, manufacturers, or suppliers to
watn 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 fed-
eral laws,

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions shouid be obtained from the employer, the manufacturer 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
mnnplication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued 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-time 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

[telephone (202) 682-8000]. A catalog of API publications and materials is published annu-
ally and updated quarterly by API, 1220 L Street, N.W.,, Washington, D.C. 20003,

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an APT
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the director of the Exploration and Production Department,
American Petroleum Institute, 1220 L Strect, N'W., Washington, D.C. 20005, Requests for
permission to reproduce or translate all or any part of the material published herein should
also be addressed to the director.

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 anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirernents of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, Photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher.

AP[ Publishing Services, 1220 L Street, N.W, Washington, D.C. 20005,

Copyright © 1998 American Petrolenm Instituts

COPYRI GHT 2000 Aneri can Pet roleumlinstitute
I nformati on Handling Services, 2000



STD.API/PETRO RP 76-ENGL 1993 M 0732290 0bO09bbb TLL HE

FOREWORD

This recommended practice is under the jurisdiction of the API Subcommittee on Stan-
dardization of Drilling and Servicing Equipment.

The purpose of this recommended practice is to standardize techniques for the procedure
of drill stem design and to define the operating limits of the drill stem.

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 publication
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.

Changes from the previous edition are denoted with bars in the margins. The bars indicate
new content or major editorial changes. Changes to section numbers due to reformatting or
minor editorial changes are not denoted with bars.

Suggested revisions are invited and should be submitted to the director of the Exploration
and Production Department, American Petroleum Institute, 1220 L Street, N.'W., Washing-
ton, D.C. 20005.

This recommended practice shall become effective on the date printed on the cover but
may be used voluntarily from the date of distribution.
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Recommended Practice for Drill Stem Design and Operating Limits

1 Scope
1.1 COVERAGE

This recommended practice involves not only the selection
of drill string members, but also the consideration of hole
angle control, drilling fluids, weight and rotary speed, and
other operational procedures.

1.2 SECTION COVERAGE

Sections 4, 5, 6, and 7 provide procedures for use in the
selection of drill string members. Sections 8, 9, 10, 11, 12,
and 15 are related to operating limitations which may reduce
the normal capability of the drill string. Section 13 contains a
classification system for used drill pipe and used tubing work
strings, and identification and inspection procedures for other
drill string members. Section 14 contains statements regard-
ing welding on down hole tools. Section 16 contains a classi-
fication system for rock bits.

2 References
{See also Appendix B.)
AFI
RP 5C1  Care and Use of Casing and Tubing
Bull 5C3  Bulietin on Formulas and Calculations for
Casing, Tubing, Drill Pipe, and Line Pipe
Properties
Spec?  Specification for Rotary Drill Stem Ele-
ments
RP7Al1  Recommended Practice for Testing of
Thread Compounds for Rotary Shouldered
Connections
RP 13B-1  Recommended Practice Standard Proce-
dure for Field Testing Water-Based Drill-
ing Fluids
RP 13B-2 Recommended Practice Standard Proce-
dure for Field Testing Oil-Based Drilling
Fluids
ASTM!
D3370  Standard Practices for Sampling Water
NACE?
MR-01-75  Sulfide Stress Cracking Resistant Metallic

Material for Oil Field Equipment

! American Society for Testing Materials, 100 Barr Harbor Drive, West Con-
shocken, Pennsylvania 19428,
NACE International, PO. Box 218340, Houston, Texas 77218-8340.

3 Definitions

3.1 bending strength ratio: The ratio of the section
modulus of a rotary shouldered box at the point in the box
where the pin ends when made up divided by the section mod-
ulus of the rotary shouldered pin at the last engaged thread.

3.2 bevel diameter: The outer diameter of the contact
face of the rotary shouldered connection.

3.3 Dbit sub: A sub, usually with 2 box connections, that is
used to connect the bit to the drill string.

34 bhox connection: A threaded connection on Oil
Country Tubular Goods (OCTG) that has internal (female)
threads.

3.5 calibration system: A documented system of gange
calibration and control.

3.6 Class 2: An API service classification for used drill
pipe and tubing work strings.

3.7 cold working: Plastic deformation of metal at a tem-
perature low enough to insure or cause permanent strain.

3.8 corrosion: The alteration and degradation of material
by its environment.

3.9 critical rotary speed: A rotary speed at which har-
monic vibrations occur. These vibrations may cause fatigue
failures, excessive wear, or bending.

3.10 decarburization: The loss of carbon from the sur-
face of a ferrous alloy as a result of heating in a medium that
reacts with the carbon at the surface.

3.11 dedendum: The distance between the pitch line and
root of thread,

3.12 dogleg: A term applied to a sharp change of direc-
tion in a wellbore or ditch. Applied also to the permanent
bending of wire rope or pipe.

3.13 dogleg severity: A measure of the amount of
change in the inclination and/or direction of a borehole, usu-
ally expressed in degrees per 100 feet of course length.

3.14 drift: A drift is a gauge used to check minimum ID of
loops, flowlines, nipples, tubing, casing, drill pipe, and drill
collars.

3.15 drill collar: Thick-walled pipe or tube designed to
provide stiffness and concentration of weight at the bit.

3.16 drill pipe: A length of tube, usually steel, to which
special threaded connections called tool joints are attached.
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3.17 drill string element: Drill pipe with tool joints
attached.

3.18 failure: Improper performance of a device or equip-
ment that prevents completion of its design function.

3.19 fatigue: The process of progressive localized perma-
nent structural change occurring in a material subjected to
conditions that produce fluctuating stresses and strains at
some point or points and that may culminate in cracks or
complete fracture after a sufficient number of Huctuations.

3.20 fatigue failure: A failure which originates as a result
of repeated or fluctuating stresses having maximum values
less than the tensile strength of the material.

3.21 fatigue crack: A crack resulting from fatigue. See
fatigue.

3.22 forging: (1) Plastically deforming metal, usually hot,
into desired shapes with compressive force, with or without
dies. (2) A shaped metal part formed by the forging method.

3.23 kelly: The square or hexagonal shaped steel pipe con-
necting the swivel to the drilt string. The kelly moves through
the rotary table and transmits torque to the drill string.

3.24 kelly saver sub: A short substitute that is made up
onto the bottom of the kelly to protect the pin end of the kelly
from wear during make-up and break-out operations.

3.25 Ilast engaged thread: The last thread on the pin
engaged with the box or the box engaged with the pin.

3.26 lower kelly valve: An essentially full-opening valve
installed immediately below the kelly, with outside diameter
equal to the tool joint outside diameter. Valve can be closed to
remove the kelly under pressure and can be stripped in the
hole for snubbing operations.

3.27 make-up shoulder: The sealing shoulder on a
rotary shouldered connection.

328 minimum make-up torque: The minimum make-
up torque is the minimum amount of torque necessary to
develop an arbitrarily derived tensile stress in the pin or com-
pressive stress in the box. This arbitrarily derived stress level
is perceived as being sufficient in most drilling conditions to
prevent downhole make-up and to prevent shoulder separa-
tion from bending loads.

329 minimum OD: For tool joints on drill pipe with rotary
shouldered connections, the minimum OD is the minimum
box OD that will allow the connection to remain as strong as a
specified percentage of the drill pipe tube in torsion.

3.30 oll muds: The term “oil-base drilling fluid” is
applied to a special type drilling fluid where oil is the contin-
uous phase and water the dispersed phase. Such fluids contain
blown asphalt and usually 1 to 5 percent water emulsified into

the system with caustic soda or quick lime and an Organic
acid. Silicate, salt, and phosphate may also be present. Oil-
base drilling fluids are differentiated from invert-emulsion
drilling fluids (both water-in-oil emulsions) by the amounts of
water used, method of controlling viscosity and thixotropic
properties, wall-building materials, and fluid loss.

3.31 pin end: A threaded connection on Qil Country
Tubular Goods {OCTG) that has external (male) threads.

3.32 plain end: Drill pipe, tubing, or casing without
threads. The pipe ends may or may not be upset.

3.33 premium class: An API service classification for
used drill pipe and tubing work strings.

3.34 quenched and tempered: Quench hardening—
Hardening a ferrous alloy by austenitizing and then cooling
rapidly enough so that some or all of the austenite transforms
to martensite.

Tempering—Reheating a quenched-hardened or normalized
ferrous alloy to a temperature below the transformation range
and then cooling at any rate desired.

3.35 range: A length classification for API Qil Country
Tubular Goods.

3.36 rotary shouldered connection: A connection
used on drill string efements which has coarse, tapered
threads and seating shoulders.

3.37 shear strength: The stress required to produce frac-
ture in the plane of cross section, the conditions of loading
being such that the directions of force and of resistance are
parallel and opposite although their paths are offset a speci-
fied minimum amount. The maximum load divided by the
original cross-sectional area of a section separated by shear.

338 slip area: The slip area is contained within a distance
of 48 inches along the pipe body from the juncture of the tool
joint OD and the elevator shoulder.

3.39 stress-relief feature: A modification performed on
rotary shouldered connections which removes the unengaged
threads of the pin or box. This process makes the joint more
flexible and reduces the likelihood of fatigue cracking in this
highly stressed area.

3.40 swivel: Device at the top of the drill stem which per-
mits simultaneous circulation and rotation.

341 tensile strength: The maximum tensile stress
which a material is capable of sustaining. Tensile strength is
calculated from the maximum load during a tension test car-
ried to rupture and the original cross-sectional area of the
specimen.

3.42 test pressure: A pressure ahove working pressure
used to demonstrate structural integrity of a pressure vessel.




STD.API/PETRQ RP 76-ENGL 1998 EE 0732290 0L09kL?3 156 I

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS 3

3.43 thread form: The form of thread is the thread profile
in an axial plane for a length of one pitch.

3.44 tolerance: The amount of variation permitted.

345 tool joint: A heavy coupling element for drill pipe
having coarse, tapered threads and sealing shoulders designed
to sustain the weight of the drill stem, withstand the strain of
repeated make-up and break-out, resist fatigue, resist addi-
tional make-up during drilling, and provide a leak-proof seal.
The male section (pin) is attached to one end of a length of
drill pipe and the female section (box) is attached to the other
end. Tool joints may be welded to the drill pipe, screwed onto
the pipe, or a combination of screwed on and welded.

3.46 upper kelly cock: A valve immediately above the
kelly that can be closed to confine pressures inside the drill
string.

3.47 upset: A pipe end with increased wall thickness. The
outside diameter may be increased, or the inside diameter
may be reduced, or both. Upsets are usually formed by hot
forging the pipe end.

3.48 working gauges: Gauges used for gauging product
threads.

3.49 working pressure: The pressure to which a partic-
ular piece of equipment is subjected during normal opera-
tions.

3.50 working temperature: The temperature to which a
particular piece of equipment is subjected during normal
operations.

4 Properties of Drill Pipe and Tool Joints

4.1 This section contains a series of tables (Tables 1
through 11) designed to present the dimensional, mechanical,
and performance properties of new and used drill pipe. Tables
are also included listing these properties for tool joints used
with new and used drill pipe.

4.2 All drili pipe and tool joint properties tables are
included in Section 4.
4.3 Values listed in drill pipe tables are based on accepted

standards of the industry and calculated from formulas in
Appendix A,

44 Recommended drift diameters for new drll string
assemblies are shown in column 8 of Tables 8 and 9. Drift
bars must be a minimum of four inches long. The drift bar
must pass through the upset area but need not penetrate more
than twelve inches beyond the base of the elevator shoulder,

4.5 The torsional strength of a tool joint is a function of sev-
eral variables. These include the strength of the steel, connec-
tion size, thread form, lead, taper and coefficient of friction on
mating surfaces, threads, or shoulders. The coefficient of fric-
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tion for the purposes of this recommended practice is
assumed a constant; it has been demonstrated, however, that
new tool joints and service temperature often affect the coeffi-
cient of friction of the tool joint system. While new tool joints
typically exhibit a low coefficient of friction, service tempera-
tures greater than 300°F can dramatically increase or decrease

- the coefficient of friction depending primarily on thread com-

pound. The torque required to yield a rotary shouldered con-
nection may be obtained from the equation in Section A.8,

4.6 The pin or box area, whichever controls, is the largest
factor and is subject to the widest variation. The tool joint out-
side diameter (OD) and inside diameter (ID) largely deter-
mine the strength of the joint in torsion. The OD affects the
box area and the ID affects the pin area. Choice of OD and ID
determines the areas of the pin and box and establishes the
theoretical torsional strength, assuming alt other factors are
constant.

4.7 The greatest reduction in theoretical torsional strength
of a tool joint during its service life occurs with OD wear. At
whatever point the tool joint box area becomes the smaller or
controlling area, any further reduction in OD causes a direct
reduction in torsional strength. If the box area controls when
the tool joint is new, initial OD wear reduces torsional
strength. If the pin controls when new, some OD wear may
occur before the torsional strength is affected. Conversely, it is
possibie to increase torsional strength by making joints with
oversize OD and reduced ID.

4.8 Minimum OD, box shoulder, and make-up torque val-
ues listed in Table 10 were determined using the following
criteria:

4.8.1 Calculations for recommended tool joint make-up
torque are based on the use of a thread compound containing
40 to 60 percent by weight of finely powdered metallic zinc
applied to all threads and shoulders, and containing not more
than 0.3 percent total active sulfur (reference the caution
regarding the use of hazardous materials in Specification 7,
Appendix G). Calculations are also based on a tensile stress of
60 percent of the minimum tensile yield for tool joints.

4.8.2 In calculation of torsional strengths of tool joints,
both new and worn, the bevels of the tool joint shoulders are
disregarded.

4.8.3 Premium Class Drill String is based on drill pipe hav-
ing a minimum wall thickness of 80 percent.

4.8.4 Class 2 drill string allows drill pipe with a minimum
wall thickness of 70 percent.

4.8.6 The tool joint to pipe torsional ratios that are used
here (20.80) are recommendations only and it should be real-
ized that other combinations of dimensions may be used. A
given assembly that is suitable for certain service may be
inadequate for some areas and overdesigned for others,
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Table 1—New Drill Pipe Dimensional Data

1) @ (3) ) 5) {6) 0]
Size Nominal Weight Section Area  Polar Sectional

oD Threads and Plain End Wall D Body of Pipe? Modulus®
in Couplings, Weight! Thickness in. sq. in. cu. in.
D Torft vt in. d A z
25/, 4.85 443 190 1.995 1.3042 1321
6.65 6.26 280 1.815 1.8429 1.733
T'fy 6.85 6.16 217 2441 1.8120 2241
10.40 9.72 362 2.151 2.8579 3.204
3, 9.50 8.81 254 2.992 2.5902 3923
13.30 12.31 368 2.764 3.6209 5.144
15.50 14.63 A49 2.602 4.3037 5.847
4 11.85 10.46 262 3.476 3.0767 5400
14.00 12.93 330 3.340 3.8048 6.458
15.70 14,69 380 3.240 43216 7.157
LUA 13.75 1224 2n 3.958 3.6004 7.184
16.60 1498 .337 3.826 4.4074 8.543
20.00 18.69 430 3.640 5.4981 10.232
2282 21.36 500 3.500 6.2832 11.345
5 1625 14.87 296 4.408 43743 9.718
19.50 17.93 362 4.276 52746 11.415
2560 2403 500 4.000 7.0686 14.491
5Y, 19.20 16.87 304 4.892 4.9624 12221
21.90 19.81 361 4778 5.8282 14.062
24.70 2254 Als 4.670 6.6296 15.688
&y 25.20 22,19 330 5965 6.5262 19.572
27.70 24.22 362 5.901 7.1227 21.156

bt = 3.3996 x A (col. 6)
24 = 0.7854 (FP — o)

D"-d‘)
Z=
Z 0.19635( 5

49 Many sizes and styles of connections are interchange- 4.11.2 Extend a horizontal line from the OD under consid-

able with certain other sizes and styles of connections. These
conditions differ only in name and in some cases thread form.
If the thread forms are interchangeable, the connections are
interchangeable.

These interchangeable connections are listed in Table 12.

4.10 The curves of Figures 1 through 25 depict the theoreti-
cal torsional yield strength of a number of commonly used
tool joint connections over a wide range of inside and outside
diameters. The coefficient of friction on mating surfaces,
threads and shoulders, is assumed to be 0.08 (See Section 3 of
API RP 7A1, Recommended Practice for Testing of Thread
Compound for Rotary Shouldered Connections). The make-
up torque should be based on a tensile stress level of 60 per-
cent of the minimum Yyield for tool joints.

4.11 The curves may be used by taking the following steps:

4.11.1  Select the appropriately titled curve for the size and
type ool joint connection being stuckied.
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eration to the curve and read the torsional strength represent-
ing the box.

4.11.3 Extend a vertical line from the ID to the curve and

4,114 The smaller of the two torsional strengths thus
obtained is the theoretical torsional strength of the tool joint.

4.11.5 It is emphasized that the values obtained from the
curves are theoretical values of torsional strength. Tool
joints in the field, subject to many factors not included in
determination of points for the curves, may vary from these
values.

4.11.6 The curves are most useful to show the relative tor-
sional strengths of joints for variations in OD and ID, both
new and after wear. In each case, the smaller value should be
used.

(Text continoed on page 33.)
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Table 2—New Drill Pipe Torsional and Tensile Data

(1) 2) (3) ) 5) (6) @] ® (%) (10)
Nominal Weight
Size Threads and 'Torsional Data ?Tensile Data Based on Minimum Values
oD Couplings Torsional Yield Strength, ft-Ib Load at the Minimum Yield Strength, 1b
in. Tbvit E75 X95 G105 5135 E75 X95 G105 §135
2, 4.85 4763, 6033, 6668. 8574, 97817. 123902, 136944, 176071.
6.65 6250, 7917. 8751. 11251, 138214 175072, 193500. 248786,
2, 685 8083, 10238, 11316. 14549, 135902. 172143, 190263. 244624,
10.40 11554, 14635, 16176. 20798, 214344, 271503, 300082. 385820.
3y, 9.50 14146. 17918. 19805, 25463. 194264, 246068, 271970, 349676.
13.30 18551. 23498, 25972, 33392, 271569. 343988, 380197, 488825,
15.50 21086. 26708. 29520, 37954, 322775, 408848, 451885, 580995,
4 11.85 19474, 24668, 27264. 35054, 230755, 292290. 323057. 415360,
14.00 23288. 29498, 32603. 41918, 285359, 361454 399502, 513646,
15.70 23810, 32692, 36134, 46458, 324113, 410550, 453765, 583413,
a, 13.75 25507. 32816, 36270. 46633, 270034, 342043, 378047, 486061,
16.60 30807 39022. 43130, 55453, 330558. 418707. 462781, 595004,
20.00 36901. 46741. 51661. 66421, 412358, 522320 5T7301. 742244,
22.82 40912, S1821. 57276. 73641. 471239, 596903, 659734, 848230,
5 16.25 35044, 44389, 45062, 63079, 328073. 415559, 459300, 590531.
19.50 41167. 52144, 57633. 74100, 395505, 501087. 553833, 712070.
25.60 52257. 66192, 73159. 94062, 530144, 671515, 742201, 954259,
5Y, 19.20 443074, 55826, 61703, 79332, 372181. 471429, 521053. 669925,
21.90 50710. 64233. 70994, 91278 437116, 553681. 611963, 786809,
24,70 56574. 71660, 79204, 101833. 497222, 625814, 696111. 894999,
6, 2520 70580 89402, 93812, 127044, 489464, 619988, 685250. 881035.
21.70 76295, 96640. 106813, 137330, 534199, 676651. 747877, 961556,

"Based on the shear strength equal to 57.7 percent of minimum yield strength and nominal wall thickness.
Minimum torsional yield strength calculated from Equation A_15.

*Minimum tensile strength calculated from Equation A, 13,
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Table 3—New Dirill Pipe Collapse and Internal Pressure Data

1) @ 3 4 ) ©) G (8 ) (10)
Nominal Weight

Size Threads and Collapse Pressure Based on Intcrnal Pressure at

oD Couplings Minimum Values, psi Minimum Yield Strength, psi

in. I/t E75 X95 G105 $135 E7S X95 G105 S$135

2, 485 11040. 13984. 15456. 19035. 10500. 13300. 14700. 18900.
6.65 15599. 19759. 21839, 28079, 15474. 19600. 21663. 27853.

7/, 6.85 10467. 12940. 14020. 17034. 9907. 12548, 13869. 17832,
1040 16509. 20911, 23112. 29716. 16526. 20933. 23137. 29747.

3, 9.50 10001, 12077. 13055. 15748, 9525, 12065. 13335. 17145,
13.30 14113, 17877. 19758, 25404, 13800. 17480. 19320, 24840.
15.50 16774 21247, 23484, 30194. 16838. 21328, 23573, 30308

4 11.85 8381, 9978. 10708. 12618, 83597. 10889. 12036. 15474,
14.00 11354. 14382, 15896. 20141. 10828. 13716, 15159. 19491.
15.70 12896. 16335. 18055. 23213, 12469. 15794, 17456. 22444,

ay, 1375 773 8412. 8956. 10283, 7904. 10012. 11066. 14228,
16.60 10392. 12765. 13825, 16773. 9829. 12450. 13761. 17693.
20.00 12964. 16421. 18149. 23335, 12542. 15886. 17558. 22575.
22.82 14815. 18765. 20741. 26667. 14583. 18472. 20417. 26250.

s 1625 6938, 8108. 8616. 9831, 7770. 9842. 10878. 13986.
19.50 9962. 12026. 12999, 15672. 9503. 12037. 13304. 17105.
25.60 13500. 17100. 18900, 24300, 13125. 16625. 18375, 23625.

sy, 1920 6039. 6942, 7313, 8093. 7255. 9189. 10156. 13058,
21.90 8413, 10019, 10753. 12679. 8615. 10912. 12061 15507,
24.70 10464, 12933, 14013. 17023. 9903. 12544, 13865. 17826.

&, 25.20 4788, 5321, 5500. 6036. 6538. 8281. 9153. 11768,
27.70 5894, 6755. 7103. 7813. N7 9084, 10040. 12909.

Note:; Calculations are based on formulas in AFT Bulletin 5C3.
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Table 4—Used Drilt Pipe Torsional and Tensile Data AP! Premium Class

49] & (3 “@ (5) %) L ®) &) (10)
New Weight
Nominal W/

Size Threads and Torsional Yield Strength Tensile Data Based on Uniform Wear

oD Couplings Based on Uniform Wear, fi-lb Load at Minimum Yield Strength, 1b

in. vt E?5 X95 G105 $135 E75 X95 G105 5135

2, 485 3725, 4719. 5215. 6705. 76893, 97398, 107650. 138407.

6.65 4811 6093, 6735. 8659. 107616, 136313, 150662, 193709.

m, 6.85 6332. 3020. 8865. 11397, 106946, 135465, 149725, 192503,
10.40 8858, 1220, 12401, 15945, 166535. 210045, 233149. 299764,

3y, 9.50 11094, 14052, 15531, 19968, 152979, 193774, 214171 275363.
13.30 14361. 18191, 20106. 25850, 212150. 268723, 297010. 381870.
15.50 16146, 20452, 22605, 29063 250620, 317452, 350868, 451118.

4 11.85 15310. 19392, 21433, 27557. 182016. 230554, 254823, 327630.
14.00 18196, | 23048, 25474, 32752, 224182, 283963 313854, 403527
15.70 20067. 25418, 28094, 36120 253851, 321544, 355391, 456931,

ay, 13.75 20403. 25844, 28564, 36725, 213258, 270127. 298561. 383864,
16.60 24139, 30576. 31795, 43450 260165, 329542, 364231, 468297.
20.00 28683, 36332. 40157. 51630. 322916. 400026, 452082, 581248,
2282 31587. 40010. 44222, 56856. 367566, 465584, 514593. 661620,

5 16.25 276017 34969. 38650, 49693, 259155. 328263, 362817. 466479,
19.50 32285, 40895, 45199, 58113, 311535, 394612, 436150, 560764,
25.60 40544, 51356. 56762, 72979, 414690. 525274, 580566. 746443,

s, 19.20 34764. 44035, 48670. 62575. 294260, 372730 411968, 529669,
21.90 39863, 50494, 55809, 71754. 344780, 436721 482692, 620604
24.70 44320, 56139 62048, 79776. 391285, 495627. 547799 704313.

&, 2520 55766. 71522, 79050. 101635. 387466, 490790, 542452. 697438,
27.70 60192, 77312, 85430, 109864, 422419, 535064 591387. 760354,

‘Based on the shear strength equal to 57.7 percent of minimum yield strength.
*Torsional data based on 20 percent uniform wear on outside diameter and tensile data based on 20 percent uniform wear on outside diameter.
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Table 5—Used Drill Pipe Collapse and Internal Pressure Data AP1 Premium Class

(1) 2) 3) 4 (5) (6) Lg)) ®) (% (1%
Nominal Weight

Size Threads and 'Collapse Pressure Minimum Internal Yield Pressure

oD Couplings Based on Minitnum Values, psi at Minimum Yield Strength, psi

in. I/t E75 X95 G105 §135 E75 X095 G105 5135

2, 485 8522, 10161. 10912 12891. 9600. 12160, 13440 17280.
6.65 13378. 16945, 18729. 24080. 14147. 17920 19806, 25465.

7, 6.85 7640. 9017. 9633, 11186. 9057. 11473 12680, 16303,
10.40 14223, 18016. 19912, 25602, 15110. 19139, 21153, 27197.

3y, 9.50 4. 8284, 8813. 10093, 8709. 11031 12192, 15675.
13.30 12015, 15218, 16820. 21636, 12617. 15982, 17664. 22711.
15.50 14472, 18331 20260, 26049, 15394. 19499, 21552, 27710.

4 11.85 5704. 6508, 6827. 7445, 7860. 9956, 11004. 14148,
14.00 9012 10795. 11622 13836. 9900. 12540, 13860. 17820,
15.70 10914, 13825. 15190. 18593, 11400, 14440, 15960, 20520.

m 1375 4686. 5190 5352. 5908, 7227 9154. 10117. 13008,
16.60 7525. 8868, 9467. 10964, 8987. 11383 12581. 16176.
20.00 10975. 13901. 15350. 18806. 11467. 14524, 16053, 20640,
2282 12655. 16030. 17718. 22780. 13333. 16889, 18667. 24000.

5 1625 4450. 4935, 5067. 5661. 7104, 8998. 9946, 12787.
19.50 7041, 8241. 8765. 10029, 8688, 11005. 12163. 15638.
25.60 11458. 14514, 16042, 20510. 12000, 15200 16800, 21600,

s, 1920 3736. 4130. 4336, 4714, 6633. 8401 9286. 11939,
21.90 5730, 6542, 6865. 7496. 7876. 9977. 11027. 14177.
24.70 7635, 9011. 9626. 7. 9055. 11469, 12676. 16298.

& 2520 2931, 3252, 3353, 3429, 5977, 7571 8368. 10759.
21.70 3615. 4029, 4222, 4562, 6557. 8306. 9150, 11803.

Note: Calcnlations for Premium Class drill pipe are based on formulas in API Bulletin 5C3.
Data are based on minimum wall of 80 percent nominal wall. Collapse pressures are based on uniform OD wear, Intemal pressares are
based on yniform wear and nominal OD.
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Table 6—Used Dri#t Pipe Torsional and Tensile Data API Class 2

(1) 2) 3 4) %) (6) {7) & (9 (10)
New Weight
Nominal W/

Size Threads and 12orsional Yield Strength *Tensile Data Based on Uniform Wear

oD Couplings Based on Uniform Wea, fi-1b Load at Minimum Yield Strength, 1b

in. Wi E75 X95 G105 S135 E7s X95 G105 S135

2, 485 3224, 4083, 4513, 5802, 66686. 34469, 93360. 120035.

6.65 4130. 5232, 5782, 7434, 92871, 117636 130019, 167167.

7, 685 5484, 6946, 7677. 9871, 92801, 117549, 129922, 167043,
10.40 7591, 9615. 10627. 13663, 143557. 181839, 200980. 258403,

W, 9.50 2612, 12176, 13457. 17302, 132793, 168204, 185910, 239027.
13.30 12365. 15663, 17312, 22258 183398, 232304, 256757. 330116.
15.50 13828, 17515. 19359, 24890 215967. 273558. 302354, 388741,

4 11.85 13281, 16823, 18594, 23907. 158132, 200301. 221385, 284638,
14.00 15738, 19935, 22034, 28329, 194363. 246193, 272108, 349852,
15.70 17315. 21932, 24241, 31166. 219738, 278335, 307633. 305528,

a, 1375 17715. 22439. 24801. 31887. 185389, 234827. 259545, 333701.
16.60 20908, 26483, 29271. 37634, 225771, 285977. 316080. 406388,
20.00 24747. 31346. 34645, 44544, 279502, 354035, 391302, 503103.
282 27161. 34404, 38026, 48390, 317497, 402163, 444496, 571495.

5 16.25 23974, 30368. 33564, 43154, 225316, 285400. 315442, 405568,
19.50 27976. 35436, 39166. S0356 270432, 342548, 378605. 486778,
25.60 34947, 44267, 48926. 62905, 358731, 454392, 502223, 645715,

5y, 1920 30208, 38263. 42291, 54374, 255954, 324208, 358335, 450717.
21.90 34582. 43304 43414, 62247. 299533, 379409, 419346, ~ 539160.
24.70 38383, 48619. 53737, 69090, 339533, 430076. 475347. 611160.

6%, 25.20 48497, 61430, 67896, 87295. 337236, 427166. 472131. 607026
27.70 52308. 66257. 73231 94155. 367455. 465443, 514437, 661419,

!Based on the shear strength equal to 57.7 percent of minimum yield strength.
*Torsional data based on 30 percent uniform wear on outside diameter and tensile data based on 30 percent uniform wear on cutside diameter.
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Table 7—Used Drill Pipe Collapse and Internal Pressure Data API Class 2
D 2 3 G2 5 (6) L) &) @) (10)
Nominal Weight

Size Threads and 'Collapse Pressure Minjmnm Internal Yield Pressure

oD Couplings Based on Minimum Values, psi at Minimum Yield Strength, psi

in. vt E75 X95 G105 §135 E75 X95 G105 S135

2, 485 6852, 7996. 8491, 9664, 8400. 10640, 11760. 15120.
6.65 12138, 15375. 16993. 21849, 12379, 15680. 17331, 22082

27, 685 6055. 6963. 73385. 8123. 7925. 10039. 11095. 14265,
10.40 12938. 16388. 18113. 23288, 13221. 16746. 18509. 23798,

3, 9.50 5544, 6301 6596. 7137. 7620. 9652. 10668, 13716.
1330 10858. 13753 15042, 18396, 11040, 13924. 15456. 19872.
15.50 13174 16686. 18443, 23712, 13470. 17062. 18858. 24246,

4 1085 4311, 4702, 4876. 5436. 6378, 8712, 9629, 12380,
14.00 7295, 8570. 9134, 10520. 8663, 10973. 12128. 15593.
15.70 9531, 11468. 12374, 14840. 9975, 12635. 13965. 17955.

41, 1375 3397, 3845, 4016. 4287, 6323, 8010. 8853. 11382,
16.60 5951. 6828, 7185. 7923, 7863. 9960, 11009, 14154.
20.00 9631, 11598. 12520. 15033. 10033, 12709. 14047. 18060.
22.82 11458. 14514 16042, 20510. 11667. 14779. 16333 21000.

5 1625 3275, 3696. 3850. 4065, 6216, 7874, 8702. 11189.
19.50 5514, 6262, 6552, w7, 7602. 9629, 10643. 13684
25.60 10338, 12640. 13685. 16587. 10500. 13300. 14700, 18900,

s, 1920 2835, 3128, 3215. 3265, 5304, 7351, 8125, 10447
21.90 4334, 4733, 4899 5465. 6892. 8730, 9649, 12405,
24.70 6050, 6957. 7329. 8118, 7923. 10035, 11092, 14261.

4, 25.20 2227, 2343, 2346, 2346, 5230, 6625, 7322, 9414,
27.70 2765. 3037. 3113, 3148, 5737 7267. 8032, 10327.

Note: Calculations for Class 2 drill pipe arc based on formulas in APT Bulletin 5C3.
Data are based on minimum wall of 70 percent nominal wall. Collapse pressures are based on uniform: OD wear, Internal pressures are

based on uniform wear and nominal OD.
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RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS Lh

Table 8—Mechanical Properties of New Tool Joints and
New Grade E75 Drill Pipe

1) 2 @ “ ) () ) (8 o (10) (i1 (12)
Mechanical Properties
Drill Pipe Data Tool Joint Data Tensile Yield, Ib Torsional Yield, fi-1b
Nominal Nominal Approx Drift
Size Weight  Weight! Type oD Fin] Diameter® Tool ‘Tool
in. Ib/ft Ibvit Upset Conn. in. in. in, Pipe? Joint* Pipe? Joint®
2%, 4.85 5.26 EU NC2KIF) LA 13, 1.625 97817. 313631. 4763. 6875.b
4.95 EU OH 3 2 1.807 97817, 206416. 4763. 4521.p
5.05 EU SLH%O 34, 2 1.850 97817. 202670, 4763. 5129.p
5.15 EU WO P 2 1.807 97817, 205369, 4763. 4311.p
6.65 6.99 EU NC26(IF) 3 13, 1.625 138214. 313681. 6250, 6875.b
6.89 EU OH 3Y, 13, 1.625 138214. 294620. 6250. 6484.b
6.71 U PAC 2y 1, 1.250 138214. 238504. 6250. 4688.P
6.78 EU SLHSO 34, 2 1.670 138214, 202850. 6250, 5129p
2, 6.85 7.50 EU NC3 () 4, 2', 2.000 135902. 447130, 8083. 12053.p
6.93 EU OH ¥, b/ 2.253 135902, 223937, 8083, 5385.p
705 EU SLH90 Iy Pt 2,296 135902, 260783. 8083. 7628.p
7.3 EU WO 4, P 2253 135902, 289264, 8083. 97p
10.40 10.87 EU NC31(0F) UM 2, 1.963 214344, 447130. 11554, 12053.p
10.59 EU OH ¥y Dy 1.963 214344, 345566. 11554. 8814.P
1027 w PAC 3 14, 1375 214344, 272938. 11554. 5730.P
10.59 EU SLH9) 3 2%y, 2.006 214344, 382765. 11554, 11288.p
11.19 (& XH 4y, 1%, L750 214344, 505054, 11554. 13282.p
10.35 (4] NC26(SH) 3/, 1, 1.625 214344, 313681. 11554, 6875.B
3, 9.50 10.58 EU NC38(IF) 4, pL 2.563 194264, 587308. 14146. 18107.p
9.84 EU OH 4Y, 3 2.804 194264, 392071. 14146, 11870.p
9.99 EU SLH90 */, 3 2.847 194264, 366705. 14146, 12650.p
10.14 EU wOo LA 3 2.804 194264, 419797, 14146. 12878.p
3, 13.30 14.37 EU HS0 54, 2, 2.619 271569, 664050, 18551, 23847.p
13.93 EU NC38(1F) &/, 2 2.457 271569. 587308, 18551. 18107.p
13.75 EU CH 2, e 2414 271569. 559582. 18551. 17305.p
13.40 w NC31(SH) 41y 2, 2.000 271569. 447130, 18551, 11869.P
1391 EU XH LA e 2.313 271569. 570939. 18551. 17493.p
15.50 16.54 EU INC38(IF) 5 2 2414 322775. 649158, 21086. 20326.p
4 11.85 13.00 i18) H90 54, 28, 26838 230755. 913708. 19474, 35374p
13.52 EU NCA6(IF) 6 3y, 3.125 230755. 501164, 19474. 33625.p
12.10 EU OH 5Y, 35/, 3.287 230755. 621357, 19474, 21916p
1291 EU WO 5, ¥ 3.313 230755. 782987, 19474. 28309.p
14.00 15.04 LY} NC40(FH) 5Y, 2%, 2.688 285359, 711611. 23288. 23487 p
15.43 (8} H90 54, 2%, 2.688 285359, 913708. 23288. 35374.p
15.85 EU NCA(IF) 6 3, 3.125 285359. 901164, 23288, 33625.p
{Table continued on next page.)
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Table 8—Mechanical Properties of New Tool Joints and
New Grade E75 Drill Pipe (Continued)

&) 2 3) “@ (5 (6) ) 3 &) (10) (11} (12)
Mechanical Properties
Drill Pipe Data Tool Joint Data Tensile Yield, Ib Torsional Yield, fi-1b
Nominal Nominal Approx. Drift
Size Weight  Weight' Type oD 10 Diameter* Tool Tool
in. b/t 1ot Upset Conn, in. in in. Pipe? Joint Pipe® TJoint®
4 14.00 15.02 EU OH 54, 3y, 3125 285359. T59875. 23288, 27289p
14.35 jLs SH 2, P4 2438 285359. 512035, 232RB. 15170.P
15.70 16.30 w NC4(FH) 54, 29, 2.563 324118. 776406, 25810. 25673.p
17.09 1w H9O 5Y, 29, 2.688 324118. 913708, 25810. 35374.p
17.54 EU NC46(IF) 6 34, 3.095 324118. 901164, 25810 33625.p
4Y, 13.75 1523 bLE] H90 6 3, 3.125 270034, 938403, 25907. 38925.p
15.36 EU NCSKIF) 6y . 3.625 270034. 939096. 25907. 37676.p
14.04 EU OH LYA Y, 3.770 270034, 554844, 25907, 20939.p
14.77 EU wO 6y Ity 3.750 270034, 849266. 259G7. 33651.p
16.60 18.14 IEU FH 6 3 2.875 330558. 976156. 30807. 34780.p
17.92 IEU H90 6 3, 3.125 330558. 938403. 30807. 38925p
17.95 EU NC50(IF) &1 ¥, 3.625 330558, 939096. 30807. 37676.p
17.07 EU OH 5y ¥, 3.625 330558. 713979. 30807, 27243.p
16.79 IEU NC38(SH) 5 2 2.563 330558. 387308. 30807. 18346.P
18.37 IEU NCA46(XH) oY, 34, 3125 330558. 901164. 30807. 33993 p
20.00 21.64 j1510) FH 6 3 2875 412358, 976156. 36901. 34780.p
21.64 IEU H9%0 6 3 2.875 412358, 1085665. 36901. 45152p
21.59 EU NC5IF) 6y ¥l 3452 412358, 1025080. 36901. 41235.p
22.09 IEU NC46(XH) 64, 3 2875 412358, 1048426, 36901. 39659.p
2282 24.11 EU NCSIF) 6% ¥l 3452 471239, 1025980, 40912, 41235.p
24.56 EU NCA6(XI) 6Y, 3 2,875 471239. 1048426, 40912. 39659.p
5 19.50 2228 IEU 5, FH 7 kA 3.625 395595, 1448407. 41167, 603380
20.85 IEU NC50(XH) & 3, 3.625 395595, 939095, 41167. 37676.p
25.60 28.27 IEU 3, FH 7 34y, 3.375 530144, 1619231, 32257, 60338.b
26.85 IEU NCSO(XH) 6, 3Y, 3375 530144, 1109920, 52257, 44673.p
5, 21.90 23.78 IEU FH 4 3.875 437116. 1265802, 50710. 56043.p
24.70 26.30 IEU FH 4 3.875 497222, 1265802, 36574. 56045.p
&y 2520 27.28 IEU FH 8 5 4.875 439464, 1447697. 70580. 73620.p
6 27.70 29.06 IEU FH 8 5 4875 534198, 1447697, 76295. 73620.p

"Tool Joint plus drill pipe, for Range 2 stsel pipe (See Appendix A for method of calculation).
28ee Section 4.4.
*The tensile yield swength of Grade E drill pipe is based on 75,000 psi minimoem yield strength,
*The tensile strength of the tool joint pin is based on 120,000 psi minimuom yield and the cross sectional arez at the root of the thread 3%/, inch from the shoulder.
3The torsional yield strength is based on & shear strength of 57.7 percent of the minimum yield strength.
1 $ p = pin limited yield; b = box limited yicld; P or B indicates that tool joint could not meet 80 percent of tube torsion yield.
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Table 89—Mechanical Properties of New Tool Joints and New High Strength Drill Pipe

9] 2) (3) ) (3) (6) 1)) 8 )] (10) (1) (12)
Mechanical Properties
Drill Pipe Data Tool Joint Data Tensile Yield, ib Torsional Yield, fi-Ib
Nominal Nominal Approx. Drift
Size  Weight  Weight! oD m Diametes® Tool Tool
in. b/t JLLY i Type Upset Conn_ in. in. in Pipe® Joint* Pipe? Joint?
2 6.65 7.11 EU-X95 NC26(F) 3, 1%, 1.625 175072. 313681, T7917. 6875.b
6.99 BU-X95 SLH90 EUA 13/, 1.670 175072, 270223, 7917. 6884.p
6.65 711 EU-G105 NC26(IF» 33, 1A 1.625 193500. 313681, 8751, 6875.b
6.99 EU-G105 SLH90 3, 1834, 1.670 193500. 270223, 8751. 6884.P
4N 10.40 11.09 EU-X@S NC310F 4, 2 1.875 271503, 495726, 14635. 13389.p
10.95 EU-X95 SLH90 4 2 1.875 271503, 443971. 14635, 13218.p
10.40 11.09 EU-G105 NC31(IF) 4, 2 1.875 300082, 495726. 16176 13389.p
10.95 EU-G105 SLH9%} 4 2 1.875 300082, 443971. 16176. 13218.p
10.40 11.55 EU-S8135 NC31(IF) Py 134, 1.500 385820, 623844, 20798. 17170.p
11.26 EU-8135 SLH90 41, 154 1.500 385820. 572089. 20798, 172]3.p
3y, 13.30 14.60 EU-X95 H% 54, 2, 2619 343988, 664050, 23498, 23833p
14.62 EU-X95 NC38(IF) 5 s 2.438 343988. 649158, 23498, 20326.p
14.06 EU-X95 SLH90 4, b 2438 343988, 596066. 23498, 20879.p
13.30 14.71 EU-G105 NC33(IF) 5 26 2313 380197. 708063. 25972 22213.p
14.06 EU-G105 SLH90 LA 2% 2438 380197, 596066. 25972 20879.p
13.30 14.92 EU-8135 NC3:(IF) 5 24 2,000 488825, 842440, 33392, 26515.p
14.65 EU-5135 SLH90 5 2 2.000 488825, 789348, 33392, 28078.p
1513 EU-5135 NC44FH) 5, 2 2313 488825. 897161, 33392. 29930.p
15.50 16,82 EU-X95 NC38&(IF) 5 2 2313 408848, T08063. 26708. 22213.p
15.50 17.03 EU-G105 NCIS(IF) 5 2Y, 2.000 451885. 842440, 29520. 26515.p
16.97 EU-G105 NC44FH) Y, 2/ 2438 451885, 838257, 29520, 27760.p
15.50 17.57 EU-8135 NC44FH) 54, 24, 2.125 580995. 979996, 37954, 32043 p
4 14.00 15.34 IU-X95 NC4XFH) 54, 2%, 2.563 361454, T76406. 29498, 25673.p
15.63 TU-X95 H90 54, 2% 2,688 361454. 913708, 29498, 35374.p
16.19 EU-X95 NC4&(IF) 6 34, 3125 361454, 901164, 29498, 33625.p
14.00 15.91 TU-G105 NCA4AKFH) 54, Ay 2.313 399502, 897161. 32603. 30114.p
15.63 TU-G105 H90 5Y; 287 2.688 399502, 913708. 32603, 35374.p
16.19 EU-G105 NC46(IF) G 3y, 3125 395502, 901164, 32603, 33625.p
14.00 16.19 IU-5135 NC4MFH) Yy, 2 1.875 513646. 1080135, 41918. 36363.p
15.63 IU-5138 HSO 5, 28, 2.658 513646, 913708. 41918, 35374p
16.42 EU-8135 NCA{IF) 6 3 2.875 513646, 1048426. 41918, 39229.p
15.70 17.52 TU-X95 NCAKFH) 5Y, 26 2.313 410550. 897161, 32692, 30114.p
17.23 TU-X95 H90 5, 2%, 2.688 410550, 913708. 32692. 35374.p
17.80 EU-X95 NCA6(IF) 6 3Y, 3125 410550, 901164 32692. 33625.p
15.70 17.52 U-G105 NCAO(FH) 54, X1 2.313 453765, 897161. 36134, 30114.p
17.23 J-G103 H90 54, 2% 2.688 453765. 913708. 36134, 35374.p
17.80 EU-G105 NC46(IF) 6 34, 3.125 453765. 901164, 36134, 33625.p
15.70 18.02 EU-8135 NC4&(IF) 6 3 2.875 583413, 1048426, 46458, 39229.p
4y, 16.60 18.33 IEU-X95 FH 6 3 2.875 418707. 976156. 39022, 34780.p
18.11 IEU-X95 H90 6 Y, 3.125 418707. 938403, 39022, 38925.p
18.36 EU-X95 NCSIF) LA 3, 3.625 418707. 939095, 39022, 37676.p
18.79 IEU-X95 NC46(XH) LA 3 2875 418707, 1048426. 39022, 3965%.p
4, 16.60 18.33 IEU-G105 FH 6 3 2,625 462781. 976156. 43130, 34780.p
18.33 IEU-G105 H% 6 3 3.125 462781. 1085665. 43130, 45152.p
18.36 EU-G105 NCSKIF) &1y ¥, 3.625 462781, 939095, 43130. 37676.p
18.79 IEU-G105 NCA46(XH) &Y, 3 2.875 462781. 1048426, 43130, 39659.p
16.60 19.19 IEU-8135 FH &Y, 2y, 2375 595004, 1235337, 55453, 44769.p
(Table continued on next page.)
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Table 9—Mechanical Properties of New Tool Joints and New High Strength Drill Pipe (Continued)
(1) @) 3) 4) (5) (G (7) (8) (9) (10) (11) (12
Mechanical Properties
Drill Pipe Data Tool Joint Data Tensile Yield, Ib Torsional Yield, ft-Ib
Nominal Nominal Approx. Drift
Size  Weight Weight! 0D D Diameter® Tool Tool
in. it it Type Upset Conn. in. in. in. Pipe’ Joint* Pipe® Joint?
4, 16.60 18.33 IBU-8135 H20 [3 3 2875 595004, 1085665. 55453. 45152.p
18.62 EU-58135 NCSIKIF) 6% 3, 3375 S95004. 1109920. 55453, 44573.p
19.00 IEU-§135 NC46(XTH) 6V, 2%, 2.625 595004, 1133908. 55453, 44871.p
20.00 22.39 EU-X95 FH 6 2Y, 2375 522320. 1235337. 45741. 44265.p
21,78 IEU-X95 H90 6 3y, 3.125 522320, 938403, 46741. 38925 p
2208 EU-X95 NC5(IF) &4, 3, 3.375 522320,  1109920. 46741, 44673.p
22.67 IBEU-X95 NC46XH) 64, 21, 2,625 522320. 1183908 46741. 44871.p
20.00 22.39 IEU-G105 FH 6 24, 2.375 577301. 1235337. 51661. 44265 p
2200 IEU-G105 H% 6 3 2875 577301, 1085665, 51661. 45152.p
2208 EU-G105 NC350{IF) &1, 3y, 3.375 577301. 1109920, 51661. 4673.p
22.86 IEU-G105 NCAG6XH) o, 2Y, 2,375 577301. 1307608, 51661. 49630.p
20.00 23.03 EU-S135 NC50(IF) LA 3 2875 742244, 1416225. 66421, 57800.p
23.03 IEU-8135 NC46(XH) 64, 24, 2125 742244, 1419527, 66421. 53936.p
22.82 25.13 1IEU-X95 FH 6Y, 2y, 2,125 596903. 1347256, 51821. 48912.p
2424 EU-X95 NCS0IF) [ 3y, 3375 596903, 1109920. 51821. 44673.p
24.77 IEU-X95 NCA6(XH) 64, 2, 2.625 596903, 1183908, 51821. 44871.p
22.82 2472 BU-G105 NCSIF) (2 3Y, 3.125 659735, 1268963. 57276, 51447.p
24.96 IEU-G105 NC46(XH) 64, 21, 2375 659735. 1307608. 57276. 49630.p
22.82 2541 EU-S135 NC50(IF) &y 24, 2.625 848230, 1551706. 73641, 63406.p
5 19.50 2262 IEU-X95 5, FH 7 ¥, 3.625 501087. 1448407 52144, 603380
2193 IEU-X95 H9% 64, 3Yy, 3,125 501087. 1176265. 52144. 51807 p
2145 IEU-X95 NCSOXH) /A 3, 3.375 501087. 1109920. 52144. 44673.p
19.50 2262  IEU-GL05 sy, FH 7 3, 3.625 553833, 1448407, 57633, 60338
2215 IEU-G105 HS) 6, 3 2.875 553833, 1323527, 57633, 58398.p
2193 IEU-G105 NCS0(XH) &l 3y, 3.125 553833, 1268963. 57633. 51447.p
19.50 2348  IEU-5135 5Y,FH A 34, 3.375 712070. 1619231, 74100, T2627.p
22.61 IEU-$135 NC5{XI) 6y 2, 2.625 T12070. 1551706. 74100, 63406.p
25.60 28.59 IEU-X95 5Y, FH 7 3y, 3375 671515, 1619231, 66192, 60338.b
27.87 IEU-X95 NCS0(XH) &, 3 2.875 671515, 1416225, 66192, 56084.b
25.60 29.16 IEU-G105 5/, FH T, 3y, 3.375 T42201. 1619231, 73159, 12627
2832 IEU-G105 NCS0(XH) 6 4, 2.625 T42201. 1551706. 73159, 63406.b
25.60 2943 IEU-S135 5. FH 7, 3y, 3.125 954259, 1778274, 94062, 16156.b
sy, 21.90 24.53 IEU-X95 FH 7 ¥, 3.625 553681. 1448407, 64233, 60338b
24 .80 IEU-X95 H90 7 3/, 3.125 553681 1268877, 64233, 59091.p
21.90 25.38 [EU-G105 FH A 3, 3375 611963, 1619231, 70994, 72627.p
21.90 26.50 IEU-5135 FH T 3 2.875 786809, 1925536. 91278. 87341.p
24.70 21.85 IEU-X95 FH ™. 3y, 3375 629814 1619231. 71660. 72627.p
5y, 24.70 2785  IEU-GI05 FH 7, 3, 3375 696111. 1519231, 79204, 72627.p
2470 27.77 IEU-S135 FH T, 3 2.875 894999, 1925536. 101833. 87341.p
6%y 2520 27.15 IEU-X93 FH 8 5 4875 619988, 1448416. 89402, 73661.p
2520 28.20 IEU-G105 FH 8y, 4/, 4.625 685250. 1678145. 98812, 86237.p
2520 29.63 IEU-8135 FH 8y, 44, 4,125 881035, 2102260, 127044, 109226.p
27.70 30.11 IEU-X95 FH 8y, LEA 4.625 676651. 1678145, 96640. 86237.p
27.70 30.11 IEU-G105 FH 8Y, P, 4.625 747250, 1678145, 106813. 86237.p
27.70 3154 IEU-8135 FH 8y, 4y, 4.125 951556, 2102280. 137330, 109226 P

"lholldlatplusdﬁ]][n'pl:, for Range 2 steel pipe (See Appendix A for method of calculation).

See Section 4.4,

3The torsional yield strength is based on a shear strength of 57.7 percent of the mininmm yield strength,
*The tensile strength of the tool joint pin is based on 120,000 psi yield and the cross sectional area at the root of the thread %/, inch from the shoulder.

% p = pin limited yield: b = box limited yield; P or B indicates that tool joint conld not meet 80 percent of tube torsion yield.
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Table 10—Recommended Minimum OD* and Make-up Torque of Weld-on Type Tool Joints
Based on Torsional Strength of Box and Drill Pipe

1) ) Q) @ &) ® el @ ® (10} (11) (12) 3
Premium Class Class 2
I N Min.  Min. Box Make-up Min.  Min. Box Make-up
Drill Pipe New Tool Joint Data OD  Shoulder Torquefor  OD  Shoulder Torquefor
Nominal Nom New New Make-up Tool  with Eccen- Min. OD Tool  with Ecoen- Min. OD
Size  Weight Type Upset oD i ‘Torque® Joint tric Wear Tool Joint Joint tric Wear Tool Joint
in b/t and Grade Conn. in. in. ft-1h in. in, ft-Ib in. in, ft-1b
2/, 485 EU-E75 NC26 3 1%, 4,125B 3 e 1,945 Py Ysy 1,689
435 EU-E75 Ww.0. 3, 2 2,586 P 3, Yy, 1,994 34, Yt 1,746
485 EU-E75 2%, OHLW 34, 2 2713 P 3 Yis 1,830 24, Yea 1,589
485 EU-E75 2/, SL-H%0 3Y, 2 3074 P 294y, Y 1,996 215, Hea 1,726
2/, 665 IU-ETS 2%, PAC? 24, 1%, 2813P 2%, e 2,455 22, ey 2,055
665 EU-E75 NC26 ¥, 1%, 4,1258 3 e 2467 3y, Yig 2,204
665 EU-E75S 23, SL-H90 e, 2 3074P My, ¥ 2,549 2, s 1,996
665 EU-ETS 2/, OHSW 3y, 1%, 3,891 B T ¥y 2,324 35, e 2,075
2%, 6.65 EU-X95 NC26 ¥l 1%, 4,125B 3y, Fon 3,005 3 Yy 2,734
2%, 6.65 EU-G105 NC26? ¥ 1%, 4,125B 3, Yy 3,279 3Y, L' 3,005
2/, 685 EU-E7S NC31 LUA 2V, 7122P 3y, e 3,154 34/, Yis 2,804
685 EU-E75 2, WO 4, 2% 4,318P ¥, e 3,216 3V, Vs 2,876
6.85 EU-E75 2, OHLW? 3, X/ 3351pP 31, e 3297 e e 2,666
6.85 EU-ETS 2 SL-H9O 3, 26, 4515P 3y, 3, 3397 W, Vi 2,666
2%, 1040 EU-E75 NC31 4y, 24, 7.122p 35/ et 4,597 ¥/, e 3,867
1040 IU-ET5 2y XH 4y, 1%, 7.969 P 3 e 4357 3y, Ve 3,664
1040 IU-E75 NC2&# 3, 1, 4,125B 3%, W 4,125 3y, Yy 3.839
1040 EU-E75 2'/, OHSW? 3 25 5270P 39, 5t 4273 ki e 3,941
1040 EU-E75 2%, SL-H9% ¥, 255 6,773 P 3%, Yo 4,529 3y, N 3,770
1040 IU-E75 27, PAC? £ 14, 3439P 34, e, 3439 3Y, = 3,439
2°/y 1040 EU-X95 NC31 41 2 1918 P 357, s 5,726 37, ¥y 4,969
1040 EU-X95 27/, SL-HOO® 37, 2h,  6TTIP 34y, I, 5702 3, 5y 4915
27, 1040 EU-G10S NC31 4/, 2 7,918 P 31, By, 6,110 3, Wy 5345
27, 1040 EU-5135 NC31 4, 1%  10,167P 4y, ", 7,694 4 157, 6,893
3y, 950 EU-E75 NC38 44, 3 7,688 P 44/, Y 5773 41, Hy 4,797
950 EU-E75 NC38 LA 2.6 10,864 P 413, Yy 5773 41y, e 4,797
950 EU-E75 34, OHLW 4, 3 7218 P 1y, Y, 5,340 4y, Ve 4,363
9.50 EU-E75 3, 5L-HO 4%, 3 7,584 P 21, Ve 5,521 45y, Wy 5,003
3y, 13.30 EU-E75 NC38 4, 21y, 10,864 P 4/, e, 7274 47 Hea 6,268
1330 [U-ETS NC31? 4, 2y, 7.122P 4 By, 6,893 35, vy, 6,110
1330 EU-ET5 I, 0HSW &, 214, 10,387 P 47, Yy 7,278 414, 5, 6,299
1330 EU-E7S 31, H90 LA 2, 14300P vy, Yy 7,064 4y, /3 6,487
1330 EU-X95 NC38 5 2%, 12,196 P 49, L™ 8,822 449/, His 1,785
1330 EU-X95 3, SL-HX® 4%, 244, 1L137P 4, 57, 8742 #1 w, 7,647
1330 EU-X95 34, H9O 54, 2, 14,300 P 45/, W, 8,826 LY. s 7,646
3, 1330 EU-GI05 NC38 5 P 13328P @y, v, 9.879 41y, Uy 8,822
3, 1330 EU-5135 NC40) 54, 276 17.958 P 5 % 12,569 42/, e 10,768
1330 EU-S8135 NC38 5 2Y, 15909 P 4, A 12,614 451, s 10,957
34, 1550 EU-E75 NC38 5 s 12,196 P 4177, e 7,785 4154y, s 6,769
31, 15.50 EU-X95 NC38 5 2hs 13,328 P 43 Y, 9,879 4197, Y 8,822
3y, 1550 EU-Gl05 NC38 5 2V 15900 P 43/, s 10,957 4%, 157, 9,348
1550 E(-G105 NC40 sy, 2,  16656P 455, y, 11,363 a7y, By, 5,595
3, 1550 EU-8135 NC40 LUA 2, 19,766 P 5y ey 14,419 2, U 11,963
4 11.85 EU-E?S NC46 6 3y, 20,175 P 5l e 7,843 5 et 6,476
1185 EU-E75 4WO 5, 2/ 17,285 P 57, Vea 7,843 5y Yea 6,476
(Table continued on next page.)
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Table 10—Recommended Minimum OD* and Make-up Torque of Weld-on Type Tool Joints
Based on Torsional Strength of Box and Drill Pipe (Continued)

¢ @& & @ (5) ) o @ (&) a1, (1) (12 13
Premium Class Class 2
. . Min.  Mis. Box Make-up Min. Min Box Make-up
Drill Pipe New Tool Joint Data OD  Shoulder Torquefor  OD  Shoulder Torgue for
Nominal Nom New New Make-up Tool  with Eccen- Min OD Tool with Eccen- Min. OD
Size  Weight Type Upset oD D  Torque Joint  tricWear ToolJoint  Joint  tric Wear Tool Joint
in Ib/ft  and Grade Conn. in. in. fi-Ib in. in ft-Ib in. in fi-Ib
185 EU-E75 ZOHLW 5, 35/, 13.186P 5 Tex 7,866 4%, 7 6,593
11.85 IU-E75 4 HY 54, 2% 21,2247 47, M 7630 47/, Hy 6,962
4 1400 IU-E75 NC40 5, 2%, 14092P 4, Yie 9,017 4, Sty 7,877
1400 EU-E75 NC46 6 3y, 20,175P 5%y Y 9,233 5y /N 7,843
1400 IU-E75 4SH 4%, B 910R2P 4, 150, 8,782 4%, 1y, 7,817
1400 EU-E75 4 OHSW 5, 3y, 16,320 P 5 Wi 9,131 5 s 7,839
1400 IU-ETS 4 H90 51, 287,  21224P a5, %Yo 3,086 47, Wy 7,630
4 1400 TU-X95 NC40 54, 24 e 15404 P 4%, A 11,363 avi, B 9,595
1400 EU-X935 NC46 6 3y, 20,175 P hi' A e 11,363 e & 9,937
1400 ITU-X95 4 HYO S, 25,  21224P Sty 3, 11,065 ey, 3y 9,673
4 1400 TU-GI05 NCAO 54, 2  18,068P 5 %4 12,569 e 150, 10,768
1400 EU-G105 NC46 6 3y, 20,175 P 5 Ty 12,813 5y ' 10.647
1400 TU-G105 4H%O 51, 2/, 21224P 5, Y 12,481 54, Y 11,065
4 1400 EI-S135 NC46 6 3 23,538 P e Wy 15,787 5, A 14,238
4 1570 IU-E73 NC40 54, 23 . 15,404 P EYA ™ 10,179 457, W 8,444
1570 EU-E75 NC46 6 3Y, 20,175 P 5 M 9937 5Y, 1y 8,535
1570 TU-ETS 4H90 s, 2%, 21224P Py, 3y 9673 1, y, 8,305
4 1570 TIU-X95 NC40 5y, 2 18,068 P 5 L 12,569 45/, Yfea 10,768
1570 EU-X95 NC46 6 3 23538 P S o 12,813 sy, oo 10,647
1570 TU-X95 4H% s, 217, 21224P 54, /A 12,481 5, Y6 11,065
4 1570 EU-G105 NC46 6 3 23,538 P ssf, ¥, 13547 597, Py 12085
1570 IU-G105 4HO s, 2, 21224P Sy Y, 13,922 S Y, 11,770
4 1570 IU-8135 NC46 6 2%/, 26,982 B Yy, i 18,083 5., L/ 15035
1570 BU-S13S NC46 6 2%, 25118P sy n, 18083 57 "y, 15,035
4y, 1660 IEU-E75 4y, FH 6 3 20,868 P 5, v, 12,125 5, Sz 10072
16.60 IEU-E75 NC46 A , 20,396 P 53, B 12,085 s/, e 10,647
1660 IEU-E75  4Y,0HSW 57, ¥,  16346P s, By, 11,862 5, y, 10,375
1660 EU-E7S NC50 6%y 3%, 22836P 5%y L 11,590 54 s 10,773
1660 IEU-E75 4'/, H-90 6 3y, 23,355 P S Yie 12,215 5l faz 10,642
41, 16.60 IEU-X95 44, FH 6 2, 23843 P 5y, e 14,945 5%/, Y 12,821
1660 [EU-X95 NC46 &, 3y,  20396P 51, v, 15035 5, Y 12,813
1660 EU-X95 NCS0 6%, 3,  22836P 54, Uy 14,926 52, Y 13,245
16.60 TBU-X93 4/, H90 6 3 27,091 P 55/, A 15,441 5, 13 13,102
4, 16.60 IEU-G105 4, FH 6 2,  23843P 1, B, 16391 5%, v, 14,231
16.60 IEU-G105 NC46 64, 3 23,795P 5%, b 16,546 54, Y, 14,288
1660 EU-G105 NC50 &1, P,  2286P 7, Y, 16633 59, 187, 14,082
16.60 IEU-G105 414, H-90 6 3 27,091 P 5y, L/ 16,264 56 15 e 14,625
4y, 1660 IEU-5135 NCA6 6, 2/,  26923P Py B 21230 Sy W, 18,083
1660 EU-S135 NCS0 6, 34,  27076P 6,6 aj, 21,017 sy, Yy 18,367
4, 200 IEU-E75 44, FH 6 3 20,868 P 59/, Y, 14,231 5%, B 12,125
2000 IEU-E7S NC46 6, 3 23,795 P Y, Y, 14,288 517, 1y, 12,085
2000 BU-ETS NC50 6y 3%, 24993P 50, B, 14082 5, 2y, 12,415
2000 IEU-E75 4y, H-90 6 3 27,091 P 59y i~ 13,815 L, s 12,215
&, 2000 IEU-X95 4, FH 6 2%,  26559P 5%, af, 17,861 s, %y 15,665
2000 IEU-X95 NC46 6, 2,  26923P sy, n/, 18,083 P %, 15,787
2000 EU-X95 NC50 [ZA 3y, 27,076 P S Y 17,497 5y 15 15,776
20,00 [IEU-X95 4, H-90 6 3 272091 P s B 17,929 85/, A 15,441

(Table continued on next page.)
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Table 10—Recommended Minimum OD* and Make-up Torque of Weld-on Type Tool Joints
Based on Torsional Strength of Box and Drill Pipe (Continued)

10)] 2 €} @ &) ©) Q) ® ® (10) (11) (12) 13y
Premium Class Class 2

R , Min. Min. Box Make-up Min. Min. Box Make-up

Drill Pipe New Tool Joiut Data OD  Shoulder Torquefor  OD  Shoulder Torque for

Nominal Nom New New  Make-up Tool  with Eccen- Min. OD Tool  with Eccen- Min. OD

Size  Weight Type Upset oD ID  Torque Joint  tricWear ToolJoint  Joint  fric Wear Tool Juint

in Ib/ift  and Grade Conn. in. in, fi-Ib m. in. fi-Ib in. in ft-lb

4y, 2000 IEU-G105 NC46 &, 24,  29778P 524, By, 19,644 5%, Hy 17311
20.00 EU-G105 NC50 &y 3y, 27076 P 6y, s 20,127 5%y Y, 16,633
44, 2000 EU-S135 NCS0 &/, 2, 36398P &l B, 25569 6y, n, 21,914
5 1950 IEU-E75 NC50 A ¥/,  22836P 5%, B, 15,776 54, 13, 14,082
5 19.50 IBU-X95 NC50 &4, 34,  27076P &y, Y 20,127 5%, e, 17,497
1950 IEU-X95 5H-90 6Y, 3Y,  31,084P 57, 5y, 19,862 5, v, 17,116
5 1950 IEU-GI105 NC50 A 3y, 31,025p &y, e 21,914 6 B/ 19,244
19.5¢ IEU-G105 5H-90 6l 3 3509p 55, 2, 0,727 5%/ ¥y 18,940
5 1950 IEU-S135 NC50 6%, 2%,  38,044P 66 By, 28,381 &, =, 24,645
19.50 IEU-S135 S, FH 7, 3Y,  434%0P &4, %, 28,737 6%, e 24,412
5 2560 IEU-E7S NC50 &/, 3Y,  ZI076P &'y, S 20,127 51, . 17,497
2560 TEU-E?S 5, FH 7 3y,  37,742B &Y, Y, 20205 63/, L'y 17,127
5 2560 [IEU-X95 NC50 &/, 3 34,680 P 6y B 25,569 6y, W, 21,914
2560 TEU-X95 sy, FH 7 3, 37,742B &y Wy, 25483 &l % 22,294
5 2560 IEU-GI0S NC50 6/, 2%, 3B044P 61y /. 27,437 6,y ¥, 23,728
2560 IEU-G105 54, FH kA 3 43,490 P 63y Bl 27,645 6%, s 24,412
5 2560 IEU-S135 sy, FH ™, 3,  4720B 6%, 157, 35,446 60/, v, 30,943
54, 2190 1IEU-E75 54, FH 7 4 33,560 P 64975, s 19,172 654y, 3, 17,127
54, 21.90 IEU-X95 54, FH 7 3, 371,142 B &/ s 24,412 6"y, R 21,246
2190 IEU-X95 5%, H-90 7 3y, 35454 P 6 Y 24414 &y a2 21,349
54, 21.90 IEU-G105 5Y, FH ™, 34,  43490P &y, By, 21,645 657, wy, 23,350
54, 21.90 IEU-8135 54, FH T, 3 33,302 P 65/, 52 35,446 6%, b 30,943
54 24.70 IEU-E75 5Y,FH 7 4 33,560 P 616 W 22,292 68t ' 19,172
54, 24,70 IEU-X95 54, FH A 3y, 43490 P By, Bt 27,645 6%y, s 23,350
sy, 2470 1EU-G105 54, FH 7, 34,  4349P 1y, 5, 29,836 6, u, 26,560
54, 2470 IEU-S135 5Y4,FH T, 3 52,302 P Ty B 38,901 o7/, e 33,180
6%, 2520 IEU-E7S &/, FH ] 5 44,196 P The Y, 26,810 Py s 24,100
IEU-X95 6%y FH 8 5 44,196 P Ty Wy 35,139 7 % 29,552
IEU-G105 &/, FH 8y, 4, 51,742 P ™ LA 37,983 L/ Mt 33,730
IEU-8135 &%, FH 8, 4y,  §5535P 7, ny,, 48,204 N 7y, 42312
&4, 2770 1BU-E7S 6/, FH 3 5 44,196 P 7, %y 29,552 8 5, 25,451
IEU-X95 &%, FH 8y, &,  51,742P T\ Y, 37,983 Phhe Y 12,329
IEU-G105 &4, FH 8Y, &,  s|L74zp 7, n, . 40,860 i, By 36,556
[EU-8135 6/, FH 8, 4y,  65535P 3 s, 52,714 i, »y, 45241

"The use of outside diameters (OD) smaller than those listed in the table may be acceptable due to special service requirements,

*Tool joint with dimensions shown has lower torsional yield ratio than the .80 which is generally used.

3Recommended make-up torque is based on 72,000 psi stress.

‘Inca]culaﬁonofmtsiomlmngthsoftooljoints,bodlnewandwom,thebevelsofthemoljoimshouldersmedismgurdeimgthicknessmeasmnmcntshould

be made in the plane of the face from the LD. of the counter bore to the outside diameter of the box, disregarding the hevels.

’AnywoljointwithanoutsidediameterlessthauAPlbeveldiametershouldbepmvidedwithanﬁnimum’lainchdepthxﬁdcgmebevelonﬂnoumideand
inside diameter of the box shoulder and outside diameter of the pin shoulder.
¢ p = Pin limit; B = Box limit,
*Tool joint diameters specified are required to retain torsional strength in the tool joint comparable to the torsional strength of the attached drill pipe. These should
beudnqumfora]lmvice.Tboljointswithmmionalst:engthswmidcmblyhdowthatofthedriﬂpipemaybeadequawfmmuchdrmmgservice.
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Table 11—Buoyancy Factors

1) 2) 3)
Mud Density Ib/gal Maud Density ibfeu ft Buoyancy Factor, Kb
8.4 62.84 72
86 64.33 .869
83 65.83 B66
2.0 67.32 862
92 68.82 859
94 70.32 856
9.6 71.81 853
2.8 7331 850
100 74.80 847
10.2 76.30 344
104 7180 241
10.6 79.29 838
108 80.79 835
11.0 8229 832
11.2 83.78 829
114 8528 826
11.6 86.77 .823
11.8 88.27 820
120 89.77 817
122 21.26 814
124 9276 811
126 9425 807
128 9575 804
13.0 91.25 801
13.2 98.74 798
134 100.24 795
13.6 101.74 792
13.8 103.23 789
14.0 104.73 786
142 106.22 783
144 107.72 780
146 109.22 177
14.8 110.71 174
150 11221 T
152 113.70 768
15.4 115.20 765
15.6 116,70 J62
15.8 118.19 7159
160 119.69 756
16.2 121.18 752
164 12268 149
16.6 124,18 746
16.8 125.67 743
17.0 127.17 740
172 128.66 737
174 130.16 734
176 131.66 731
17.8 133.15 728
180 134.65 725
185 13839 7
190 142.13 .10
15.5 145.87 102
200 149,61 654
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Table 12—Rotary Shouldered Connection interchange List
Common Name Pin Base
Diameter Threads Taper Thread Same as or
Style Size (Tapered) Perin, m/ft Form! Interchanges With
Internal Flush (LF) 22" 2.876 4 2 V-0.065 27/," Slim Hole
(V-0.038 rad) N.C. 26%
2" 3.301 4 2 V-0.065 3'4" Slim Hole
(V-0.038 rad) N.C. 31®
" 4016 4 2 YV-0.065 4!4," 5lim Hole
(V-0.038 rad) N.C. 382
4" 4.8334 4 2 V-0.065 4Y," Extra Hole
(V-0.038 rad) N.C. 46
44," 5.250 4 2 V-0.065 5" Extra Hole
(V-0.038 rad) N.C. 502
5'," Double Sweamline
Full Hole (FH.) 4 4.280 4 2 V-0.065 4'/;" Double Streamline
{V-0.038 rad) N.C.4®
Extra Hole OC.H.) (EH.) p A 3.327 4 2 V-0.065 3" Double Streamline
(V-0.038 rad)
3y 3812 4 2 V-0.065 4" 5lim Hole
{V-0.038 mad) 4'/," External Flush
4" 4.834 4 2 V-0.065 4" Internal Flush
(V-0.038 rad) N.C. 4&
5" 5.250 4 2 V-0.065 4'/," Internal Flush
(V-0.038 rad) N.C. 507
51," Double Streamline
Slim Hole (S.H.) 2" 2.876 4 2 V-0.065 23" Internal Flush
(V-0.038 rad) N.C.26*
" 3391 4 2 V00635 27/;" Internal Flush
(V-0.038 rad) N.C. 312
4" 3812 4 2 V-0.065 3'£," Extra Hole
(V-0.038 rad) 41/," External Flush
a7, 4.016 4 2 V-0.065 34," Internal Flush
(V-0.038 rad) N.C, 382
Double Streamline (DSL) 3, 3327 4 2 V-0.065 27" Extra Hole
{V-0.038 rad)
LUA 4280 4 2 V-0.065 4" Full Hole
(V-0.038 rad) N.C. 4P
54, 5.250 4 z V-0.065 4'/," Internal Flush
(V-0.038 rad) 5" Extra Hole
N.C. 502
Numbered Connection (N.C.) 26 2.876 4 p V-0.038 rad 2%/;" Internal Flush
274," Slim Hole
3 3391 4 2 V-0.038 rad 2°/," Internal Flush
314" Slim Hole
38 4.016 4 2 V-0.038 rad 3Y," Interna? Flush
414" Slim Hole
40 4.280 4 2 V-0.038 rad 4" Full Hole
4%," Double Streamline
46 4.834 4 2 V-0,038 rad 4" Internal Flush
41" Extra Hole
50 5.250 4 2 V-0.038 rad 444," Internal Flush
5" Extra Hole
External Flush (E.F) 44" 3812 4 2 V-0.065 4" Slim Hole
(V-0.038 rad) 3Y," Exira Hole

IConnections with two thread forms shown may be machined with: either thread form without affecting gauging or interchangeability.
Numbered connections (N.C.) may be machined only with the V-0.038 radius thread form.
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Figures 1-25—Torsional Strength and Recommended Make-up Torque Curves
(All curves based on 120,000 psi minimum yield strength and 60 percent
of minimum yield strength for recommended make-up torque.)
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Figure 2—2%, Open Hole Torsional Yield and Make-up
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Tool Joint Box O.D.

Tool Joint Box O.D.
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Tool Joint Box O.D.

Tool Joint Box O.D.
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Figure 6—NGC31 Torsional Yield and Make-up
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Figure 10—27/, PAC Yorsional Yield and Make-up
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4.12 The recommended make-up torque for a used tool
joint is determined by taking the following steps:

4.12.1 Select the appropriately titled curve for the size and
type tool joint connection being studied.

4.12.2 Extend a horizontal line from the OD under consid-
eration to the curve and read the recommended make-up
torque representing the box,

4.12.3 Extend a vertical line from the ID under consider-
ation to the curve and read the recommended make-up torque
representing the pin.

4124 The smaller of the two recommended make-up
torques thus obtained is the recommended make-up torque
for the tool joint.

4.12.5 A make-up torque higher than recommended may
be required under extreme conditions.

5 Properties Of Drill Collars

5.1 Table 13 contains steel drill collar weights for 2 wide
range of OD and IDY combinations, in both API and non-API
sizes. Values in the table may be used to provide the basic
information required to calculate the weights of drill collar
strings that are not made up of collars having uniform and
standard weights.

5.2 Recommended make-up torque values for rotary shoul-
dered drill collar connections are listed in Table 14. These val-
ues are listed for various connection styles and for commonly
used drill collar OD and ID sizes. The table also includes a
designation of the weak member (pin or box) for each con-
nection size and style.

5.3 Many drill collar connection failures are a result of
bending stresses rather than torsional stresses. Figures 26
through 32 may be used for determining the most suitable
connection to be used on new drill collars or for selecting the
new connection to be used on collars which have been worn
down on the outside diameter.

5.4 A connection that has a bending strength ratio of 2.50:1
is generally accepted as an average balanced connection.
However, the acceptable range may vary from 3.20:1 to
1.90:1 depending upon the drilling conditions.

5.5 As the outside diameter of the box will wear more rap-
idly than the pin inside diameter, the resulting bending
strength ratio will be reduced accordingly. When the bending
strength ratio falls below 2.00:1, connection troubles may
begin. These troubles may consist of swollen boxes, split
boxes, or fatigue cracks in the boxes at the last engaged thread,

5.6 The minimum bending strength ratio acceptable in one
operating area may not be acceptable in another. Local operat-
ing practices experience based on recent predominance of
failures and other conditions should be considered when

COPYRI GHT 2000 Anerican PetroleumlInstitute
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determining the minimum acceptable bending strength ratio
for a particular area and type of operation.

9.7 Certain other precautions should be observed in using
these charts. It is imperative that adequate shoulder width and
area at the end of the pin be maintained. The calculations
involving bending strength ratios are based on standard
dimensions for all connections.

58 Minor differences between measured inside diameter
and inside diameters in Figures 26 through 32 are of little sig-
nificance; therefore select the figure with the inside diameter
closest to measured inside diameter.

8.9 The curves in Figures 26 through 32 were determined
from bending strength ratios calculated by using the Section
Modulus (Z) as the measure of the capacity of a section to
resist any bending moment to which it may be subjected. The
effect of stress-relief features is disregarded The equation, its
derivation, and an example of its use are included in A.10.

6 Properties of Kellys

6.1 Kellys are manufactured with one of two drive configu-
rations, square or hexagonal. Dimensions are listed in Tables
2 and 3 entitled “Square Kellys” and “Hexagon Kellys” of
API Specification 7.

6.2 Square kellys are furnished as forged or machined in the
drive section. On forged kellys, the drive sections are normal-
ized and tempered and the ends are quenched and tempered,

6.3 Hexagonal or fully machined square kellys are
machined from round bars. Heat treatment may be either:

6.3.1 Full length quenched and tempered before machin-
ing; or
6.3.2 The drive section normalized and tempered and the
ends quenched and tempered.

It should be noted that fully quenched drive sections have
higher minimum tensile yield strength than normalized drive
sections when tempered to the same hardness level. For the

same hardness level, the ultimate tensile strength may be con-
sidered as the same in both cases.

6.4 The following criteria should be considered in selecting
square or hexagonal kellys.

6.4.1 It may be noted from Table 15 that the drive section
of the hexagonat kelly is stronger than the drive section of the
square kelly when the appropriate kelly is selected for a given
casing size,

Example: A 4Y/,-inch square kelly or a 5Y/,-inch hexagonal
kelly would be selected for use in 8%g-inch casing.

It should be noted, however, that the connections on these
two kellys are generally the same and unless the bores (inside
diameters) are the same, the kelly with the staller bore could
be interpreted to have the greater pin tensile and torsional
strength.

(Text continued on page 46.)
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Table 13—Drill Collar Weight (Steel)
{pounds per foot)
m @& 3 @ ® ®) o ® ® (10) (11) 12} (13 a4)
Drill
Collar Drill Collar ID, inches
oD,
inches 1 1y, 11/, 1%, 2 2v, 24, 2%, 3 34, 3, 3, 4
b A 19 18 16
3 21 20 18
3y, 22 22 20
3y, 26 24 22
3y, 30 29 27
3%, 35 i3 3z
4 40 39 37 35 32 29
44, 43 41 39 37 35 32
41, 46 44 42 40 38 35
4, 51 50 48 46 43 41
&, 54 52 50 47 44
5 61 59 56 53 50
5Y, 68 65 63 60 57
5, 15 3 70 67 64 60
LA 82 80 78 75 72 67 64 60
6 90 88 85 83 79 75 72 68
6, 98 96 o9 91 88 83 80 76 72
6, 107 105 102 9 9 91 39 85 80
&/, 116 114 111 108 105 100 98 93 89
7 125 123 120 117 114 110 107 103 98 93 84
T, 134 132 130 127 124 119 116 112 108 103 9
' 144 142 139 137 133 129 126 122 117 113 102
A 154 152 150 147 144 139 136 132 128 123 112
8 165 163 160 157 154 150 147 143 138 133 122
8, 176 174 7 168 165 160 158 154 149 144 133
8Y, 187 185 182 179 176 172 169 165 160 155 150
9 210 208 206 23 200 195 192 188 184 179 174
94, 234 232 230 227 224 220 216 212 209 206 198
%/, 248 245 243 240 237 232 229 225 221 216 211
i0 261 259 257 254 251 246 243 239 235 230 225
11 317 315 313 310 307 302 299 295 291 286 281
12 379 3 374 37 368 364 361 357 352 347 342
Notes:

| 1. See APT Specification 7, Table 13 for API standard drill collar dimensions.
2. For special configurations of drill collars, consult manufacturer for reduction in weight.
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Table 14—Recommended Make-up Torque' for Rotary Shouldered Drill Collar Connections

(See footnotes for use of this table.)

(1) 2) & @ 5 (6 ] (8) ® (10) (11) (12) (13
Connection Minimum Make-up Torgue ft-1b?
Size, oD, Bore of Drill Collar, inches
in Type in. 1 1Y, 1Y, 1%, 2 24, 21, 3, 3 3y,
APL NC23 3 *2,508 *2.508 *2.508
3, 33330 3,330 2,647
3y, 4,000 3,387 2,647
2, Regular 3 *2 241 *2.241 1,749
Iy *3.028 2,574 1,749
34, 3,285 2,574 1,749
2t PAC? 3 *3,797 *3,797 2,926
3y *4,966 4,151 2,926
3y, 5,206 4,151 2,926
2%, APIIF 3y, *4 606 *4,606 3,697
AFL NC26 3%, 5,501 4,668 3,697
2% Regular 3, *3,838 *3,838 *3,838
3, 5,766 4,951 4,002
7, 5766 4951 4002
2y Slim Hole
2%y Extra Hole B, *4.089 *4,089 *4,089
3y, Double Streamline ¥y *5,352 *5,352 *5,352
27, Mod. Open 4/, 28,050  *3,059 7,433
2y AFPIIF ¥ *4,640 *4,640 *4 640 *4 640
APl NC31 4 *7,390 *7,390 7,390 6,853
3y, Regular 44/, *6,466 *5,466 *6,465 *65,466 5,685
4y, *7,586 *7.886 *7 886 7.115 5,685
4, 10,471 9,514 8,394 7.115 5,685
3y, Slim Hole 4, *2,858 *3,858 8,161 6,853 5,391
4y, 10,286 9,307 8,161 6,853 5391
APL NC35 41, *9,038 *9.038 *5,038 7,411
&, 12,273 10,826 9202 7,411
5 12273 10,826 9,202 7411
3, Extra Hole 4, *5,161 *5,161 *5,161 *5,161
4 Slim Hole 44, *3.479 *8.479 *8.479 8,311
3, Meod. Open a3, *12,074 11,803 10,144 8,311
5 13,283 11,803 10,144 8,311
5Y, 13,283 11,803 10,144 8,311
3y, APITF 44, *9086 *9986  *0986  *0986 8315
API NC 38 5 *13,949  *13,949 12,907 10,977 8,315
4y, Slim Hole s, 16,207 14,643 12,907 10977 8315
54, 16,207 14,643 12,907 10,977 8,315
3y, H-90* 47, *8,7386 *8,786 *8,786 *8786  *8,786
5 12,794 *12,794  *12,794  *12,79%4 10408
5y, *17094 169290 15137 13,151 10,408
5, 18,522 16,929 15,137 13,151 10,408
4 Full Hole 5 *10,910 *10910 *10,910 *10910 *10,910
APL NC 40 54, *15290 *15290 *15290 14,969 12,125
4 Mod. Open 54, *19,985 18,886 17,028 14,969 12,125
41, Double Streamline 5, 20,539 18,886 17,028 14,969 12,125
6 20,539 18,886 17,028 14969 12,125
(Table continued on next page.)
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Table 14—Recommended Make-up Torque! for Rotary Shouldered Drill Collar Connections (Continued)

{See footnotes for use of this tabls.)
1) @) ) @ (3) 6) 0] ® ) (10 (11) (12) (13)
Connection Minimum Make-up Torgue ft-ib*
Size, oD, Bore of Drill Collar, inches
in, Type in. 1 1Y, 14, 1%, 2 24, 24, 2%, 3 LA
H-90* sy, *12500 *12,590 *12,590 *12,590 *12,590
5, *17401  *17,401 *17,401 *17,401 16,536
5, 22,531 *22,531 21,714 19543 16536
6 25408 23671 21,714 19,543 16,536
6Y, 25408 23671 24,714 19543 16536
44,  APIRegular 5Y, *15,576 *15576 *15576 *15576 *15576
5, 20,609  *20,609  *20,609 19,601 16,629
6 25407 23686 21,749 19601 16629
6, 25,407 23,686 21,749 19,601 16,629
API  NC44 s, 20,895 *20,895 *20,895 *20895 18,161
6 *26,453 25,510 23,493 21,257 18,161
&, 27300 25510 23493 21257 18,161
61, 27300 25510 23493 21257 18,161
44,  APIFull Hole L ¥12973  *12973  *12973 *12,973 *12,973
s, *18,119 *18119 *18,119 *18,119 17,900
6 *23605 *23605 23028 19921 17,900
&, 27294 25272 22028 19921 17,900
A 27204 25272 22028 19921 17,900
44,  ExtraHole 5y, »17,738  *17,738 *17,738 *17,738
API  NC46 6 23470 *23422 22426 20311
4 APIIF 6, 28021 25676 22426 20,311
4,  SemilF 6Y, 28021 25676 22426 20311
5 Double Streamline 6, 28021 25676 22426 20,311
4y,  Mod Open
4, HX ETA *18,019 *18,019 *18019 *18019
6 *23,681 *23,681 23159 21,051
&, 28732 26397 23159 21,051
6, 28732 26307 23,159 21,051
&, 28732 26397 23,159 21,051
5 H-90¢ LA *25,360 *25360 *25360  *25,360 23,988
6Y,  *31,895 *31895 20400 27167 23988
&, 35202 32,825 29400 27,167 23988
7 35292 32,825 29400 27,167 23988
4,  APIIF 64,  *23004 *23004 *23004 *23004 *23004
AP NC50 64, *29679 29679 9679 29679 26675
5 Extra Hole 6, %6742 35824 32277 29966 26675
5 Mod. Open 7 38379 35824 32277 29966 26,675
5%,  Double Streamline 7, 38379 35824 32277 29966 26675
s Semi-TIF T, 38379 35824 32277 29966 26,675
5%,  H-90 6,  *34508 34508 *34508 34,142 30,781
7 *41,993 40,117 36501 34,142 30,781
7, 42719 40117 36501 34,142 30,781
7, 42719 40,117 36501 34,142 30,781
54,  APIRegular 6,  *31941 *31,941 *31,941 *31,941 30495

7 *39419 *39,419 36,235 33,868 30,495
A 42,481 39,866 36,235 33,868 30495
T, 42,481 39,866 36,235 33,868 30,495

(Table continued on next page.)
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37
Table 14—Recommended Make-up Torque' for Rotary Shouldered Drill Collar Connections {Continued)
(See footnotes for use of this table.)
(1) @ 3 @ (5 (6 M 8) o (10) (11) (12} {13
Connection Minimum Make-up Torque ft-1b>
Size, oD, Bore of Drill Collar, inches
in Type in, 1 1v, 1, 1%, 2 2y, 2y, 28, 3 3,
5, API Full Hole 7 *32,762 *32,762 32,762 *32,762  *32,762
7Y,  *40998 *40,998 *40,998 40,998  *40,998
7Y,  *49,661 *49,661 47756 45190 41,533
7, 54515 51,687 47,756 45190 41,533
APl  NCS56 T, - *40498  *40,498 *40,498  *40498
Y, *O060 48,221 45680 42,058
A 52,115 48221 45680 42,058
8 52,115 48221 45680 42,058
&, AP Regnlar 7, *46,300  *46,399  *46399  *46399
74, *§5,627 53,346 50704 46,936
8 57,393 53,346 50704 46936
8y, 57,393 53,346 50,704 46,936
6% H-90* ™, *46,500 *46,500 *46,500  *46,509
7, *55708  *55708 53,629 49855
8 60,321 56273 53,629 49855
BY, 60,321 56273 53,629 49855
APl NC61 8 *55,131  *55,131  *55131  *55,131
8, *65438 *65438 *6543%8 61624
8y, 72670 68,398 65607 61,624
8, 72670 68398 65607 61624
9 72670 68,398 65607 61,624
5y, APILTF 8 *S6,641  *56,641 *56,641 *S6,641  *56,641
8y, *657,133  *67,133  *67,133 63381 50,027
8Y, 74626 70277 67436 63381 59,027
8, 74626 70277 67436 63381 59,027
9 74,626 70277 67436 63381 59027
9, 74626 70277 67436 63331 59,17
&, API Full Hole 8y, *67,789  *67,789 *67,789 67,789 *67,789 67,184
8, *70,544  *79,544 *79544 76706 72,102 67,184
9 88,582 83992 80991 76,706 72,102 67,184
oy, 88,582 83992 80991 76706 72,102 67,184
gy, 88,582 83992 80991 76706 72,102 67,134
AP  NC70 9 *75781 *75781  *75781 *75781 *75781  *75,781
oY, #33.802  *3R,802 *83,302 85,802 *8RR02  *SL/02
91y, *102,354  *102,354 *102354 101,107 96214 90,984
9%, 113,710 108,841 105,657 101,107 96214 90,984
10 113,710 108,841 105657 101,107 96214 90984
10, 113,710 108,841 105657 10L107 96214 90,984
APl  NC77 10 *108,194 *108,194 *108,194 108,194 +*108,194 *108,194
10Y, *124051 *124051 *124,051 *124051 *124,051 *124,051
10Y, *14D,491 *140,491 *140491 140488 135119 129,375
109, 154297 148965 145476 140488 135119 120375
1 154,297 148,965 145476 140488 135119 129,375
7 H-90* 3 *53,454  *53454 53454  *53.454 *S3 454  *53.454
8y, *63,738  *63,738  *63,738 *63,738 60971 56,382
8y, 74478 72066 69265 65267 60971 56382
Ty API Regular v, 60402 *60402 60,402  *60402  *60402  *60.402
8y, 72160 *12,160  *T2,160 *72160 *72,160  *72,169
(Table continued on next page.)
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Table 14—Recommended Make-up Torque® for Rotary Shouldered Drill Collar Connections (Continued)

{See footnotes for use of this table.)
[{5)] @) 3 “@) 3 ©) D ) 9 (10} (11} (12} (13)
Connection Minimum Make-up Torque ft-1b?
Sim, OD, BoreofDri]lCo]]at,inches
in. Type in. 1 1y, 1Y, 1%, 2 2y, 24, 2%, 3 P,
9 *§4,442 84,442 *B84442 84221 79,536 74,529
9, 96,301 91,633 88580 84221 79,536 74,529
9%/, 96,301 91,633 88580 84221 79536 74,529
Ty H-90¢ 5 *73.017 *73017 *73017 *73017 *73017 *73,017
o1, *$65006 *86,006 *86006 *86006 *86,006  *36,006
91, *99508  *99,508  *09,508 *99,508 *99,508 96,285
854y AP Regular 10 *109,345 *109,345 *100,345 *109,345 *109,345 *109,345
10, *125263 *125263 *125263 *125263 *125263 125,034
10Y, *141,767 *141,767 141,134 136,146 130,777 125,034
8%, H-50* 104, *113,482 *113482 *113,482 *113482 *113482 *113,482
104, *130,063 *130,063 *130,063 *130,063 *130,063 *130,063
7 H-90* &, *68,061 *68,061 67257 62,845 58,131
(with low torque face) 9 74235 71,361 67,257 62,845 58,131
Py API Regulat 9, 73,009 *73099 *73,099 *73,099
(with low torque face) 9%, 86,463 *86A63 82457 71289
P, 91,789 87,292 82457 77289
10 91,780 87,292 82457 71289
Py H-90* »/, 91,667 *9LG67 *9L667 *91,667  *91,667
(with low torque face) 10 *106260 *106260 *106260 104,171 98,304
10Y, 117,112 113851 109,188 104,171 98,804
104, 117,112 113,851 109,188 104,171 98,804
85, API Regular 107/, *112,883 *112,883 *112,883 +*112,883
(with low torque face) 11 *]130,672 *130,672 *130,672 *130,672
11Y, 147,616 142430 136846 130,871
8%, B-90* 107, 02060 *O2960 92960 *92.960
(with low torque face) 11 *110,781 *110,781 *110,78t *110,781
114, *129,203 *129.203 *129203 *129.203
*Notes:

1. Torque figures preceded by an asterisk (*) indicate that the weaker member for the corresponding outside diameter (OD) and bore is the BOX; for all other
I torque values, the wealoer member is the PIN.
2, In each comection size and type group, torque values apply to all connection types in the group, when used with the same drill collar owtside diameter and bore,
ie. 23, API IF, API NC 26, and 27/, Skm Hole comnections used with 3'/; x 1%, drill collars all have: the same minizuwm make-op torque of 4600 &. Ih., and the
BOX is the weaker member.
3. Stress-relief features are disregarded for make-up torque.
1Basis of calculations for recommended make-up torque assumed the use of a thread compound containing 40-60 percent by weight of finely powdered metallic
zinc or 60 percent by weight of finely powdered metallic lead, with not more than 0.3 percent total active sulfur (reference the caution regarding the use of hazard-
ous materials in Appendix G of Specification 7) applied thoroughly to all threads and shoulders and using the modified Screw Jack formula in A8, and a unit stress
of 62,500 psi in the box or pin, whichever is wealer.
ZNormal torque range is tabulated value plus 10 percent. Higher torque values may be used under extreme: conditions.
TMake-up torque for 27/; PAC connection is based on 37,500 psi stress and other factors listed in footnote 1.
Miake-up torque for H-90 connection is based on 56,200 pst stress and other factors listed in footnote 1.
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Figure 26—Drill Collar Bending Strength Ratios, 1/~ and 1%/,-inch ID
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Figure 27—Drill Collar Bending Strength Ratios, 2- and 2'/,-lnch ID
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Figure 28—Drill Collar Bending Strength Ratios, 2'/~Inch ID
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Figure 28—Drill Collar Bending Strength Ratios, 2'%/,¢-Inch ID
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Figure 30—Drill Collar Bending Strength Ratios, 3-Inch ID
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Figure 31—Drill Coltar Bending Strength Ratios, 3'/,-Inch 1D
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Figure 32-—Drill Collar Bending Strength Ratios, 3'/,-Inch ID
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6.4.2 YFor a given tensile load, the stress level is less in the
hexagonal section.

6.4.3 Due to the lower stress level, the endurance limit of
the hexagonal drive section is greater in terms of cycles to
failure for a given bending load.

644 Surface decarburization (decarb) is inherent in the as
Jorged square kelly which further reduces the endurance limit
in terms of cycles to failure for a given bending load. Hexago-
nal kellys and fully machined squares have machined sur-
faces and are generally free of decarb in the drive section.

6.4.5 It is impractical to remove the decarb from the com-
plete drive section of the forged square kelly; however, the
decarb should be removed from the comers in the fillet
between the drive section and the upset to aid in the preven-
tion of fatigue cracks in this area. Machining of square kellys
from round bars could eliminate this undesirable condition.

6.4.6 The life of the drive section is directly reiated to the
kelly fit with the kelly drive. A square drive section normally
will tolerate a greater clearance with acceptable tife than will
a hexagonal section. A diligent effort by the rig personnel to
maintain minimum clearance between the kelly drive section
and the bushing will minimize this consideration in kelly
selection. New roller bushing assemblies working on new
kellys will develop wear patierns that are essentially flat in
shape on the driving edge of the keily. Wear patterns begin as
point contacts of zero width near the corner. The pattern wid-
ens as the kelly and bushing begin to wear until a maximum
wear pattern is achieved. The wear rate will be the least when
the maximum wear pattern width is achieved. Figure 33 illus-
trates the maximum width flat wear pattern that could be
expected on the kelly drive flats if the new assembly has
clearances as shown in Table 16. The informaticn in Table 16
and Figures 33 and 34 may be used to evaluate the clearances
between kelly and bushing. This evaluation should be made
as soon as 4 wear pattern becomes apparent after a new
assembly is put into service.

Example: At the time of evaluation, the wear pattern width
for a 5'/-inch hexagonal kelly is 1.00 inch.

This could mean one of the following two conditions exist:

a. If the contact angle is less than 8 degrees 37 minutes, the
original clearances were acceptable. The wear pattern is not
fully developed.

b. If the contact angle is greater than 8 degrees 37 minutes,
the wear pattern is fully developed. The clearance is greater
than is recommended and should be corrected.

6.5 Techniques for extending life of kellys include rema-
chining drive sections to a smaller size and reversing ends.
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6.5.1 Remachining

Before attempting to remachine a kelly, it should be fully
inspected for fatigue cracks and also dimensionally checked
to assure that it is suitable for remilling. The strength of a
remachined kelly should be compared with the strength of the
drill pipe with which the kelly is to be used. (See Table 17 for
drive section dimensions and strengths.)

6.5.2 Reversing Ends

Usuzlly both ends of the kelly must be butt welded
{stubbed) for this to be possible as the original top is too short
and the old lower end is too small in diameter for the connec-
tions to be reversed. The welds should be made in the upset
portions on each end to insure the tensile integrity and fatigue
resistance capabilities of the sections. Proper heating and
welding procedures must be used to prevent cracking and to
recondition the sections where welding has been performed.

6.6 The internal pressure at minimum Yyield for the drive
section may be calculated from Equation A.9.

7 Design Calculations
7.1 DESIGN PARAMETERS

It is intended to outline a step-by-step procedure to ensure
complete consideration of factors, and to simplify calcula-
tions. Derivation of formulas may be reviewed in Appendix
A. The following design criteria must be established:

a. Anticipated total depth with this string.

b. Hole size.

¢. Expected mud weight.

d. Desired Factor of Safety in tension and/or Margin of Over
Pulil.

e. Desired Factor of Safety in collapse.

f. Length of drill collars, OD, ID, and weight per foot.

£ Desired drill pipe sizes, and inspection class.

7.2 SPECIAL DESIGN PARAMETERS

If the actual wall thickness has been determined by inspec-
ton to exceed that in APT tables, higher tensile, collapse, and
internal pressure values may be used for drill stem design.

7.3 SUPPLEMENTAL DRILL STEM MEMBERS

Machining of the connections o AFPT specifications and the
proper heat treatment of the material shall be done on all supple-
mental drill stem members, such as subs, stabilizers, tools, etc.

74 TENSION LOADING

The design of the drill string for static tension loads
requires sufficient strength in the topmeost joint of each size,
weight, grade, and classification of drill pipe to support the
submerged weight of all the drill pipe plus the submerged
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Table 15—Strength of Kellys'
(1) (2 3 @ (5 ) @ @) ® (10) (11)
Internal
Pressure at
Yield in Minimum
Lower Pin Connection “giﬁzf Tensile Yield Torsional Yield Bending Yicld
Kelly Size Kelly mended LowerPin Drive Lower Pin Drive Through Drive
and Type Bore Size and OD  CasingOD Commection®  Section Connecticn Section Drive Section Section
in. in. Style in. in. b 1b fi-To fi-Ib ft-Ib psi

2Y, Square 1Y, NC26 3, 4Y, 416,000 444,400 9,650 12,300 13,000 29,800
; (2% IF)

' 3 Square 1%, NC31 41, 54, 535,000 582,500 14,450 19,500 22,300 25,500
‘; 2%, IF)

' 3Y, Square 2y, NC38 &/, 6, 724,000 725,200 22,700 28,300 34,200 22,200
(3, IF)

43, Square 284 NC46 6Y, 8 1,054,000 1,047,000 39,350 49,100 60,300 19,500

(4IF)

4Y, Square 2%, NCSD A 8%, 1375200 1,047,000 55810 49,100 60,300 19,500
@, IF)

5, Square 3, 512 FH 7 954 1,609,000 1,703,400 72,950 99,400 117,000 20,600

3 Hex 14, NC26 Py 44, 356,000 540,500 8,300 20,400 20,000 26,700
(2% IF)

34, Hex 1’ NC31 4, 5, 495,000 710,000 13,400 31,400 31,200 25,500
2L IF)

41/, Hex 2Y, NC38 4, &/ 724,000 1,046,600 22,700 56,600 56,000 25,000
G 1R

5, Hex 3 NC46 64, 85, 960,000 1,507,600 35,430 101,900 103,000 20,600

(4IF}

5%, Hex 3y, NC50 &y 8 1,162,000 1,397,100 46,750 95,500 99,300 20,600
@4LIF

6 Hex 3, 5", FH 7 95, 1,463,000 1,935,500 66,350 149,800 152,500 18,200

'All values have a safety factor of 1.0 and are based on 110,000 psi minimum tensile yield (quenched and tempered) for connections and 90,000 psi minimum
tensile yield (normalized and tempered) for the drive section. Fully guenched and tempered drive sections will have higher values than those shown. Shear

strength is based on 57.7 percent of the minimum tensile yield strength.
2Clearance between protector rubber on kelly saver sub and casing inside diameter should also be checked.

*Tensile area calculated at root of thread ¥/, inch from pin shoulder.
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By
&

4y
s

3y,
4y,

Kelly Size

3.
31

21
3"

205
1.50"
.65°
1.25°
Small
contact Wid
1300 - ¥ide
anglo / pattern
1.05°
1.15°
80" Flat surface
no curvature
95 Square
70" ‘ [777774 Hexagonal
| C 1] .
0 25 B0 .76 100 125 150 175 200 225 \ \ } /
Maxdmum Wear Patltern Width {inches) |

Note: The maximum Wear Pattern Width is the average of the Wear Pattern Widths

based on calculations using minimum and maximum clearances and coniact angles contact angle.
in Table 16 and is accurate within 5 percent.

Figure 33—New Kelly-New Drive Assembly

Table 16—Contact Angle Between Kelly and Bushing for
Development of Maximum Width Wear Pattern

Note: Drive Edge will have a wide flat pattern with small

Figure 34—New Kelly-New Drive Assembly

o @ &) 4) ) © ™ ® ©®
Hexagon Square

Kelly For Minimum Contact For Maximum Contact For Minimum Contact For Maximum Contact
Size Clearance Angle Clearance Angle Clearance Angle Cleanmoes Angle

i i Deg. Min. in. Deg. Min. in. Deg. Min. in. Deg. Min.
24, —_ — — — 015 1y 107 16°29°
3 015 54T 060 112 015 5°3¢° 107 15°%
3, 015 516 060 10°32 015 5°14' 107 14°2
47, 015 4°4% 060 o3 015 4°48 123 13°36
5, 015 4219 060 837 015 4217 123 12°16'
6 015 42 060 g4 — — — _
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Table 17—Strength of Remachined Kellys!

m @ (€)) 1G] (5) (6} g ® %) (10}
Original R hined Lower Pin Connection Tensile Yield Torsional Yield Yield in Bending
Kelly Size Kelly Size Kelly Lower Pin Drive Lower Pin Drive Through Drive
and Type and Type Bore Size and oD Connection® Section Connection Section Section
. in, in. Style in. Ib. 1b. ft/lb fiflb b
4Y, Square 4 Square 2%, NC50 6, 1,344,200 834,400 55,500 36,200 47,800
@, IF)
4%, Square 4 Square 27, NCa6 oY, 1,011,500 834,400 38,300 36,200 47,800
“41F
5, Square 5 Square Y, s, IF Pl 1,924,300 1,217,600 92,700 65,000 90,200
5Y, Square 5 Square ¥, sY,FH 7 1,356,800 1,217,600 58,900 65,000 90,200
5, Hex 45}, Hex 3y, NC46 6Y, £09,800 1,077,100 30,600 68,600 74,000
“1F
5, Hex 5Hex 3, NCa6 T 809,800 1,196,800 30,600 78,500 83,300
@ 1F
51, Hex 5 Hex 3y, NC50 6, 999,900 1,077,600 40,800 71,100 78,400
@4, IF)
6 Hex 5, Hex 4 54, FH 7 1,189,500 1,443,400 51,300 109,100 119,900
6 Hex S, Hex 4, 54, IF Ty 1,669,200 1,371,500 80,400 103,800 116,200

1All values have a safety factor of 1.0 and are based on 110,000 psi minimum tensile yield (quenched and tempered) for connections and 90,000 psi minimum
tensile yield (normalized and tempered) for the drive section. Fully quenched and tempered drive sections will have higher values than those shown. Shear

strength is based on 57.7 percent of the minimum tensile yield strength.
#Tensile area calculated at root of thread %, inch from pin shoulder.
Note: Kelly bushings are normally available for kellys in above table.

weight of the collars, stabilizer, and bit. This load may be cal-
culated as shown in Equation 1. The bit and stabilizer weights
are either neglected or included with the drill collar weight.

P=[(LyxWy)+ (L xW)lK, 1)
where
P = submerged load hanging below this section of drill
pipe, b,

Ly, = length of drill pipe, ft.,
L, = length of drill collars, ft.,

W, = weight per foot of drill pipe assembly in air,
W, = weight per foot of drill collars in air,
K, = buoyancy factor—see Table 11.

Any body floating or immersed in a liquid is acted on by a
buoyant force equal to the weight of the liquid displaced. This
force tends to reduce the effective weight of the drill string
and can become of appreciable magnitude in the case of the
heavier muds. For example, from Table 11, a one-pound
weight submerged in a 14 Ib./gal. mud would have an appar-
ent weight of 0.786 1b.

Tension load data is given in Tables 2, 4, 6, and 8§ for the
various sizes, grades and inspection classes of drill pipe.

It is important to note that the tension strength values
shown in the tables are theoretical values based on mirimum
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areas, wall thickness and yield strengths. The yield strength
as defined in API specifications is not the specific point at
which permanent deformation of the material begins, but the
stress at which a certain total deformation has occurred. This
deformation includes all of the elastic deformation as well as
some plastic (permanent) deformation. If the pipe is loaded to
the extent shown in the tables it is likely that some permanent
stretch will occur and difficulty may be experienced in keep-
ing the pipe straight. To prevent this condition a design factor
of approximately 90 percent of the tabulated tension value
from the table is sometimes used; however, a better practice is
to request a specific factor for the particular grade of pipe
involved from the drill pipe supplier.

P,=P,x09 2

where
P, = maximum allowable design load in tension, Ib.,
P, = theoretical tension load from table, 1b.,
0.9 = aconstant relating proportional limit to yield
strength.

The difference between the calculated load P and the max-

imum allowable tension load represents the Margin of Over
Pull (MOP).
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MOP=P_—-P 3)

The same values expressed as a ratio may be called the
Safety Factor (SF).

SF= @

ol

The selection of the proper safety factor and/or margin of
over pull is of critical importance and should be approached
with caution, Failure to provide an adequate safety factor can
result in loss or damage to the drill pipe while an overly con-
servative choice will result in an unnecessarily heavy and
more expensive drill string. The designer should consider the
overall drilling conditions in the area, particularly hole drag
and the likelihood of becoming stuck. The designer must also
consider the degree of risk which is acceptable for the partic-
ular well for which the drill string is being designed. Fre-
quently, the safety factor also includes an allowance for slip
crushing and for the dynamic loading, which results from
accelerations and decelerations during hoisting.

Slip crushing is not a problem if slips and master bushings
are maintained. Inspection class also grades the pipe with
regard to slip crushing,

Normally the designer will desire to determine the maxi-
mum length of a specific size, grade and inspection class of
drill pipe which can be used to drill a certain well. By com-
bining Equation 1 and either Equation 2 or 3, the following
equations result:

P,x09 WL,
SFXWyxK, Wy

= Ldp (5)

and/or

P,x09-MOP WL,
W %K, Wap

=Ly ©

If the string is to be a tapered string, i.e., to consist of more
than one size, grade or inspection c¢lass of drill pipe, the pipe
having the lowest load capacity should be placed just above
the drill collars and the maximum length is calculated as
shown previously. The next stronger pipe is placed next in the
string and the W L term in Equation 5 or 6 is replaced by a
term representing the weight in air of the drill collars plus the
drill pipe assembly in the lower string. The maximum length
of the next stronger pipe may then be calculated. An example
calculation using the above formulas is included in 7.8.

7.5 COLLAPSE DUE TO EXTERNAL FLUID
PRESSURE

The drill pipe may at certain times be subjected to an exter-
nal pressure which is higher than the internal pressure. This
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condition usually occurs during the drill stem testing and may
result in collapse of the drill pipe. The differential pressure
required to produce collapse has been calculated for various
sizes, grades, and inspection classes of drill pipe and appears
in Tables 3, 5, 7, and 9. The tabulated values should be
divided by a suitable factor of safety to establish the allow-

able collapse pressure.

P.P
2 p 7
SF e @
where

P, = theoretical collapse pressure from tables, psi,

SF = safety factor,

P,. = allowable coilapse pressure, psi.

When the fluid levels inside and outside the drill pipe are
equal and provided the density of the drilling fluid is constant,
the collapse pressure is zero at any depth, i.e., there is no dif-
ferential pressure. If, however, there should be no fluid inside
the pipe the actnal collapse pressure may be calculated by the
following equation:

_Lw,
Pe 19.251 ®)
or
P, = LW, )
1
where
P_ = net collapse pressure, psi,
L = the depth at which P, acts, ft.,
W, = weight of drilling fluid, Ib/gal,
W, = weight of drilling fiuid, Ib/cu. ft.

If there is fluid inside the drill pipe but the fluid level is not
as high inside as outside or if the fluid inside is not the same
weight as the fluid outside, the following equation may be
used:

_LW,—(L-D)W,

P 19.251 1)
or
LW, (L-V)W/
where

Y = depth to fluid inside drill pipe, ft.,
W,' = weight of drilling fiuid inside pipe, Ib/gal,
W, = weight of drilling fluid inside pipe, Ib/cu ft.
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7.6 INTERNAL PRESSURE

Occasionally the drill pipe may also be subjected to a net
intemnal pressure. Tables 3, 5, 7, and 9 contain calculated val-
ues of the differential internal pressure required to yield the
drill pipe. Division by an appropriate safety factor will result
in an allowable net internal pressure,

7.7 TORSIONAL STRENGTH

The torsional strength of drill pipe becomes critical when
drilling deviated holes, deep holes, reaming, or when the pipe
is stuck. This is discussed under Sections 8 and 12. Calcu-
lated values of torsional strength for various sizes, grades, and
inspection classes of drill pipe are provided in Tables 2, 4, 6,
and 8. The basis for these calculations is shown in Appemdix
A. The actual torque applied to the pipe during drilling is dif-
ficult to measure, but may be approximated by the following
equation:

_ HPx5,250
~  RPM

T (12)

where
T = torgue delivered to drill pipe, ft-lbs,
HP = horse power used to produce rotation of pipe,
RPM = revolutions per minute.
Note: The torque applied to the drill string should not exceed the actual tool

joint make-up torque. The recommended tool joint make-uy torque is shown
in Table 10.

7.8 EXAMPLE CALCULATION OF ATYPICAL
DRILL STRING DESIGN—BASED ON MARGIN
OF OVERPULL

Design parameters are as follows:
a. Depth—12,700 feet.

b. Hole size—7"/; inches.
¢. Mud weight—10 Ib/gal.

d. Margin of overpull (MOP)»—50,000 1b. (assumed for this
calculation).

e. Desired safety factor in collapse—1Y/; (assumed for this
calculation).
f. Drill collar data:

1. Length—630 feet.

2. OD—6'Y, inches.

3. ID—2Y, inches.

4. Weight per foot—90 b,

If the Iength of drill collars is not known, the following for-
mula may be used:

Bit,,,
COSOLX NP X ky X W _

1, =

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

where
L. = length of drill collars, feet,
Bit,,, = maximum weight on bit, Ib,
@ = hole angle from vertical, 3 degrees,
NP = neutral point design factor determines neutral
point position e.g., .85 means the neutral point
will be 85 percent of the drill collar string length

measured from the bottom (.85 assumed for this
calculation),

K, = buoyancy factor, see Table 11,
weight per foot of drill collars in air, Ib,
40,000
998 x .85%.847x 90"
618 feet, closest length based on 30 foot collars,
= 630 feet or 21 drill collars.

=
I}

g. Drill string size: weight and grade-—4Y/, in. x 16.60 1b/ft x
Grade E75, with 4'/, in., NC46 tool joints, 6Y, in. OD x 3,
in. ID, Inspection Class 2,

From Equation 5:

_ (P4X9)-MOP W,.xL,

L, =
! W %X K, Wi
_ (225,771 x.9) - 50,000 90 630
- 18.37 x .847 18.37

= 9846 — 3087 = 6759 feet

It is apparent that drill pipe of a higher strength will be
required to reach 12,700 feet. Add 4/, in. x 16.60 Ib/ft Grade
X-95, with 4!/, in. X.H. tool joints, 6%/, in. OD x 3 in, ID
(18.88 Ib/ft) Inspection Class Premium.

Air weight of Number 1 drill pipe and drill collars:

Total weight = (L, x W) + (L, xW)
= (6759 x 18.37) + (630 x 90)

= 124,163 + 56,700 = 180,863 Ib.

From Equation 5:

(PeX.9)-MOP (Lypi X W) +(L. X W)

L =
dp2 W, %K, W
_ (329,542%.9) - 50,000 180,863
B 18.88 x .847 18.88

15,420 — 9580 = 5840 feet
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This is more drill pipe than required to reach 12,700 feet,
so final drill string will consist of the following:

Weight in
Weight 101b/gal
Length in Air Mud
Ttem (feet) (pounds) (pounds)
Drill Collars
64" O.D. x24," LD. 630 56,700 18,025
No. 1 Drill Pipe
4Y,* x 16.60 1b,
Grade E75, Class 2 6759 124,163 105,166
No. 2 Drill Pipe
4Y," x 16.60 b,
Grade X-95,
Premium Class 5311 100272 84,930
12,700 281,135 238,121

Torsional Yield of 4'/," x 16.60 b x Grade E75 x Inspection
Class 2 = 20,902 ft-b.

Collapse Pressure of 44/," x 16.60 1b x Grade E75 x Inspec-
tion Class 2 = 5951 psi.

Collapse pressure of 4'/," x 16.60 Ib x Grade X-95 x Pre-
mivm Inspection Class = 8868 psi.

From Equation 8:

. Lw,
Pressure atbuttomofdullplpe. Pc_ m,

L= 12,070 feet, W, = 10 Ib/gal,

12,070 x 10 .
Pc— Tz'gl— —6270p81

Therefore, this drill pipe has a lower collapse pressure than
may be encountered in drilling to 12,700 feet. Precautions
should be taken to prevent damage to the drill pipe when run-
ning the string dry below 10,183 feet. This is determined by
solving Equation 8 for maximum length of drill pipe, and
dividing by the safety factor in collapse of 1'/g:

_ P,x19.251

o tL12S
5951 %19.251 |
= - £ 1.125

=11,456 + 1.125 = 10,183 feet
7.9 DRILL PIPE BENDING RESULTING FROM
TONGING OPERATIONS

It is generally known that the tool joint on a length of drill
pipe should be kept as close to the rotary skips as possible dur-
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ing make-up and break-out operations to prevent bending of
the pipe.

There is a maximum height that the tool joint may be posi-
tioned above the rotary slips and the pipe to resist bending,
while the maximum recommended make-up or break-out
torque is applied to the tool joint.

Many factors govern this height limitation. Several of these
which shouid be taken into most sertous consideration are:

a. The angle of separation between the make-up and break-
out tongs, illustrated by Case I and Case I, Figure 35. Case I
indicates tongs at 90 degrees and Case II indicates tongs at
180 degrees.

b. The minimum yield strength of the pipe.

¢. The length of the tong handle.

d. The maximum recommended make-up torque.

053 YLy (/O)

T a3

_ 038 Y Ly (I/C)

H.. T

(Case Il) (14)

where
H,.. = height of tool joint shoulder above ships, ft.,
¥,, = minimum tensile yield stress of pipe, psi,
L; = tong arm length, &.,
P = line pull (load), Ibs,
T = make-up torque applied to tool joint (P,Ly), ft-Ib,
IC = section modulus of pipe—in®. (see Table 18).

Constants 0.053 and 0.038 include a factor of 0.9 to reduce
¥, to proportional limit (see 7.3).

Sample calculation:

Assume: 4Y,-in., 16.60 1b/ft, Grade E drill pipe, with
4Y/,-in. X.H. 6/ ,in. OD, 3'/,-in. ID tool joints.

Tong arm 3/t
Tongs at 90 (Case I).
Using Equation 13:
g = 053 (¥.) (UC) (L1)
X T L]
¥,, = 75,000 psi (for Grade E),
C = 4.27in® (Table 18),
L, = 354,
T = 16997 ft-1b (from Table 10),
H = 053(75,000)(4.27)(3.5) _ 3.4 ft.

16,997
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Table 18—Section Modulus Values

4] ) (£}
Pipe Pipe Weight
QD Nominal nc
in. Ibs/ft cu. in.
2%, 4.85 .66
6.65 0.87
2y 6.85 112
10.40 1.60
3, 9.50 1.96
13.30 2.57
15.50 292
4 11.85 2.70
14.00 322
15.70 3.58
4, 1375 3.59
16.60 427
20,00 5.17
2282 5.68
24.66 6.03
25.50 6,19
5 1625 4.86
19.50 571
2560 7.25
54, 19.20 6.11
2190 7.03
24.70 7.84
(A 25.20 979
P
2
e br =2
Hunax P P
_Y
Case |
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8 Limitations Related to Hole Deviation
8.1 FATIGUE DAMAGE

Most drill pipe failures are a result of fatigue (see 11.2).
Drill pipe will suffer fatigue when it is rotated in a section of
hole in which there is a change of hole angle and/or direction,
commeonly called a dogleg. The amount of fatigue damage
which results depends on the following:

8.1.1 Tenslle Load in the Pipe at the Dogleg
Following is an example calculation:

a Data:
1. 4Y/inch, 16.60 Ib/ft, Grade E, Range 2 drill pipe (actual
weight in air including tool joints, 17.8 Ib/ft) 7%/,-inch OD,
24 inch ID drill collars (actual weight in air 147 Ib/ft).

. 15 Ib/gal {112.21 Ib/cu. ft) mud.

- (buoyancy factor =0.771)

. Dogleg depth: 3,000 ft.

. Anticipated total depth: 11,600 ft.

. Drill collar length: 600 ft.

. Drill pipe length at total depth: 11,000 ft.

8. Length of drill collar string, whose buoyant weight is

in excess of the weight on bit: 100 ft.

b. Solution:
Tensile load in the pipe at the dogleg:

[xo]

~ ot AW

[(11,000-3,000) 17.8 + 100x 147] 0.771 = 121,124 b

L-r /P

Case ll

Figure 35—Maximum Height of Tool Joint Above Slips to Prevent Bending During Tonging

I nformati on Handl i ng Servi ces,
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8.1.2 The Severity of the Dogleg

The number of cycles experienced in the dogleg, as well as
the mechanical dimensions and properties of the pipe itself.

Because tension in the pipe is critical, a shallow dogleg in a
deep hole often becomes a source of difficulty. Rotating off
bottom is not a good practice since additional tensile load
results from the suspended drill collars. Lubinski! and
Nicholson? have published methods of calculating forces on
tool joints and conditions necessary for fatigue damage to
occur. Referring to Figures 36 and 37, note that it is necessary
to remain to the left of fatigue curves to reduce fatigue dam-
age. Programs to plan and drill wells to minimize fatigue
have been reported by Schenck?® and Wilson®. Such programs
are necessary to reduce fatigue damage.

The curves on Figures 36, 37, and 38 (also Figures 41, 42,
and 43) are for Range 2 drill pipe, i.e. for joint lengths of 30
feet. This length has an effect on the curves. Information is
available on fatigue of Range 3 (45 feet) drill pipe.’* The
curves on Figures 36, 37, and 38 are independent of tocl joint
OD; however, the portion of the curve for which there is pipe-
to-hole contact between tool joints (dashed lines on Figures
36 and 38) becomes longer when tool joint OD becomes
smaller, and conversely.

The advent of electronic pocket calculators makes it casy
to use the following equations instead of the curves in Figures
36 and 37.'4

. o 432,000 8 tanhKL
T = ED KL

= 7
K = / 7 (16)
where

¢ = maximum permissible dogleg severity (hole cur-
vature}, degrees per 100 feet,
E = Young’s modulus, psi,
= 30 x 106 psi, for steel,
= 10.5 x 106 psi, for aluminum,
D = drill pipe OD, inches,
L = half the distance between tool joints, inches,
= 180 inches, for Range 2.
Note: Ezuation 15 does not hold true for Range 3.14
T = buoyant weight (including tool joints) suspended
below the dogleg, pounds,
8, = maximum permissible bending stress, psi,
I = drill pipe moment of inertia with respect to its
diameter, in.*, calculated by Equation 17.

(15)

== (D*-dY, [13))

X
64
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where
D = ddill pipe OD, inches,
d = drill pipe ID, inches.
The maximum permissible bending stress, 8,, is calculated

from the buoyant tensile stress, 8, (psi), in the dogleg with
Equations 19 and 20 below. §, is calculated with Equation 18:

I
8 =2 (18)

where
A = cross sectional area of drill pipe body, square inches.

For Grade E:*

8, = 19,500 — ;—2 8,-—26_ (5 _335000 (19

(670)*

Equation 19 holds true for values of 8, up to 67,000 psi.
For Grade §-135:2

G, = 2000(1_ s ) 20)

145,600

Equation 20 holds true for values of up to 133,400 psi.
The following equation may be used instead of Figure 38:

_ 108,000 F
nL

2

c

hi

in which F is the lateral force on tooi joint (1000, 2000, or
3000 pounds in Figure 38), and the meaning of the other sym-
bols is the same as previously.

82 REMEDIAL ACTION TO REDUCE FATIGUE

H doglegs of sufficient magnitude are present or suspected,
it is good practice to string ream the dogleg area. This reduces
the severity of the hole angle change. With reference to Fig-
ure 40, the fatigue life of drill pipe will be decreased consid-
erably when it is used in a corrosive drilling fluid. For many
water-base drilling fluids, the fatigue life of steel drill stems
may be increased by maintaining a pH of 9.5 or higher. Refer
to 10.1.4 for description of a corrosion monitoring system.

Several methods are available for monitoring and control-
ling the corrosivity of drilling fluids. The most commonly
used monitoring technique is the use of a corrosion ring
inserted in the drill stem. For a description of this technique
see API Recommended Practice 13B-1, Recommended Prac-
tice Standard Procedure for Field Testing Water-Based Drill-
ing Fliuids.
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100

150

200

Buoyant Weight Suspended Below the Dogleg
Thousands of Pounds

250

400

Dogleg Severity-Degraes Per 100 Feet

0 1 2 3 4 5 6
[ i i | |
In comosive environments, reduce dogleg severity to a fraction
—  {0.6 for very savere conditions) of the indicated value. —
// / /
Region of no /
fatigue damage
/
| Region of
fatigue damage m
| *Tool joint plus drill pipe
all Range 2. ]
| I | I ]
Note:

Dashed curve cerresponds to condition when drill pipe contacts
the hole betwaen tool joints, and then the pemmissible dogleg
severity is greater than indicated.

Figure 36—Dogleg Severity Limits for Fatigue of Grade E75 Drill Pipe
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Buoyant Weight Suspended Below the Dogleg
Thousands of Pounds
[4)
3

8

700

Dogleg Severity-Degrees Per 100 Feet

1 2 3 4 5 6

I | I 1 | I P
In comosive environments, reduce dogleg severity to & fraction -
(0.8 for very savere conditions) of the indicated value. /--""
// —

P

Region of no
fatigue damage

N\

///

<

Region
fatigue

of
damage

*Tool joint plus drill pipe

all Rangs 2.

Figure 37—Dogleg Severity Limits for Fatigue of S-135 Drill Pipe
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Dogleg Severity-Degrees Per 100 Feet
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MNaote:

Dashed curves correspond to condition when drill pipe may
contact the hole betweon tool joints, and then the permissible

dogleg severity may be greater than indicated.
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Figure 38—Lateral Force on Tool Joint
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8.3 ESTIMATION OF CUMULATIVE FATIGUE Percent Fatigue Life
DAMAGE Expended in a 30 Foot Interval
3y 4% 5 0 50 100
Hansford and Lubinski® have developed a method for esti- T 1 1
mating the cumulative fatigue damage to joints of pipe which 2 |
have been rutated through severe doglegs (see Figures 39 and 2 )
40), While insufficient field checks of the results of this a | I, I® Bogieg Saverty
method have been made to verify its reliability, it is available - Degress Per 100 Feet]
as a simple analytic device to use as a guide in the identifica- ‘E {1 ] AN \\
tion of suspect joints. A correction formula to use for other g 1 {1 e \\\\ 1o
penetration rates and rotary speeds is as follows: 8 1t 1% \\\ N
2111 OB
% Life Expended = % Life Expended from = Tt 1% \ \\\\\ g ____-"""'"--
% 1 :150 1 \A B ™17 D
Figure 39 or 40 x =21 171 NI o ;"""--..
8 ol \o N | T
Actual RPM 10 ft/hr g 1ol | T
100RPM ~ Actual fi/hr N v \ L
8.4 IDENTIFICATION OF FATIGUED JOINTS 4 3 L
As mentioned, insufficient data is available to verify the For:
resuits of the method explained in 8.3. However, it is the only sthlélplr?ta 3%, 4%" fgg 5'"(“7"':;?"'5
method presently available for estimating cumulative fatigue rate, 10 m » 100 rpm; driling

damage and should be used if it is possible to identify and
classify fatigued joints. The difficulty lies in identifying and
recording each separate joint fatigue history. Joints which
have been calculated to have more than 100 percent of their
fatigue life expended should be carefully examined and, if not

Figure 39—Fatigue Damage in Gradual Doglegs
(Noncorrosive Envircnment)

downgraded or abandoned, watched as closely as possible. Percent Fatigue Life
Such consideration should be finally governed by experience S 4 5 0 Expended in goao Foot Interval 100
factors until such time as the analytical method for fatigue T ] L S S M
. . o : B Dogleg Severity  _
prediction gains more reliability. > | 9 Degraes Par 100 Foet
% | N
8.5 WEAR OF TOOL JOINTS AND DRILL PIPE a8 1 Ip1® = 10
z ] \\\ i

When drill pipe in a dogleg is in tension it is pulled to the 2 P NN ~d8 1 1
inside of the bend with substantial force. The lateral force will ] 1 T N Ll
increase the wear of the pipe and tool joints. When abrasion is E 1 o N\ N ~.ls] [
a problem it is desirable to limit the amount of lateral force to g 1 7 N\ o -
less than about 2000 Ib on the tool joints by controlling the i IR ™ AR N 5
rate of change of hole angle. Values either smaller or greater 2 - \ N ]
than 2000 Ib might be in order, depending on formation at the z 150 X\ ~ 2
dogleg. Figure 38 shows curves for 1000, 2000, or 3000 Ib €1 A ==
lateral force on the tool joints; points to the left of these g1 ]
curves will have less lateral force, and points to the right more 8 1% Lo —~— S
lateral force on the tool joints. Figures 41, 42, 43, and 44, 1 o [ s, -
developed by Lubinski, show lateral force curves for both 1 ] =
tool joints and drill pipe for three popular pipe sizes. The first ]
three figures are for three pipe sizes, Range 2. Figure 44 is for For: e gy ]
5-inch, 19.5 Ib per foot, Range 3 drill pipe. ﬂg&;’m: fggmmﬁ;
8.5.1 For conditions represented by points located to the rata, 10 feethour.
left of Curve No. 1, such as Point A in Figure 41, only tool Figure 40—Fatique Damage in Gradual le
joints and not drill pipe between tool joints contact the wall of b i Extremgly Comoone Ewimnmegt‘;g s

the hole. This should not be construed to mean the drill pipe
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body does not wear at all, as Figure 41 is for a gradual and not
for an abrupt dogleg. In an abrupt dogleg, drill pipe does con-
tact the wall of the hole half way between tool joints, and the
pipe body is subjected to wear. This lasts until the dogleg is
rounded off and becomes gradual.

8.5.2 For conditions represented by points located on
Curve No. 1, theoretically the drill pipe contacts the wall of
the hole with zero force at the midpoint between tool joints.

8.5.3 For conditions represented by points located between
Curve No. 1 and Curve No. 2, theoretically the drill pipe still
contacts the wall of the hole at midpoint only, but with a force
which is not equal to zero. This force increases from Curve
No. 1 toward Curve No. 2. Practically, of course, the contact
between the drill pipe and the wall of the hole will be along a
short length located near the midpoint of the joint.

8.5.4 For conditions represented by points located to the
right of Curve No. 2, theoretically the drill pipe contacts the
wall of the hole not at one point, but along an arc with
increasing length to the right of Curve No. 2.

On each of the Figures 41, 42, 43, and 44, there are in addi-
tion to curves No. 1 and No. 2, two families of curves: one for
the force on tool joing, and the other for the force on drill pipe
body. As an example, consider Figure 41; Point B indicates
that if the buoyant weight suspended below the dogleg is
170,000 b, and if dogleg severity (hole curvature) is 10.1
degrees per 100 feet, then the force on tool joint is 6000 Ib,
and the force on drill pipe body is 3000 1b.

8.6 HEAT CHECKING OF TOOL JOINTS

Tool joints which are rotated under high lateral force
against the wall of the hole may be damaged as a result of
friction heat checking. The heat generated at the surface of
the tool joint by friction with the wall of the hole when under
high radial thrust loads may raise the temperature of the tool
joint steel above its critical temperature. Metallurgical exami-
nation of such joints has indicated affected zones with vary-
ing hardness as much as 3/,.in. below OD surface. If the
radial thrust load is sufficiently high, surface heat checking
can occur in the presence of drilling mud alternately being
heated and quenched as it rotates. This action produces
numerous irregular heat check cracks often accompanied by
longer axial cracks sometimes extending through the full sec-
tion of the joint and washouts may occur in these splits or
windows. (See Lubinski, “Maximum Permissible Dog Legs
in Rotary Boreholes,” Journal of Petroleum Technelogy,
1961.)! Maintaining hole angle control so that 2000 Ib lateral
force is not exceeded will minimize or eliminate heat check-
ing of tool joints.
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9 Limitations Related To Floating Vessels

9.1 All possible steps should be taken to avoid subjecting
drill pipe to fatigue; i.e., to cyclic stresses due to rotation of
the drill string under bending and tension. Two major factors
which are specific to drilling from a floater that contribute to
fatigue of drill pipe are as follows:

9.1.1 The rotary table is not centered at all times exactly
above the subsea borehole.

9.1.2 The derrick is not always vertical but follows the roll
and pitch motions of the floater.

9.2 This text pertains to prevention of fatigue due to factor
b, above. When the derrick is inclined during a part of the roll
or pitch motion, the upper extremity of the drill string is not
vertical while the drill pipe at some distance below the rotary
table remains vertical. Thus the drill string is bent. As drill
pipe is much less rigid than the kelly, most of the bending
occurs in the first length of drill pipe below the kelly. This
subject is studied in a paper titled, The Effect of Drilling Ves-
sel Pitch or Roll on Keily and Drill Pipe Fatigue, by John E.
Hansford and Arthur Eubinski.§

9.3 Based on the Hansford and Lubinski paper®, the foliow-
ing practices are recommended to minimize bending and,
therefore, fatigue of the first joint of drill pipe, due to roll and/
or pitch of a floater.

9.3.1 Multiplane bushings should pot be used. Either a
gamboled kelly bushing, or a one-plane roller bushing is pref-
erable.

9.3.2 An extended length kelly should be used to relieve
the severe bending of the limber drill pipe through less severe
bending of the rigid kelly extension. This extension may be
accomplished by any of the following means:

a. For Range 2 drill pipe, use a 54-foot kelly which is ordi-
narily used with Range 3 pipe, rather than the usual 40-foot
kelly.

b. Use a specially made kelly at least 8 feet longer than the
standard length.

¢. Use at least 8 feet of kelly saver subs between the kelly
and drill pipe.

833 If b, above, is not implemented, avoid rotating off
bottom with the kelly more than half way up for long periods
of time if the maximum angular vessel motion is more than 5
degrees single amplitude. In this text, long periods of time
are:

a. More than 30 minutes for large hookloads.
b. More than 2 hours for light hookloads.

9.3.4 If conditions prevent implementing b or c, above, the
first joint of drill pipe below the kelly should be removed
from the string at the first opportunity and discarded.
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10 Drill Stem Corrosion and Sulfide
Stress Cracking

10.1 CORROSION
10.1.1 Corrosive Agents

Corrosion may be defined as the alteration and degradation
of material by its environment. The principal corrosive agents
affecting drill stem materials in water-base drilling fluids are
dissolved gases (oxygen, carbon dioxide, and hydrogen sul-
fide), dissolved salts, and acids.

10.1.1.1 Oxygen

Oxygen is the most common corrosive agent. In the pres-
ence of moisture it causes rusting of steel, the most common
form of corrosion. Oxygen causes uniform corrosion and pit-
ting, leading to washouts, twistoffs, and fatigue failures.
Since oxygen is soluble in water, and most drilling fluid sys-
tems are open to the air, the drill stem is continually exposed
to potentially severe corrosive conditions.

10.1.1.2 Carbon Dioxide

Carbon dioxide dissolves in water to form a weak acid
(carbonic acid) that corrodes steel in the same manner as
other acids (by hydrogen evolution), unless the pH is main-
tained above 6. At higher pH values, carbon dioxide corrosion
damage is similar to oxygen corrosion damage, but at a
slower rate. When carbon dioxide and oxygen are both
present, however, the corrosion rate is higher than the sum of
the rates for each alone.

Carbon dioxide in drilling fluids may come from the
makeup water, gas bearing formation fluid inflow, thermal
decomposition of dissolved salts and organic drilling fluid
additives, or bacterial action on organic material in the
makeup water or drilling fluid additives.

10.1.1.3 Hydrogen Sulfide

Hydrogen sulfide dissolves in water to form an acid some-
what weaker and less corrosive than carbonic acid, although it
may cause pitting, particularly in the presence of oxygen and/
or carbon dioxide. A more significant action of hydrogen sul-
fide is its effect on a form of hydrogen embrittlement known
as sulfide stress cracking (see 10.2 for details).

Hydrogen sulfide in drilling fluids may come from the
makeup water, gas-bearing formation fluid inflow, bacterial
action on dissolved sulfates, or thermal degradation of sulfur-
containing drilling fluid additives.
10.1.1.4 Dissolvad Salts

Dissolved salts (chlorides, carbonates, and sulfates)
increase the electrical conductivity of drilling fluids. Since
most corrosion processes involve electrochemical reactions,
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the increased conductivity may result in higher corrosion
rates. Concentrated salt solutions are usually less corrosive
than dilute solutions; however, because of decreased oxygen
solubility. Dissolved salts also may serve as a source of car-
bon dioxide or hydrogen sulfide in drilling fluids.

Dissolved salts in drilling fluids may come from the
makeup water, formation fluid inflow, drilled formations, or
drilling fluid additives.

10.1.1.5 Acids

Acids corrode metals by lowering the pH (causing hydro-
gen evolution) and by dissolving protective films. Dissolved
oxygen appreciably accelerates the corrosion rates of acids,
and dissolved hydrogen sulfide greatly accelerates hydrogen
embrittlement.

Organic acids (formic, acetic, etc.) can be formed in drill-
ing fluids by bacterial action or by thermal degradation of
organic drilling fluid additives. Organic acids and mineral
acids (hydrochloric, hydrofluoric, etc.) may be used during
workover operations or stimulating treatments.

10.1.2 Factors Affecting Corrosion Rates

Among the many factors affecting corrosion rates of drill
stem materials the more important are:

10.1.2.1 pH

This is a scale for measuring hydrogen ion concentration.
The pH scale is logarithmic; i.e., each pH increment of 1.0
represents a tenfold change in hydrogen ion concentration.
The pH of pure water, free of dissolved gases, is 7.0. pH val-
ues less than 7 are increasingly acidic, and pH values greater
than 7 are increasingly alkaline. In the presence of dissolved
oxygen, the corrosion rate of steel in water is relatively con-
stant between pH 4.5 and 9.5; but it increases rapidly at lower
pH values, and decreases slowly at higher pH values. Alumi-
num alloys. however, may show increasing corrosion rates at
pH values greater than 8.5.

10.1.2.2 Temperature

In general, corrosion rates increase with increasing temper-
ature.
10.1.23 Velocity

In general, corrosion rates increase with higher rates of
flow.
10.1.24 Heterogeneity

Localized variations in composition or microstructure may
increase corrosion rates. Ringworm corrosion, that is some-
times found near the upset areas of drill pipe or tubing that
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has not been properly heat treated after upsetting, is an exam-
ple of corrosion caused by nonumiform grain structure,

10.1.2.5 High Stresses

Highly stressed areas may corrode faster than areas of
lower stress. The drill stem just above drill coliars often
shows abnormal corrosion damage, partially because of
higher stresses and high bending moments.

10.1.3 Corrosion Damage {(Forms of Corrosion)

Corrosion can take many forms and may combine with
other types of damage (erosion, wear, fatigue, etc.) to canse
extremely severe damage or failure, Several forms of corro-
sion may occur at the same time, but one type will usually
predominate. Knowing and identifying the forms of corrosion
can be helpful in planning corrective action. The forms of
corrosion most often encountered with drill stem materials
are:

10.1.3.1 UnHorm or General Attack

During uniform attack, the material corrodes evenly, usu-
ally leaving a coating of corrosion products. The resuliing
loss in wall thickness can lead to failure from reduction of the
material’s load-carrying capability.

10.1.3.2 Localized Attack (Pitting)

Corrosion may be localized in small, well-defined areas,
causing pits. Their number, depth, and size may vary consid-
erably; and they may be obscured by corrosion products. Pit-
ting is difficult to detect and evaluate, since it may occur
under corrosion products, mill scale and other deposits, in
crevices or other stagnant areas, in highly stressed areas, etc.
Pits can cause washouts and can serve as points of origin for
fatigue cracks. Chlorides, oxygen, carbon dioxide, and hydro-
gen sulfide, and especially combinations of them, are major
contributors to pitting corrosion.

10.1.3.3 Erosion-Corrosion

Many metals resist corrosion by forming protective oxide
films or tightly adherent deposits. If these films or deposits
are removed or disturbed by high-velocity fluid flow, abrasive
suspended solids, excessive turbulence, cavitation, etc., accel-
erated attack occurs at the fresh metal surface. This combina-
tion of erosive wear and corrosion may cause pitting,
extensive damage, and failure.

10.1.3.4 Fatigue in a Corrosive Environment
{Cormosion Fatigue)

Metals subjected to cyclic stresses of sufficient magnitude
will develop fatigue cracks that may grow until complete fail-
ure occurs. The limiting cyclic stress that a metal can sustain
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for an infinite number of cycles is known as the fatigue limit.
Remedial action for reducing drill stem fatigue is discussed in
Section 8.

In a corrosive environment no fatigue limit exists, since
failure will wltimately occur from cosrosion, even in the
absence of cyclic stress. The cumulative effect of corrosion
and cyclic stress (corrosion fatigue) is greater than the sum of
the damage from each. Fatigue life will always be less in a
corrosive environment, even under mildly corrosive condi-
tions that show little or no visible evidence of corrosion.

10.1.4 Detecting and Monitoring Corrosion

The complex interactions between various corrosive agents
and the many factors controlling corrosion rates make it diffi-
cult to accurately assess the potential corrosivity of a drilling
fluid. Various instruments and devices such as pH meters,
OXygen meters, corrosion meters, hydrogen probes, chemical
test kits, test coupons, etc. are available for field monitoring
of corrosion agents and their effects.

The monitoring system ‘described in Appendix A of API
Recommended Practice 13B-1, Recommended Practice Stan-
dard Procedure for Field Testing Water-Based Drilling Fluids,
can be used to evaluate corrosive conditions and to follow the
effect of remedial actions taken to correct undesirable condi-
tions. Preweighed test rings are placed in recesses at the back
of tool joint box threads at selected locations throughout the
drill stem, exposed to the drilling operation for a period of
time, then removed, cleaned, and reweighed. The degree and
severity of pitting observed may be of greater significance
than the weight loss measurement.

The chemical testing of drilling fluids (see API Recom-
mended Practices 13B-1 and 13B-2) should be performed in
the field whenever possible, especially tests for pH, alkalinity,
and the dissolved gases {oxygen, carbon dioxide, and hydro-
gen sulfide).

10.1.5 Procurement of Samples for Laboratory
Testing

‘When laboratory examination of drilling fluid is desired,
representative samples should be collected in a i/, to 1 gallon
(2 to 4 liter) clean container, allowing an air space of approx-
imately 1 percent of the container volume and sealing tightly
with a suitable stopper. Chemically resisting glass, polyeth-
ylene, and hard rubber are suitable materials for most drili-
ing fluid samples. Samples should be analyzed as soon as
possible, and the elapsed time between collection and analy-
sis reported. See ASTM D3370, Standard Practices for Sam-
pling Water, for guidance on sampling and shipping
procedures.

When laboratory examination of cotroded or failed drill
stem material is required, use care in securing the specimens.
If torch cutting is needed, do it in a way that will avoid physi-
cal or metallurgical changes in the area to be examined. Spec-
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imens must not be cleaned, wire brushed, or shot blasted in
any manner; and should be wrapped and shipped in a way
that will avoid damage to the corrosion products or fracture
surfaces. Whenever possible, both fracture surfaces should be
supplied.

10.1.6 Drill Pipe Coatings

Internaily coating the drill pipe and attached tool joints can
provide effective protection against corrosion in the pipe
bore. In the presence of corrosive agents, however, the corro-
sion rate of the ddll stem OD may be increased. Drill pipe
coating is a shop operation in which the pipe is cleaned of all
grease and scale, sand or grit blasted to white metal, plastic
coated, and baked. After baking, the coating is examined for
breaks or holidays.

10.1.7 Corrective Measures to Minimize Corrosion
in Water-Base Drilling Fluids

The selection and control of appropsiate corrective mea-
sures is uswally performed by competent corrosion technolo-
gists and specialists. Generally, one or more of the following
measures is used, but certain conditions may require more
specialized treatments:

a. Control the drilling fluid pH. When practical to do so with-
out upsetting other desired fluid properties, the maintenance
of a pH of 9.5 or higher will minimize corrosion of steel in
water-base systems containing dissolved oxygen. In some
drilling fiuids, however, corrosion of aluminum drill pipe
increases at pH values higher than 8.5.

b. Use appropriate inhibitors and/or oxygen scavengers to
minimize weight loss corrosion. This is particularly helpful
with low pH, low solids drilting fluids. Inhibitors must be
carefully selected and controlled, becaunse different comrosive
agents and different drilling fluid systems (particularly those
used for air or mist drilling) require different types of inhibi-
tors. The use of the wrong type of inhibitor, or the wrong
amount, may actually increase comosion.

¢. Use plastic coated drill pipe. Care must be exercised to
prevent damage to the coating.

d. Use degassers and desanders to remove hanmnful dissolved
gases and abrasive material.

e. Limit oxygen intake by maintaining tight pump connec-
tions and by minimizing pit-jetting.

f. Limit gas-cutting and formation fluid inflow by maintain-
ing proper drilling fluid weight.

g. When the drilt string is laid down, stored, or transported,
wash out all drilling fluid residues with fresh water, clean out
all corrosion products (by shot blasting or hydroblasting, if
necessary), and coat all surfaces with a suitable corrosion pre-
ventive (see API Recommended Practice 5C1, Recommended
Practice for Care and Use of Casing and Tubing).

10.1.8 Extending Cormrosion Fatigue Life

While generally not affecting corrosion rates, the following
measures will extend corrosion fatigue life by lowering the
cyclic stress intensity or by increasing the fatigue strength of
the material:

a. Use thicker-walled components.

b. Reduce high stresses near connections by minimizing dog-
legs and by maintaining straight hole conditions, insofar as
possible.

¢. Minimize stress concentrators such as slip marks, tong
marks, gouges, notches, scratches, etc. ’
d. Use quenched and tempered components.

10.2 SULFIDE STRESS CRACKING

10.2.1 Mechaniem of Sulfide Stress Cracking
{SSC)

In the presence of hydrogen sulfide (H,S), tensile-foaded
drill stem components may suddenly fail in a brittle manner
at a fraction of their nominal load-carrying capability after
performing satisfactorily for extended periods of time. Failure
may occur even in the apparent absence of corrosion, but is
more likely if active corrosion exists. Embrittlement of the
steel is cansed by the absorption and diffusion of atomic
hydrogen and is much more severe when H,S is present. The
brittle failure of tensile-loaded steel in the presence of H,S is
termed sulfide stress cracking (SSC).

10.2.2 Materials Resistant to SSC

The latest revision of NACE Standard MR-01-75, Sulfide
Stress Cracking Resistant Metallic Material for Oil Field Equip-
ment, should be consulted for materials that have been found to
be satisfactory for drilling and well servicing operations.

Other chemical compositions, hardnesses, and heat treat-
ments should not be used in sour environments without fully
evaluating their SSC susceptibility in the environment in
which they will be used. Susceptibility to SSC depends on the
following:

10.2.2.1 Strength of the Steel

‘The higher the strength (hardness) of the steel, the greater is
the susceptibility to SSC. In general, steels having strengths
equivalent to hardnesses up to 22 HRC maximum are resistant
to SSC. If the chemical composition is adjusted to permit the
development of a well tempered, predominantly martensitic
microstructnre by proper quenching and tempering; steels
having strengths equivalent to hardnesses up to 26 HRC maxi-
mum are resistant to SSC. When strengths higher than the
equivalent of 26 HRC are required, comective measures (as
shown in a later section) must be used; and, the higher the
strength required, the greater the necessity for the comective
measures.
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10.22.2 Total Tensile Load (Stress) on the Steel

The higher the total tensile load on the component, the
greater is the possibility of failure by SSC. For each strength
of steel used, there appears to be a critical or threshold stress
below which SSC will not occur; however, the higher the
strength, the lower the threshold stress.

10.2.2.3 Amount of Atomic Hydrogen and H,S

The higher the amount of atomic hydrogen and H,S
present in the environment, the shorter the time before failure
by SSC. The amounts of atomic hydrogen and H,S required
to cause SSC are quite small, but comrective measures to con-
trol their amounts will minimize the atomic hydrogen
absorbed by the steel.

10.2.24 Time

Time is required for atomic hydrogen to be absorbed and
diffused in steel to the critical concentration required for
crack initiation and propagation to failure. By controlling the
factors referred to above, time-to-failure may be sufficiently
lengthened to permit the use of marginally susceptibie steels
for short duration drilling operations {see Figure 45).

10.2.2.5 Temperature

The severity of SSC is greatest at normal atmospheric tem-
peratures, and decreases as temperahire increases. At operat-
ing temperatures in excess of approximately 135°F (57°C),
marginally susceptible materials (those having hardnesses
higher than 22 to 26 HRC) have been used successfully in
potentially embrittling environments. (The higher the hard-
pess of the material, the higher the required safe operating
temperature.) Caution must be exercised, however—SSC fail-
ure may occur when the material returns to normal tempera-
ture after it is removed from the hole.

10.23 Corrective Measures to Minimize $SC in
Water-Base Drilling Fluids

The selection and control of appropriate corrective mea-
sures is usually performed by competent corrosion technolo-
gists and specialists. Generally, one or more of the following
measures is used, but certain conditions may require more
specialized treatments:

a. Centrol the drilling fluid pH. When practical to do so with-
out upsetting other desired fluid properties, maintain a pH of
10 or higher.

Note: In some drilling fluids, aluminum alloys show slowly increasing corro-
sion rates at pH values higher than 8.5; and the rate may become excessive at
pH values higher than 10.5. Therefore, in drill strings containing aleminum
drill pipe, the pH should not exceed 10.5.
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b. Limit gas-cutting and formation fluid inflow by maintain-
ing proper dritling fluid weight.

<. Minimize corrosion by the corrective measures shown in
10.1.7.

Note: While use of plastic coated drill pipe can minimize corrosion, plastic
coating does not protect susceptible drill pipe from SSC.

d. Chemically treat for hydrogen sulfide inflows, preferably
prior to encountering the sulfide.

e. Use the lowest strength drill pipe capable of withstanding
the required drilling conditions. At any strength level, prop-
erly quenched and tempered drill pipe will provide the best
SSC resistance.

f. Reduce unit stresses by using thicker walled components.
g. Reduce high stresses at connections by maintaining
straight hole conditions, insofar as possible.

h. Minimize stress concentrators such as slip marks, tong
marks, gouges, notches, scratches, etc.

i. After exposure to a sour environment, use care in tripping
out of the hole, avoiding sudden shocks and high loads.

Jj- After exposure to a sour environment, remove absorbed
hydrogen by aging in open air for several days to several
weeks (depending upon conditions of exposure) or bake at
400° to 600°F (204° to 316°C) for several hours.

Note: Plastic coated drill pipe should not be heated above 400°F (204°C) and
should be checked subsequently for bolidays and dishonding,

The removal of hydrogen is hindered by the presence of
cofrosion products, scale, grease, oil, et¢, Cracks that have
formed (intemally or externaily) prior to removing the hydro-
gen will not be repaired by the baking or stress relief opera-
tions.

k. Limit drill stem testing in sour environments to as brief a
petiod as possible, using operating procedures that will mini-
mize exposure to SSC conditions.

10.3 DRILLING FLUIDS CONTAINING OIL
10.3.1 Use of Oil Muds for Drill Stem Protection

Corrosion and SSC can be minimized by the use of drilling
fluids having oil as the continuous phase. Corrosion does not
occur if metal is completely enveloped and wet by an oil envi-
ronment that is electrically nonconductive,

Qil systems used for drilling (oil-base or invert emulsion
muds) contain surfactants that stabilize water as emulsified
droplets and cause preferential oil-wetting of the metal.
Agents that cause corrosion in water (dissolved gases, dis-
solved salts, and acids) do not damage the oil-wet metal.
Therefore, under drilling conditions that cause serious prob-
lems of corrosion damage erosion-corrosion, or corrosion
fatigue, drill stem life can be greatly extended by using an oil
mud.



STD.API/PETRO RP ?6-ENGL 1998 @M 0732290 0L0A73b LbT IR

APl RECOMMENDED PRACTICE 7G

suopipuoc) pazipiepuels 1spun ueBoipAH unm Buibreyd
s)poyres Buung (98lS 0FEY JYS LR J0 suswpeds peyajouun Jo solspeloeIeyn anjied-pekeleq—sy einbiy

Y g ANSTe( JuALn)

0 [W O W PaAfosstp suasoydsord *z Jo pesodmos wosiod o1poues jo xan 3od sdosp ¢ :u0sI0d

saNUIN "aindny o} eyl

3270 UL YOS™H Jo 1qBram Aq uacted ¢ :aiA[0n09E

1y wonpeo) Faydreq.) afereg
RION

000001 000'0L 000% 00} g0 1'0
task, _,
¥ — i S 0z
] -— L] —
1] 4
ll-l.!....ln.l-o.l:-l-.l..nl
el L [—
e - 02
/
08
(v 18
0cl
1 orl
f— o9l
eyprad-uyifusis asus) feUWOU 18] 000'G/ m— = - — —
eysusuBw pauadwel-uyiBuens alisuo) (eujuoul 18d O00'ZPL ssmmermesman ¥ 08t
sysuspBw peredwel-WBusns BSUs) B0 18d 00005 | mm—————
00z
elureg-yBuens epsus) reuiou 15d 000061
e)suapew pejeduel-yibusns efsue) RUILIOU S0 00006 = ee— - ozz
elsueewW posedwel-yBuens BSUS) BUILICU |50 000 (57 mm——
aisuoyew pesodwel-yiBuess epsus) eujwou |8d 000’042 « ove
eysuepew pasedwel-y)Buens j|sus) BUIWOU [5G 0000 == = == ==,
092

1sd 0001 'ssans

2000

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



STD.API/PETRO RP 76-ENGL 1998

B 0732290 009737 OThL IN

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS &7

10.3.2 Monitoring Oil Muds for Drill Stem
Protection

An 0il mud must be properly prepared and maintained to
protect drill stem from corrosion and SSC. Water will always
be present in an oil mud, whether added intentionally, incor-
porated as a contaminant in the swrface system, or from
exposed drilled formations. Corrosion and SSC may occur if
this water is allowed to become free and to wet the drill stem.,
Factors to be evaluated in moenitoring an oil mud include:

10.3.2.1 Electrical Stability

This test measures the voltage required to canse current to
flow between electrodes immersed in the oil mud (see API
Recommended Practice 13B-2, Recommended Practice Stan-
dard Procedure for Field Testing Oil-Based Drilling Fluids,
for details). The higher the voltage, the greater the stability of
the emulsion, and the better the protection provided to the
drill stem.

103.2.2 Alkalinity

The acidic dissolved gases (carbon dioxide and hydrogen
sulfide) are harmful contaminants for most oil muds. Moni-
toring the alkalinity of an il mud can indicate when acidic
gases are being encountered so that corrective treatment can
be instituted.

10.3.2.3 CorrosionTest Rings

Test rings placed in the drill stem bore are used to monitor
the corrosion protection afforded by oil muds (see API Rec-
ommended Practice 13B-2 for details). A properly function-
ing oil mud should show little or no visual evidence of
cormosion on the test ring.

11 Compressive Service Limits for Drill
Riqg)(see also Appendices A.14 and

11.1 COMPRESSIVE SERVICE APPLICATIONS

11.1.1 Whenever drilling high angle, extended reach, or
horizontal well bores it is desirable to use compressively
loaded portions of the drill string. Drilling with drill pipe in
compression causes no more damage to the drill pipe than
conventional drilling operations as long as the operating
conditions do not exceed the compressive service limits for
the pipe.

11.1.2 Drill strings are subject to compressive service con-
ditions whenever significant portions of the borehole exceed
the critical sliding hole angle as defined as follows:

0, = atctanGr),
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where
0, = critical sliding hole angle,
f = coefficient of friction.

11.1.3 The critical sliding hole angle is the angle above
which drill string components must be pushed into the hole.
Although many factors affect the coefficient of friction
between the drill string components and the wall of the hole,
the type of drilling fluid used has the greatest impact (see
Table 19). Water-based drilling fluids generate the highest
coefficient to friction and produce critical hole angles of
about 71 degrees. Synthetic-based drilling fluids provide the
lowest coefficients of friction and produce critical hole angles
of about 80 degrees.

11.1.4 Operating significant lengths of the drill string in
compression can cause the pipe to helically buckle and
induce pipe curvatures larger than the curvature of the hole
and may cause unacceptable bending stresses. Rotating drilt
pipe in curved portions of the hole generates cyclic bending
stresses that can also cause fatigue failures. The most effec-
tive and efficient drill string design for extended reach and
horizontal holes is the lightest weight drill string that can
withstand the operating environment. Using heavier compo-
nents or thicker wall wbulars often increases the operating
loads without reducing the bending stresses.

Table 19—Effect of Drilling Fluid Type on

Coefficient of Friction
Typical Coefficient ~ Critical Hole Angle
Drilling Fluid of Friction degrees
Water-base mud 035 71
Oil-base mud 0.25 76
Synthetic-base pud 0.17 80

11.2 DRILL PIPE BUCKLING IN STRAIGHT,
INCLINED WELL BORES

11.2.1 Overview

11.2.1.1 The curves shown in Figures 46 through 66 give
the approximate axial compressive loads at which sinusoidal
buckling is expected to occur in drill pipe in straight,
inclined wellbores. If the drill pipe is being rotated, limiting
the drill pipe compressive load to below the estimated buck-
ling load shown in these curves will significantly reduce the
danger of fatigue damage to the pipe. Conversely, rotating
drill pipe while it is buckled can lead to rapid fatigue damage
and failure,

11.2.1,2 These curves are based on the equations of Daw-
son and Paslay.” They are reproduced here with permission
from Standard DS-1, Drill Stem Design and Inspection.® The
assumptions behind these curves include:

a. Pipe weight is new nominal with X-grade tool joint
dimensions (where applicable). If more than one tool joint is
(Text continued on page 78.)
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Figure 46—Appraoximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 47—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 50—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 51—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 52—Approximate Axial Compressive Loads at which Sinusocidal Buckling is Expected to Occur
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Figure 54—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 56—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 57—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 58—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 60—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 61—Approximate Axial Compressive Loads at which Sinusoidal Buckiing is Expected to Occur
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Figure 62—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 63—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 64—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 65—Approximate Axial Compressive L.oads at which Sinusoidal Buckling is Expected to Occur
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Figure 66—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur

used on a particular pipe, the most common one was selected. 11.2.3 Using the Drill Pipe Buckling Curves

Tool joint diameter is the minimum for Premium Class. P .

. . . . Enter the curve for the comect pipe size and weight at the
Radmlcl:ll.t:,iaranoelsthcdlstancebetweenthetooljomIOD hole di - Read ically to i he hole angle. i
and the hole. horizontally to read critical buckling load. Compensate the

b. Pipe wall thickness is new nominal. . . .
c. The well bore is straight. value obtained for mud weight being used.

e. Mud weight is 12.0 Ib/gal.
How much compressive load may be applied to 5-inch,

11.22 Compensating for Different Mud Welight 19.50 Ib/ft drill pipe in a 12'/,-inch horizontal hole before the
L . drill pipe buckles? Mud weight is 9.0 Ib/gal.
If the actual mud weight is not 12.0 Ib/gal, critical buckling
load may be adjusted by the following formula: 11232 Solution:
(Foirod) = (Ferdfoud ' Reading from the figure for the drill pipe in question (Fig-
ure 60), the critical buckling load is about 28,200 pounds.
where ) B _ Adjusting to 9.0 Ib/gal mud:
Foy oy = adjusted critical buckling load (Ibs),
Loy = (buoyancy factor/0.817)%5 (see below),
11.3 CRITICAL BUCKLING FORCE FOR CURVED
Mut Weight Mud Weight BOREHOLES? 2.%51.2
(bigal) Foe (bgal) i The critical buckling force of compressively loaded drill
80 104 140 0.58 pipe is also significantly influenced by the curvature of the
20 1.03 150 087 borehole. In angle building intervals the upward curvature of
100 Loz 160 0.96 the borehole increases the critical buckling force. In turning
110 Lo1 170 0.95 intervals the hole curvature also increases the buckling force
120 1.00 18.0 0.94 of the drill pipe. Table 20 shows the hole curvature rates that
13.0 0.9% 19.0 0.93 prevent buckling for a range of pipe and hole sizes.
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Table 20—Hole Curvatures that Prevent Buckling

Hole  DrillPipe Drill Pipe Nominal Tool Joint Axial Load

Size oD ID  Weigh OD  5Mbs 10Mbs 15Mbs  20Mibs  25Mlbs  30Mibs  40Mlbs  5OMIbs
in. . m R in.  °100R  °/I00R  /00R.  Y/100f.  °/00R /100 /I00R. /100
a000 2375 18IS X B ST %) X 37 45 62 74 99 23
4750 2875 2151 104 4125 04 08 12 16 20 24 32 39
6000 2875 215t 104 4125 12 24 35 47 59 71 95 138
6000 3500 2764 133 5000 03 06 10 13 16 19 26 32
6750 3500 2764 133 5000 0.6 11 17 23 28 34 45 56
6750 4000 3340 140 5250 03 07 10 13 17 20 27 34
7875 4000 3340 140 5250 06 12 18 24 30 15 a7 59
7875 4500 3826 166 6250 02 05 07 10 12 15 20 25
8750 4500 3826 166 6250 04 08 11 L5 19 23 30 38
8750 5000 4276 195 6375 02 0.5 07 10 12 14 19 2.4
8750 5500 4778 219 750 01 02 03 0.4 0.5 06 08 0.9
8750 5500 4670 247 7250 01 02 03 0.4 0.5 06 038 10
9875 5000 4276 195 6375 04 07 11 14 18 2.1 28 36
9875 5500 4778 219 7500 02 04 05 07 09 11 14 18
9875 5500 4670 247 7250 02 0.4 05 07 09 11 14 L8
9875 6625 5965 252 8000 01 02 03 03 04 05 07 08

12250 5000 4276 195 6375 06 12 18 24 30 16 48 6.0

12250 5500 4778 219 7500 04 07 11 14 18 21 29 3.6

12250 5500 4670 247 7250 03 07 10 13 17 20 27 34

12250 6625 5965 252 8000 02 0.4 06 038 10 11 L5 19

11.3.1 Example

Will 5-inch drill pipe buckle in a 10-degrees-per-100-foot
build curve of a horizontal well? The hole size is 8.75 inches
and the maximum required bit load is 30,000 pounds.

11.3.2 Solution

Table 20 shows that 5-inch, 19.5 Ib/ft drill pipe in an 8.75-
inch hole will not buckle in hole curvatures greater than 1.4
degrees per 100 feet with a 30,000 pound load.

11.4 BENDING STRESSES ON COMPRESSIVELY
LOADED DRILL PIPE IN CURVED
BOREHOLES®3

Rotating compressively loaded drill pipe in curved portions
of the borehole generates cyclic bending stresses that, if large
enough, may cavse fatigue damage. Compressive loading
may also cause a portion of the pipe body to contact the wall
of the hole. In abrasive formations, pipe body contact can
erode the body of the pipe and further magnify the bending
stresses. The maximum bending stress caused by compres-
sively loading drill pipe in curved boreholes is affected by the
size of the tool joints, the size of the pipe body, and the spac-
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ing of the tool joints, as well as the axial compressive load on
the pipe and the curvature of the hole.

The application of compressive loads on tool jeinted drill
pipe in curved boreholes progresses through three stages.
Under light loads, the maximum bending stress occurs in the
center of the pipe span but only the tool joints are in contact
with the wall of the borehole. As loading is increased, the
center of the pipe comes into contact with the wall of the
hole. Under this loading cendition the maximum bending
stress occurs at two positions that are located on either side of
the point of pipe body contact. As the load is further
increased, the length of pipe body contact increases from
point contact to wrap contact aleng a length of pipe located in
the center of the joint.

Figures 67 through 74 provide solutions to the bending
stress, pipe body contact, and lateral contact loads for the
most common sizes of 6%/;-inch to 2*/-inch drill pipe. There
are four plots for each size of drill pipe. The plot in figures
6774 (figures a) show the maximum bending stress as a
function of axial compressive load for a range of hole curva-
tures. The type of loading is shown by the style of the plotted
lines. For no pipe body contact, the bending stress curve is
shown as a solid line. For point contact the bending stress
relation is shown as a dashed line and for wrap contact the

(Text continued on page 96.)
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6.625-in. 25.2 Ib/ft Drill Pipe, 8-in. Tool Joint
10 ppg mud, 90-degree 12.25-in. hole
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Figure 67a—Bending Stress and Fatigue Limits
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6.625-in. 256.2 b/t Drill Pipe, 8-in. Tool Joint
10 ppg mud, 90-degree 12.25-in, hole
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Figure 67b—1 ateraf Contact Forces and Length
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5.5-in. 21.9 b/t Drill Pipe, 7.5-in. Tool Joint
10 ppg mud, 90-degree 9.875-in. hole
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Figure 6Ba—Bending Stress and Fatigue Limits
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5.5-in. 21.9 Ib/ft Drill Pipe, 7.5-in. Tool Joint
10 ppg mud, 90-degree 9.875-in. hoie
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Figure 68b—\ ateral Contact Forces and Length
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5-in. 19.5 Ib/ft Drill Pipe, 6.375-in. Tool Joint
10 ppg mud, 90-degree 8.50-in. hole
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Figure 69a—Bending Stress and Fatigue Limits
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5-in. 19.5 b/ft Drill Pipe, 6.375-in. Tool Joint
10 ppg mud, 90-degree 8.50-in. hole
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Figure 69b—Lateral Contact Forces and Length
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4.5-in. 16.6 b/ft Drill Pipe, 6.25-in. Tool Joint
10 ppg mud, 90-degree 8.50-in. hole
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Figure 70a—Bending Stress and Fatigue Limits
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4.5-in. 16.6 1b/ft Drill Pipe, 6.25-in. Too! Joint
10 ppg mud, 90-degree 8.50-in. hole
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Figure 70b—Laterat Contact Forces and Length
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4.0-in. 14.0 b/t Drill Pipe, 5.25-in. Tool Joint
with 10 Ib/gal mud in @ 6.75-in. hole
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Figure 71a—Bending Stress and Fatigue Limits
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4.0-in. 14.0 b/t Drill Pipe, 5.25-in. Tool Joint
with 10 Ib/gal mud in a 6.75-in. hole

-
4 -"ﬁ?- — 30 dh
T et i s
e e e e e
e e e et e o
5 ” e ]
2 e 10 dh
—
0 1 I 1 1
6
/r‘-ﬂ-
~ .-".-':-" 30 dh
£ - ::d,-" -
L] 1
1 P oo
g S e
: gﬁﬂﬁﬁﬁgg:
s W -~ e _..-"'""
o T et o e e s i QTP
o—dd*
15
10
B 30 dh
=
S 5 20 a/h
—
—_—
P
st 9 10 dh
[4) (RN 4
0 10 20 30 40 50

Axial compressive load—1000 ib.

Figure 71b—Lateral Contact Forces and Length
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3.5-in. 13.3 Ib/Mt Drill Pipe, 4.75-in. Tool Joint
with 10 Ib/gal mud in a 6-in. hole
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Figure 72a—Bending Stress and Fatigue Limits
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3.5-in. 13.3 Ib/ft Drili Pipe, 4.75-in. Tool Joint

with 10 Ib/gal mud in a 6-in. hole
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2.875-in. 10.4 Ib/ft Drill Pipe, 4.125-in. Tool Joint
with 10 Ib/gal mud in a 4.75-in. hole
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Figure 73a—Bending Stress and Fatigue Limits
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2.875-in. 10.47 b/t Drill Pipe, 4.125-in. Tool Joint
with 10 Ib/gal mud in a 4.75-in. hote
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Figure 73b—Lateral Contact Forces and Length
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2.375-in. 6.65 Ib/ft Drill Pipe, 3.125-in. Tool Joint
with 10 ib/gal mud in a 3.875-in. hole
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plotted stress is shown as a dotted line. The plots also include
the fatigue endurance bending stress limits from Section 11.5.
The plots assume a 10 Ib/gal mud, 90-degree hole angle, and
a defined hole size. The mud density, hole angle, and hole
size do not affect the bending stresses unless the pipe buckles.
On most of the plots the critical buckling force is only
exceeded for cases with zero or negative build rate. The bend-
ing stresses for buckled pipe are independent of the hole cur-
vature and generally follow curves in which the bending
stress increases more rapidly with increased axial load than
for the constant hole curvature cases.

The plots in Figures 67—74 {figures b) show the pipe body
contact length and the lateral contact forces between the pipe
body and the tool joints with the wall of the hole.

11.4.1 Example

An 8Y,-inch horizontal well will be drilled with 5-inch
19.50 1b/t drill pipe with 6%-inch tool joints in an 8Y,-inch
hole with 10 Ib/gal mud. The maximum hole curvature will
be 16 degrees per 100 feet. The horizontal interval will be
drilled with surface rotation with loads up to 35,000 pounds.
What grade of drill pipe is required for this example?

114.2 Soltion

11.4.2.1 Figure 69a shows the bending stresses and fatigue
limits for 5-inch, 19.5 Ib/ft drill pipe, with 6*/g-inch tool joints
in a 90-degree, 8'/,-inch hole with 10 Ib/gal mud. For a hole
curvature of 16-degrees-per-100-feet and an axial compres-
give load of 35,000 pounds, the maximum bending stress is
24,000 psi. A slightly higher bending stress of 25,000 psi is
produced by a 24,000 pound axial load. The maximum bend-
ing stresses exceeds the fatigue endurance limits for API
Grade E75, X95, and D55 pipe, but is less than the fatigue
endurance limits for grades G105 and 5135 pipe. Figure 69b
shows that at 35,000 pound axial load, the tool joint contact
forces would be about 2,600 pounds with a 16 degrees per
100 foot curvature rate. The pipe body contact force will be
. about 600 pounds under a 35,000 pound axial load. For this
curvature rate the contact will be at the center of the span.

11422 The maximum bending stresses for point and
wrap contact are directly proportional to the hole curvatures
and radial clearances between the pipe body and the tool
joints. This allows us to use the existing bending stress plots
to estimate the bending stresses for tool joint dimensions
other than used in preparing the plots. No adjustment is nec-
essary unless the loading condition produces point or wrap
contact. If this is the case, we can compute an adjustment fac-
tor from the actual size of the tool joint and use that to com-
pute an equivalent hole curvature to determine the correct
bending stress.
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1143 Example

Determine the maximum bending stresses for 4-inch, 14
Ib/ft drill pipe with 5%-inch tool joints in 20-degrees-per-
100-foot hole curvature, and a 20,000 pound axial compres-
sive load.

114.4 Solution

Figure 71a shows the bending stresses for 4-inch, 14 Ib/ft
drill pipe, with 5'/,-inch tool joints. The actual tool joint out-
side diameter is 5%;-inch or Y;-inch larger. Figure 75 shows
the hole curvature adjustment factors for various sizes of drilk
pipe as a function of the difference in the tool joint outside
diameters. For an actual tool joint, Ys-inch larger than nomi-
nal, Figure 75 shows that with 4-inch drill pipe the curvature
adjustment factor is 1.1. To determine the maximum bending
stress for the Y, inch larger tool joint in a 20-degrees-per-100-
foot hole curvature at 20,000 pound load, multiply the actual
hole curvature by the adjustment factor, 20-degrees-per-100-
feet times 1.1 = 22-degrees-per-100-feet. Using 22-degrees-
per-100-feet at 20,000 pounds on Figure 71la, the bending
stress for 5%-inch tool joints is 24,500 psi.

11.5 FATIGUE LIMITS FOR API DRILL PIPE

R. P. Morgan and M. J. Roblin®* developed a method of
measuring fatigue limits from small drill pipe samples. Their
technique preserves the effect of the “as produced” drill pipe
bot finish surfaces. They reported on the testing of API
Grades E75, X95, G105, and $135 as well as an experimental
high strength tubular identified as V180. Their test program
showed that the fatigue endurance limits for drillpipe come-
late well with the tensile strength of the pipe. Table 21 shows
some of the results of their test program.

Table 21—Youngstown Steel Test Results*

Average  Endurance Limit
AFI AP APL Tensile
Minimum  Yield Tensile Strength Minimum Median
Yield Strenpgth  Strength  of Test Test Test
Grade Streppth Maximum Minimum Samples  Value Value

E75 75 105 100 123 30 12
X595 95 125 105 132 32 35
G105 105 135 115 144 34 a8
5135 135 165 145 167 36 40

*Youngstown Sheet and Tube Company, 1969 ASME Conference, Tulsa,
Oklahoma,

Casner® has utilized their test results to determine the min-
imum fatigue endurance limits for API drillpipe that meets
the API minimum strength requirements. See Table 22.
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Table 22—Fatigue Endurance Limits Compressively

Table 23—Values Used in Preparing Figure 77

Loaded Drill Pipe — :
Expected Ultimate ~ Minimum Fatigue
APL APL Strength and Fatigue  Stress Limit for
Minimum Minimum Tensile  Minimum Fatigue Typical Stress Limit for One 1,000,600
Grade Yield Strength Strength Endwrance Lirmit Grade Yield Strength Revolution Revolutions
E75 75 100 20 E75 875 121.5 267
X935 95 105 231 X095 103.0 1315 289
G105 105 115 25.3 G105 124.0 149.5 329
8135 135 145 319 8135 1500 159.0 350

116 ESTIMATING CUMULATIVE FATIGUE
DAMAGE

An interesting alternative to operating below the fatigue
endurance limits for drill pipe is to monitor the cumulative
fatigue damage caused by rotating in high curvature intervals
of the borehole and retire the pipe before failures occur. The
concepts for tracking the cumulative fatigue damage have
been well developed by Hansford and Lubinski. ™ The key
towards successful use of this technique is establishing the
appropriate stress versus revolutions to failure curves for the
various grades of API drill pipe. Figures 76 and 77 provide
estimates of the median expected failure limits found by Mor-
gan and Roblin and an estimate of the minimum failure limits
of API drill pipe that has been manufactured to average API
propertics. We would expect that half of the drill pipe exposed
to the limits shown in Figure 76 would fail. The minimum
failure limits in Figure 77 should avoid fatigue failures on
typical API drill pipe. The median failure limits are based on
an exponential relationship that connects the average tensile
strength of the tesied specimens representing one revolution
to failure with the median fatigue endurance limits represent-
ing one million cycles to failure. The average tensile strength
values and the median fatigues endurance limits from Table
21 were used to develop the stress versus revolutions to fail-
ure curves shown in Figure 76.

The equation is of the form: § = ;—{

where
5 = bending stress limit, psi,
TS = tensile strength of pipe, psi,
N = revolutions to failure,
x = afractional exponent of about D.1.

The curves of minimum failure limits are also based on the
Morgan and Roeblin data. Their report includes a table that
defines the typical yield and ultimate tensile strengths for nor-
malized Grade E75, normalized and tempered Grades X95
and G105, and quenched tempered Grade S135 API drill
pipe. Using Casner’s defined 0.22 ratio we computed the
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fatigued endurance limits for these tensile strengths. The SN
curve was computed by using the exponential relationship
described above with the tensile strength equal to the fatigue
endurance limit for one revolution and the fatigue endurance
limit values to represent the stress limit for one million revo-
lutions. The values used to prepare Figure 77 are summarized
in Table 23.

The cumulative fatigue damage is determined by counting
the revolutions of pipe in highly curved portions of the bore-
hole where the stresses exceed the fatigue endurance limits.
If, for example, the revolutions in a particular section of hole
represent 20 percent of the predicted revolutions to failure for
that dogleg severity it is judged that 20 percent of the fatigue
life has been consumed. Figures 76 and 77 can be used to
judge inspection levels and ultimate retirement levels. The
ultimate life can be judged from the plot of the median
fatigue limits of Figure 76. The appropriate minimum inspec-
tion levels can be judged from the minimum fatigue limits of
Figure 77. After exposure to this level of fatigue, inspection
and removal of damaged joints can extend the remaining
string life to or beyond the expected median life levels.

Figures 78 through 30 are plots of the bending stresses for
3Y/,-inch, 27/i-inch, and 2*/y-inch drill pipe in highly curved
boreholes. The bending stresses determined from these plots
are used 1o determine the total number of revolutions that the
pipe can withstand from Figures 76 and 77. These are then
compared to the observed number of revolutions to determine
the level of fatigue damage. The ratio of the revolutions to the
predicted median revolutions to failure defines the fraction of
the drillpipe fatigue life consumed in drilling through the high
curvature hole.

11.6.1 Exampile

An example of the cuomulative fatigue damage calculations
is given by the following. Consider drilling a 500-foot hori-
2ontal hole below a 100-foot radius build curve with 3'/-inch
$135 drill pipe. Drill pipe will be rotated at 30 RPM with
10,000 WOR, and is expected to drill at 15 feet per hour. The
equivalent build rate is given by:
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5730
B="—
R
where
B = build rate, degrees/100 ft.,
R = build radius, ft.

For this case: B = % = 57.3 degrees/100ft.

11.6.2 Solution

Figure 78a shows that at 10,000 pound axial compressive
load and a 57-degrees-per-100-foot build rate the maximum
bending stress is 50,000 psi. Figure 76 predicts that half of the
$135 pipe will fail under a 50,000 psi bending stress after
110,000 revolutions. The minimum failure limits of Figure 77
predict that $135 pipe can be rotated 39,000 revolutions with-
out failure.

The number of revolutions of exposure is given by:

_ SOXLxXRPM
ROP

N

where
N = revolutions of exposure,
L = length of high curvature hole, ft.,

RPM = rotary speed, rev/min,
ROP = penetration rate, ft/hr,

The length of L of our 90 degree build curve is equal to:
=Twg=" =
L_ZxR 2:.<100 157 ft.

Therefore, the number of revolutions of exposure for the
pipe that is rotated through the build curve is equal to:

_ 60x157x30
15

N = 18,850 revolutions

The cumulative damage can be computed by comparing
the revolutions of exposure to the 110,000 revolutions
required to cause half of the pipe to fail. This suggests that 17
percent of the fatigue life of the affected pipe has been con-
sumed in drilling one well. Comparing the revolutions of
exposure to the minimum fatigue limit of 39,000 revolutions
evaluates the risk of a failure. For this case, the 18,850 revolu-
tions of exposure represents 48 percent of the minimum
fatigue life expected for the S135 pipe. This suggests that two
wells could be drilled with this string before inspecting and
downgrading or removing fatigue damaged joints from ser-
vice. Continued use of the string will require removing signif-
icant portions of the affected pipe in order to prevent failures.
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11.7 BENDING STRESSES ON BUCKLED DRILL
PIPE

The bending stresses on buckled drill pipe must account
for both the mechanics of buckling and the additional bend-
ing caused by the axial load and the tool joints. The curvature

produced by buckling is given by:
B = Fxh. x573%x12x100
bue = 2xEx]
B,. = 17190 x F(D, — D,;)
“ Exl1
where
B,,. = curvature of buckled pipe, /100 ft.,
F = axial load, Ib.,
D, = hole diameter, in.,

D; = 100l joint OD, in.,

h, = radial clearance
— Dh_Dpj .
=Tz
I = area moment of inertial of pipe, in.*,
E = Young's modulus, psi

30 x 108 psi for steel.

This curvature can be used in place of the hole curvature in
the equations covered in Section 11.4.

12 Special Service Problems
121 SEVERE DOWNHOLE VIBRATION

Downhole vibration is inevitable. In many cases, low levels
of vibration go undetected and are harmiess. However, severe
downhole vibration can cause drillstring fatigue failure
(washout/twist-off), crooked drillstrings, premature bit fail-
ure, and reduced penetration rates. The main sources of exci-
tation are provided by the interaction of the bit with the
formation and the drillstring with the wellbore. The drillstring
response to these excitation sources is very complex.

Vibration can induce three components of motion in the
drillstring and the bit, namely: axiat (motion along drillstring
axis), torsional (motion causing twist/torque) and lateral (side
to side motion), All three dynamic motions may coexist and
one motion may cause another.

While theories exist, there is no general agreement on how
to predict (calculate) when damaging vibrations will occur.
However, by observing the symptoms of severe downhole
vibrations, probable mechanisms may be determined and
appropriate corrective actions taken,

Severe downhole vibration is often accompanied by symp-
toms belonging to more than one mechanism. This fact makes
the detection of the primary mechanism more difficult. For

(Text continued on page 108.)
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3.5 in. 13.3 Ib/ft Drill Pipe, 4.75 in. Tool Joint
" with 10 Ib/gal mud in a 6 in. hole
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2.875 in. 10.4 Ib/tt Drill Pipe, 4.125 in. Tool Joint
with 10 Ib/gal mud in a 4.75 in. hole

100

;

s
\
Sa
|
=
|

-]
R
K \
N
‘ {
B
i

\

E
\a ‘\H_J@_

Bending stress—1000 psi

|

-

,-... - -

8
=
T
R
-t

10 15 20 25
Axial compressive load—100C Ib.

Figure 79a—Bending Stress for High Curvatures

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



STDP.API/PETRO RP ?G-ENGL 1998 EB 0732290 0609775 90T WR

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

105

Tool joint contact—Mibs

10

Pipe contact—Mibs
E-N

15

10

Contact—it.

2.875 in. 10.4 |bfft Drill Pipe, 4.125 in. Tool Joint
with 10 Ib/gal mud in a 4.75 in. hole

T
B ==
I I g Bl
T e
/":.f"-‘-'“;r“--"";r-'_‘,
P s e P # T
A 11
S -
EE S e
ﬂ -
— :- --q-';q--u-v---uh--
| atill 100 dh
.-“4:-"/ ol ""‘___ 80 dh
Vet - e
. .-"': "’_ﬂ_ 7 — 60 d/h
P‘
PZZZ S =1""] © 40dm
:"?? - ::._,.,.-1 W =
r‘.‘-‘ e [~ 20 d'h
— o - “-4- T
100 dh
| ! 3 80 dh
_..-aa_ _._:;’“_:-: j‘;ﬁ
- —
il — = i
v ! g
~ o b | _ - i,
et - s weat
] ]
Al _
fj/ — _.‘.-"Ffp-t = L™
A7, H, — ! ]
i Iy 1° 20 25

Acdal compressive load—1000 Ib.

Figure 79b—! ateral Contact Forces and Length

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




STD.API/PETRO RP 7G6-ENGL 1998 W (0732290 0b60977b &4bL WEE

106 APl RecOMMENDED PRACTICE 7G

2.375 in. 6.65 Ib/ft Drill Pipe, 3.250 in. Too! Joint
with 10 Ib/gal mud in a 4.00 in. hole
100
B ILD‘
d/100
s apat
-
1 --"'-.'-—
?}‘
0"/ -‘-'-.q T
80 P
o"""- ,,--P“'"'--‘
’-
"‘/ —-5"""-"“‘ ey===
| ]
| Pl e ot
_—
',-"' s
o o
'§- 7 .-f’- n-""-
; =
-T=
| apanand
2 AT"
‘E -
&
N
- -]
Y
- b ot
20
/ -l e _
/ =X K _X
o )
o oy onll e om) my =
0 P
) 5 10 15 20
Axial compressive load—1000 (b,
Figure 80a—-Bending Stress for High Curvatures

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



STD.API/PETRO RP 7G-ENGL 1993 W 0732290 009?777 782 W

RECOMMENDED PRACTIGE FOR DRILL STEM DESIGN AND OPERATING LIMITS 107

2.375 in. 6.65 Ib/ft Drill Pipe, 3.250 in. Tool Joint
with 10 Ib/gal mud in a 4.00 in. hole

6
. 2
& ' | et 120 dh
8
e e T Ty PV e 80 dh
£ T e e o e e e
S 2 ’gﬁ’#
[t
e e 40dn
AR
-=F‘.‘.=
o e T
10 120dh
AT
—
8 ey
“a
o pr
i Ze e
g £
= - -
8 4 f A
é— - sl .-—‘ﬂ"-.‘
== e 40 dh
2
t Y
0 — I
x ) UV R N
1 120dMh
80 dh
15 40 d/h
T - -
g 10 t i;‘l
5 P T e
S -
° e — s
: y 2 e
-t ¥ -t
- £ 17 - 3
0 (7d 5
T
0 5 10 15 20

Axial compressive load—1000 Ib.

Figure 80b—Lateral Contact Forces and Length
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example, an increase in MWD shock counts, which is indica-
tive of BHA lateral vibration, can be caused by BHA Whirl,
Bit Bounce, or other mechanisms. Additional clues, such as
bit tooth breakage, for this example, are required for the iden-
tification of the primary vibration mechanism.

There are a number of mechanisms which can cause severe
downhole vibration. For mechanisms, their symptoms, and
methods of control are described below:

a. Slap stick:

1. Mechanism—Non-uniform bit rotation in which the bit
slows or even stops rotating momentarily, causing the
drillstring $o periodically torque up and then spin free.
This mechanism sets up the primary torsional vibrations
in the string.

2. Symptoms—surface torque fluctuations >15 percent of
average (below 1 Hz or stalling), increased MWD shock
counts, cutter impact damage, drillstring washouts/twist-
offs, connection over-torque or back-off.

Note: 1 Hz is one cycle per second.

3. Actions—reduce WOB and increase RPM, consider a
less aggressive bit, modify mud lubricity, reduce stabilizer
rotational drag (change blade design or number of biades,
use non-rotating stabilizer or roller reamer), adjust stabi-
lizer placement, smooth well profile, add rotary feedback
system.
b. Drillstring whirl:
1. Mechanism—the BHA (or drillpipe) gears around the
borehole. The violent whirling motion slams the drill-
string against the borehole. The mechanism can cause
torsional and lateral vibrations. ,
2. Symptoms—drillstring washouts/twist-offs, localized
tool joint andfor stabilizer wear, increased average torque,
5 to 20Hz lateral vibrations even if bit off-bottom.
3. Actions—Li#t bit off bottom and stop rotation, then
reduce RPM, avoid drill collar weight in excess of 1.15 to
1.25 times WOB, use packed hole assembly, reduce stabi-
lizer rotational drag, adjust stabilizer placement, modify
mud properties, consider drilling with a downhole motor.
c. Bit whirl: _
1. Mechanism—eccentric rotation of the bit about a point
other than its geometric center cansed by bit/wellbore
gearing (analogous to a planetary gear). This mechanism
induces high frequency lateral and torsional vibration of
the bit and drillstring.
2. Symptoms—cutter impact damage, uneven bit gauge
wear, over-gauge hole, reduce ROP, 10 to 50 Hz lateral/
torsional vibrations.
3. Actions—lift bit off bottom and stop rotation, then
reduce RPM and increase WOB, consider changing bit
(fiatter profile, anti-whirl), use slow RPM when tagging
bottom and when reaming, pickoff bottom before stop-
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ping rotation, use stabilized BHA with full gange near-bit
stabilizer or reamex.
d. Bit bounce:
1. Mechanism—large weight-on-bit fluctuations causing
the bit to repeatedly lift off and impact the formation. This
mechanism often occurs when drilling with roller cone
bits in hard formations.
2. Symptoms—Ilarge axial 1 to 10 Hz vibrations (shaking
of hoisting equipment), large WOB fluctnations, cutter and/
or bearing impact damage, fatigue cracks, reduced ROP.
3. Actions—run shock sub or hydraulic thruster, adjust
WOB/RPM, consider changing bit style, change length of
BHA.
e. Other mechanisms—some field data and theoretical stud-
ies indicate that certain “critical speeds™ exist which excite
resonant vibrations. Previous editions of Recommended Prac-
tice 7G gave formulas and graphs for predicting these critical
speeds. However, severe vibrations have been routinely mea-
sured at RPM other than those give by these simple
calculations.

12.2 TRANSITION FROM DRILL. PIPE TO DRILL
COLLARS

Frequent failure in the joints of drill pipe just above the
drill collars suggests abnormally high bending stresses in
these joints. This condition is particularly evident when the
hole angle is increasing with depth and the bit is rotated off
bottom. Low rates of change of hole angle combined with
deviated holes may result in sharp bending of the first joint of
drill pipe above the collars. When joints are moved from this
location and rotated to other sections, the effect is to lose
identity of these damaged joints. When these joinis later fail
through accumulation of additional fatigne damage, every
joint in the siring becomes suspect. One practice to reduce
failures at the transition zone and to improve control over the
damaged joints is to use nine or ten joints of heavy wall pipe,
or smaller drill collars, just above the collars. These joints are
marked for identification, and used in the transition zone.
They are inspected more frequently than regular drill pipe to
reduce the likelihood of service failures. The use of heavy
wall pipe reduces the stress level in the joints and ensures
longer life in this severe service condition.

12.3 PULLING ON STUCK PIPE

It is normally not considered good practice to pull on stuck
drill pipe beyond the minimum tensile yield strength for the
size, grade, weight, and classification of the pipe in use (see
Tables 4, 6, and 21). For example, assuming a string of 5-in.,
19.5 Ib/ft Grade E drill pipe is smck, the following approxi-
mate values for maximum hook Joad would apply:

Premium Class: 311,535 Ibs
Class 2: 270,432 Ibs
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The stretch in the drill pipe due to its own weight sus-
pended in a fluid should be considered when working with

drill pipe and the proper formulas to use for stretch when free
or stuck should be used.

12.3.1 Example | (see A.6 for derivation):

Determine the stretch in a 10,000 foot string of drill pipe
freely suspended in 10 Ib/gal drilling fluid.

L 2
———— [65.44-1.44 W] 22)
9 625%x 10’ )
2
= L.OO,, [65.44-1.44 % 10]
9.625x 10
=53.031in.,
where
L, = length of free drill pipe, feet,
W, = weight of drilling fluid, Ib/gal,
¢ = stretch, inches.

12.3.2 Example I (see A.4 for derivation):

Determine the free length in a 10,000 foot string of 4'/;-in.
OD 16.60 Ib/ft drill pipe which is stuck, and which stretches
49 in. due to a differential pull of 80,000 Ibs.

735,294 xex W,
P

L = (23)

— 735,294 x 49 X 16.60
80,000

=7476 ft.,

where

= length of free drill pipe, feet,
differential stretch, inches,
weight of drill pipe, pounds per foot,
differential pull, pounds.

e
W
P

124 JARRING

It is common practice during fishing, testing, coring and
other operations to run rotary jars to aid in freeing stuck
assemblies. Normally, the jars are run below several drill col-
lars which act to concentrate the blow at the fish. It is neces-
sary to take the proper stretch to produce the required blow.
The momentum of the moving mass of drill collars and
stretched drill pipe returning to normal causes the blow after
the jar hammer is tripped. A hammer force of three to four
times the excess of pull over pipe weight is possible depend-
ing on type and size of pipe, number (weight) of drill collars,
drag, jar travel, etc. This force may be large enough to dam-
age the stuck drill pipe and shouid be considered when jarring
operations are planned.
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125 TORQUE IN WASHOVER OPERATIONS

Although little data are available on torque loads during
washover operations, they are significant. Friction and drag
on the wash pipe cause considerable increases in torque on
the tool joints and drill pipe, and should be considered when
pipe is to be used in this type service. This is particularly true
in directionally drilled wells and deep straight holes with
small tolerances. (See 12.6.)

12.6 ALLOWABLE HOOKLOAD AND TORQUE
COMBINATIONS

Allowable hookloads and torque combinations for stuck drill
strings may be determined by use of the following formula:

0.0961677 [, _F? '

Or = =3 - 24)
where
@, = minimum tossional yield strength under tension,
Ib-ft.,
J = polar moment of inertia:
= £2 (D~ d,) for tubes,
D = outside diameter, inches,
d = inside diameter, inches,
Y,, = minimum unit yield strength, psi,
S, = minimuwn unit shear strength, psi:
(5,=0.577%,),
P = total load in tension, pounds,
A = cross section area.

An example of the torque which may be applied to the pipe
which is stuck while imposing a tensile load is as follows:
Assume:

a 3Y,-in. OD 13.30 Ib Grade E drill pipe.
b. 3'/,-in. IF tool joints.

c. Stuck point: 4000 feet.

d. Tensile pull: 100,000 pounds.

e. New drill pipe.

Then:

0096167)(900 100,000
0 = J(?s y? _ (100.000)°

(3.62)
Qr=17216 Ib-fi.

For further information on allowable hookloads, torque
application, and puthp pressure use, see Stall and Blenkam:
Allowable Hook Load and Torque Combinations For Stuck
Drill Strings.”?
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12.7 BIAXIAL LOADING OF DRILL PIPE

The collapse resistance of drill pipe corrected for the effect
of tension loading may be calculated by reference to Figure
81 and the use of formulas and physical constants contained
in 12.8,12.9,12.10, and 12.11.

128 FORMULAS AND PHYSICAL CONSTANTS

The ellipse of biaxial yield steess shown in Figure 46 is for
use in the range of plastic collapse only, and gives the relation
between axial stress (psi) in terms of average yield stress (psi)
and effective collapse resistance in terms of nominal plastic
collapse resistance. This relationship is depicted in the fol-
Jowing formula;

P + 1z + 2= 1, having solutions as follows:

2
gz = TN “;_3" ,and (

_ z+A4-37
r= ) , ¢4

where
;= Effective collapse resistance under tension (psi) 3
Nominal plastic collapse resistance (psi)

z Total tensile loading (pounds) @

~ Cross section area x Average yield strength ’

Average yield strengths in psi are as follows:

GradeE75 .......... 85,000
Grade X95 ......... 110,000
Grade G105 ........ 120,000
Grade S135 ........ 145,000

129 TRANSITION FROM ELASTIC TO PLASTIC
COLLAPSE

Material in the elastic range when under no tensile load,
transfers to the plastic range when subjected to sufficient
axial load. Axial loading, below the transition load, has no
effect on elastic collapse. At transition point, the collapse
resistance under tension equals the nominal elastic collapse,
and also equals a tension factor () times collapse resistance
as calculated from the nominal plastic formula.

Method: Determine values for both elastic and plastic col-
lapse from applicable formulas in Appendix A, substitute in
formula (3), 12.8 and solve for r. Then, solve formula (1),
12.8, for z. For the total tension (transition) load, substitute
value of z in formula (4), 12.8.
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12.10 EFFECT OF TENSILE LOAD ON COLLAPSE
RESISTANCE

The effect of tensile load applies only to greater than tran-
sition load on normally elastic items, and to any load on plas-
tic collapse items. In either case, the value determined from
the plastic collapse formula (Appendix A) is to be modified.

Method: Substitute the tensile load value in formula (4),
12.8, to find a value for z. Substitute this value in formula (2),
12.8, to permit solution for . Next, substitute the value of rin
formula (3), 12.8, to obtain the effective collapse resistance
under tension.

12.11 EXAMPLE CALCULATION OF BIAXIAL
LOADING

An example of the calculation of drill pipe collapse resis-
tance, corrected for the effect of tensile load is as follows:

Given: String of 5-inch OD, 19.50 1b per ft, Grade E Pre-
mium Class drill pipe.

Required: Determine the collapse resistance corrected for
tension loading during drill stem test, with drill pipe empty
and 15 Ib per gal. mud behind the drill pipe. Tension of
50,000 Ib on the joint above the packer.

Solution: Find reduced cross section area of Premium
Class drill pipe as follows:

a. Nominal OD = 5 inches, nominal wall thickness = 0.362
inches.
b. Nominal ID = 4.276 inches.
c. Reduced wall thickness for premium,
d. Class = (0.8)(0.362) = 0.2896 inches.
e. Reduced OD for premium class = 4.8552 inches.
f. Cross-sectional area for premium.
g. Class = reduced OD area — nominal ID area
= 18.5141 - 14.3603 = 4.1538 sq. inches.
h, Tension load on bottom joint = 50,000 + 4.1538
= 12037 psi.
i. Awverage yield strength for Grade E drill pipe = 85,000 psi.
Jj- Percent tensile stress to average yield strength
_ 12,037
85,000
k. Enter Figure 81 at 14.16 percent on upper right horizontal
scale and drop vertically to intersect right-hand portion of the
ellipse. Proceed horizontally to the left and intersect Nominal
Collapse Resistance (center vertical scale) at 92 percent.
1. Minimum collapse resistance for premium class (Table 5)
= 7041 psi.
m. Corrected collapse resistance for effect of tension
= (7041)(.92) = 6478 psi.
CAUTION: No safety factors are included in this example
calculation.
Note: Use reduced values for cross sectional area, tension and collapse ating
f::xewmdm(ﬂemum.ﬂm;l)ofmﬂdnﬂmhungommd—

X 100 = 14.16 percent
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13 Identification, Inspection and
Classification of Drill Stem
Components

13.1 DRILL STRING MARKING AND
IDENTIFICATION

Sections of drill string manufactured in accordance with
API Specification 7 are identified with the markings shown in
Figure 82. It is recommended that drill string members not
covered by Specification 7 also be stencilled at the base of the
pin as shown in Figure 82. It is also recommended that drill
string members be marked using the mill slot and groove
method as shown in Figure 83.

13.2 INSPECTION STANDARDS—DRILL PIPE
AND TUBING WORK STRINGS

Through efforts of joint commitiees of AP1 and IADC,
inspection standards for the classification of used drill pipe
have been established. The procedure outlined in Table 24 was
adopted as tentative at the 1964 Standardization Conference
and was revised and approved as standard at the 1968 Stan-
dardization Conference. Additional revisions were made at the
1970 Standardization Conference to add Premium Class. At
the 1971 Conference, it was determined that the drill pipe
classification procedure be removed from an appendix to API
Specification 7 and placed in API Recommended Practice 7G.
At the 1979 Standardization Conference, Table 25 was revised
10 also cover classification of used tubing work strings.

The guidelines established in this recommended practice
have been in use for several years. Use of the practice and
classification guide have apparently been successful when
applied in general application. There may be situations where
additional inspections are required.

1321 Limitations of Inspection Capability

. Most failures of drill pipe result from some form of metal

fatigue. A fatigue failure is one which originates as a result of
repeated or fluctuating stresses having maximum values less
than the tensile strength of the material. Fatigue fractures are
progressive, beginning as minute cracks that grow under the
action of the fluctuating stress. The rate of propagation is
related to the applied cyclic loads and under certain condi-
tions may be extremely rapid. The failure does not normally
exhibit extensive plastic deformation and is therefore difficult
to detect until such time as considerable damage has
occurred. There is no accepted means of inspecting to deter-
mine the amount of accumulated fatigne damage or the
remaining life in the pipe at a given stress level.

Presently accepted means of inspection are limited to loca-
tion of cracks, pits, and other surface marks; measurement of
remaining wall thickness; measurement of outside diameter;
and calculation of remaining cross sectional area. Recent
industry statistics confirm that a major percentage of tube
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body in-service failures occur near the upset runout or within
the slip area. Special attention to these critical failure areas
should be performed during inspection to facilitate crack
detection in drill strings which have been subjected to abnor-
mally high bending stresses. Drill pipe which has just been
inspected and found free of cracks may develop cracks after
very short additional service through the addition of damage
to previously accumulated fatigue damage.

13.2.2 Drill String Cracks

A crack is a single line rupture of the pipe surface. The rup-
ture shall (a) be of sufficient length to be shown by magnetic
iron particles used in magnetic particle inspection or (b) be
identifiable by visual inspection of the outside of the tube
and/or optical or ultrasonic shear-wave inspection of the
inside of the tube. Drill pipe tubes, tool joints, and drill collars
found to contain cracks should be considered unfit for further
drilling service. Shop repair of some tool joints and drill col-
lars, containing cracks, may be possible if the unaffected area
of the tool joint body or drill collar permits.

13.2.3 Measurement of Pipe Wall

Tube body conditions will be classified on the basis of the
lowest wall thickness measurement obtained and the remaining
wall requirements contained in Table 24. The only acceptable
wall thickness measurements are those made with pipe-wall
micrometers, ultrasonic instruments, or gamma-may devices
that the operator can demonstrate to be within 2 percent accu-
racy by use of test blocks sized to approximate pipe wall thick-
ness. When using a highly sensitive ultrasonic instrument, care
must be taken to ensure that detection of an inclusion or lami-
nation is not interpreted as a wall thickness measurement.

13.2.4 Determination of Cross Sectional Area
(Optional)

Determine cross sectional area by use of a direct indicating
instrument that the operator can demonstrate to be within 2
percent accuracy by use of a pipe section approximately the
same as the pipe being inspected. In the absence of such an
instrument, integrate wall thickness measurements taken at 1-
inch intervals around the tube.

13.25 Procedure

Used drill pipe should be classified according to the proce-
dure of Table 24 and as illustrated in Figure 84, dimension A.
Hook loads at minimum yield strength for New, Premium and
Class 2 drill pipe are listed in Table 26, Values recommended
for minimum OD and make-up torque of weld-on tool joints
used with the New, Premium and Class 2 drill pipe are listed
in Table 10. Maximum allowable hook loads for New, Pre-
mium and Class 2 tubing wotk strings (also classified in
accordance with Table 24) are listed in Table 27.

(Text continued on page 122.)
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Notes:

Sample markings at base of pin

1 2 3 4 5
4 6 70 N E

1 Tool Joint Manufacturer's Symbol:
ZZ Company (fictional for example only)

2  Month Welded:
6—June

3  Year Weided:
70—1870

4 Plpe Manufacturer's Symbol:
N—United States Steel Company

5 Drill Pipa Grade:
E—Grade E75 drill pipe

Tool joint manufacturer’s symbol, month welded, year welded, pipe manufacturer, and drill pipe grade symbol shall be stenciled at the base of the pin as
shown above. Pipe manufacturer symbol and drill pipe grade symbol applied shall be as represented by manufacturer. Supplier, owner, or user shall be
indicated on documents such as mill certification papers or purchase orders.

TOOL JOINT MANUFACTURER'S SYMBOL

Refer to the eleventh edition 1993 of the IADC Drilling Manusl* (Section B-1-9) for a list of Tool Joint Manufacturer’s symbols.
*Available from: International Association of Drilling Contractors (IADC) P.O. Box 4287, Houston, TX 77210.

Month and Year Weided

Month Year
1 through 12 Last two digits of year

Drill Pipe Grade

Grade Symbol
v T E
b S X
GIOS ...l G
S135................. 5
Heavy Weight Drill Pipe
(Double stencil pipe grade symbol.)

The “manufacturer” may be either a pipe mill or processer. See
API Specification 5D, Specification for Drill Pipe.

These symbols are provided for pipe manufacturer
identification and have been assigned at pipe manufacturers’
requests. Manufacturers included in this list may not be current
APT Specification 5D licensed pipe manufacturers. A list of
current licensed pipe manufacturers is available in the Composire
List of Mamfacturers, (Licensed for Use of the API Monogram).

Pipe mills may upset and heat treat their own drill pipe, or they
may have this done according to their own specifications. In either
casc, the mill’s assigned symbol should be used on each drill string
assembly since they are the pipe manufacturer.

Pipe processors may buy “green” tubes and upset and heat treat
these according to their own specifications, In this case, the
processot’s assigned symbol should be used on each drill string
assembly since they are the pipe manufacturer.

Pipe Manufacturers
(Pipe Mill: or Processors)
Active Inactive
Mill Symbol Mill Symbol
Algoma X Armco A
British Steel American Searnless Al
Seamless Tubes LTD B B&EW W
Dalmine D CF&I c
Kawasaki H J&L J
Nippon 1 Lone Star L
NEK K Ohio 0
Mannesmann M Republic R
Reynolds Aluminum RA T1 Zz
Sumitomo S Tubemuse TU
Siderca 5D Voest VA
Tamsa T Wheeling Pittsburgh P
US Steel N Youngstown Y
Vallourec v
Used u
Processor Symbol
Grant TFW TFW
Omsco OMS
Prideco PI

Figure 82—Marking on Tool Joints for Identification of Drill String Components
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No markings W"‘I
" Standard weight grade E75 dril pipe " Standard weight grade G105 d-rifpipe
19, :
Handface
owance — Gimove dapth 1mbe ¥y’ on 54" 0.0, and B
fypial | |y | loreriool o, ¥y doop on 500, and fypica
- ‘smallerfool joints {iypical
P +
P K}
RY T I
typka) H | H
. N ) | Ml
Standard weight grade X95 drill pipe Standard weight grade S135 dlill pipe
fe t
Pipa weight code
Pipe grade cod
1o 1 Wi shot 1o depth of groove (ypical A
ol e Ay OO [ |

Yye' R min. typical

Heavy weight grade E75 drill pipe

Ly 1 Vil st 1o depth of
W,Hi depth of groove typical

Heavy weight grade X95 drll pipe Heavy weight grade 5135 drill pipe

Drill Pipe Weight Code
() 2) 3 0] Q) @ 3) (O}
SizzOD  NominslWeight Wall Thickness ~ Weight Code SizzOD  Nominal Weight  Wall Thickness ~ Weight Code
inches b per ft inches Number inches Toperft inches Number
=, 485 150 i 4, 20.00 430 3
6.65% 280 2 2382 500 4
24.66 550 5
21, 6.85 217 1 2550 575 6
10.40* 362
s 1625 296 1
ay, 9.50 254 1 19.50 362 2
13.30* 368 2 25.60 500 3
15.50 449 3
5, 19.20 304 1
4 11.85 262 1 21.90% 361
14.00¢ 330 2 24.70 Al5 3
15.70 380 3
6%, 2520 330 2
4y, 13.75 an 1 2770 362 3
16.60° 337 2

Figure 83—Recommended Practice for Mill Slot and Groove Method of Drill String Identification
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Table 24-Classification of Used Drill Pipe
(All sizes, weights and grades. Nominal dimension is basis for all calculations.)
'y @) 3) “@)
Premintn Class! Class 2 Class 3
Two White Bands Yellow Bands Orange Bands
Pipe Condition Omne Center Punch Mark ‘Two Center Punch Marks Three Center Punch Marks
L EXTERIOR CONDITIONS*
A. OD wear
' ‘Wall Remaining wall not less Remaining wall not less Any imperfections or
than 80% than 70% damages exceeding
CLASS 2
B. Dents and mashes Diameter reduction not Diameter reduction not
over 3% of OD over 4% of OD
Crushing, necking Diameter reduction not Diameter reduction not
over 3% of OD over 4% of OD
C. Slip area
Mechanical damage
‘ Cuts?, gouges® Depth not to exceed 10% Depth not to cxceed 20%
of the average adjacent of the average adjacent
wall® wall®
D. Stress induced
fiameter variat]
1. Stretched Diameter reduction not Diameter reduction not
over 3% of OD over 4% of OD
2. String shot Diameter increase not Diameter increase not
over 3% of OD over 4% of OD
E. Comosion, cuts, and gouges
1. Corrosion Remaining wall not less Remaining wall not less
than 80% than 70%
2. Cuts and gouges
Longitudinal Remuaining wall not less Remaining wall not less
than 80% than 70%
Transverse Remaining wall not less Remaining wall not less
than 80% than 80%
F. Cracks® None None None
IL INTERIOR. CONDITIONS
A. Corrosive pitting
Wall Remaining wall not less Remaining wall not less
than 80% measured from than 70% measured from
base of deepest pit base of deepest pit
B. Erusion and wear
Wall Remaining wall not less Remaining wall not less
than 80% than 70%
C. Cracks? None None None

"The premium classification is recommended for service where it is anticipated that torsional or tensile limits for Class 2 drill pipe and tubing work strings will be
emeeded.TheselimitsforP‘xemiumClassandClass2dﬂ1]pipearespeciﬁedinTablcs4and6,mspectively.PmnﬁumClassshallbeidentiﬁedndthtwuwlﬁte

bands,plusoneoenmpunchmarkontthSdegleeor13dcgmcshoulderofthep&nendmoljoint.
2Relmtil:lingm]]s;hallnotbelt:ssthanthevall.neinI.l‘.-'..2,dcfmntsma:vl)egmum‘loutprm'iu:iing'th;.-,1:emajningwa]]isnor.reduoedbc:lcvwthevaluesl’lcmrni.nl.l’:‘..tof

this table and such grinding to be approximately faired into outer contour of the pipe.

3[nanyclassiﬁcal‘.ion\?vhm:cran:ksuvrwash’outz:a;.vpea;r.thepipewillbeidenﬁﬁedwiththemdbmdandoonsidaedmﬁtfm-furthcrdlillingservice.
4AnAPIReoommendodecﬁce7Ginspectioneannotbemadewithdrillpiperubbm'sunthep-ipe.
SAverage adjacent wall is determined by measuring the wall thickness on each side of the cut or gouge adjacent to the deepest penetration,
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Table 25—Classification of Used Tubing Work Strings

1)

@

@

@)

Critical Service Class!

Premium Class? Class 2
Pipe Body Condition One White Band Two White Bands Blue Bands
L EXTERIOR CONDITIONS (Tube only)
A. OD wear
Wall Remuaining wall not less Remaining wall not less Remaining wall not less
than 87Y/,% than 80% than 70%
B. Dents and mashes Diameter reduction not Diameter reduction not Diameter reduction not
\ over 2% of OD over 3% of OD over 4% of OD
Crushing, necking Diatneter reduction not Diameter reduction not Diameter reduction not
over 2% of QD over 3% of OD over 4% of OD
C. Slip area, tong arca
mechanical damage
Cuts?, gonges® Depth not to exceed 10% Depth not to exceed 10% Depth not to exceed 20%
of the average adjacent of the average adjacent of the average adjacent
wall’ wall® wall’
D. Stress induced
! diameter variations
1. Stretched Diameter reduction not Diameter reduction not Diameter reduction not
over 2% of QD over 3% of OD over 4% of OD
2. String shot Diameter increase not Driameter increase not Diameter increase not
over 2% of OD over 3% of OD over 4% of OD
E. Corrosion, cuts, and gouges
1. Corrosion Remaining wall not less Remaining wall not less Remaining wall not less
than 871/,% than 30% than 70%
2, Cuts and pouges
Longitudinal Remaining wall not less Remaining wall not less Remaining wall not less
than 87/,% than 80% than 70%
. Transverse Remaining wall not less Remaining wall not less Remaining wall not less
than 87Y,% than 80% than 80%
F. Cracks* None Nome None
IL INTERIOR CONDITIONS (Tube and Upset)
A. Corrosive pitting
Wall Remaining wall not Jess Remaining wall not less Remaining wall not less
than 87/,% measured than 80% measured from than 70% measured from
from base of deepest pit base of deepest pit base of deepest pit

B. Erosion and wear
Wall

C. Drift
External upset
Internal upset®

D. Cracks*

Remaining wall not less
than 87Y,%

API dimensions ¥, inch
less than specified bored
D

None

Remaining wall not less
than 80%

API dimensions '/, inch
less than specified bored
D

None

Remaining wall not less
than 70%

API dimensions Y/, inch
less than specified bored
D

None

"The critical service classification is recommended for service where new or like new specifications apply. Critical service classification tubing work strings shall

be identified with one white band.

2’I‘lm:pn:miumc]assi!:'lcalionisawommcncln:dforsetvic;evnrilmweir.isami:it:ipao:wad1‘.hm:tsuvrsionortn:nsil«:limitsforClm;zi21:ubi1:lgwmks;t::ing:r.wi]]l:vee)meeo:lmi.l'-‘te-

mium classification tubing work strings shall be identified with two white bands.

3Remainingwallshallnotbelessthanthevalueinl.E.Z.Defecumaybegmmdompmvidingﬂ:emmﬁningwauisnmredueedbelowthevﬂucshuwninLELl

ofthismbhmdsuchgtindingmbeapprmdmatelyfailedinwoummoﬂhembing.

“In any classification where cracks or washouts appear, the tubing will be identified with the red band and considered unfit for further service,
sAvmrageadja::entvm]]isdﬂter:m‘mdbyrneasnrir:lgl;he’.-wnllthickncssoneachsidcofthecutorgmlgeadjwcntwthedeepmtpenetration.
SApplicable to Internal Upsets which have been bored.
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Table 26—Hook-Load at Minimum Yield Strength for New, Premium Class (Used), and Class 2 (Used) Drill Pipe
dkoklmdvahuhﬂﬁshhhmsﬁglﬂyﬁomuﬁhdmfmthempipesimmﬂchnﬁsmdh
Tabies 2, 4, 6, 8, and 9 because of differences in rounding procedures used in cakeulations.)
“w o & 4 &3] ®) a ® ® a0 any an a3 (14 a» a8 Ja4n 4
New Premiuin Class Class 2
o . 1,
a g g g 5 - g g g2 =~ & g .E

) O z 3 £ g 3 aé g 3 g

i 11 4 s HERILE R RN

8 £ 8§ & a e 3 8% 57 58 ¢ 83 $F B3 8% %

in. 1Mt in in. in  sgin  ps ib in in sin % b in. in sq.in % b

P, 485 2375 0190 1995 13042 75000. O7817. 22990 OI52 L0252 7861 76893, 22610 0133 (0.8891 6817 66636
95000. 123902. 97398, 84469.
105000, 136944, 107650. 93360.
135000. 176071 138407 120035.

2, 665 2375 0250 1815 18420 75000. 138214 22630 0224 14349 T7.86 107616, 22070 0.196 12383 6719 9287L
95000, 175072 136313. 117636.
105000. 193500 150662, 130019.
135000. 248786. 193709, 167167

2, 685 2875 0217 2441 18120 75000. 135902 27882 0.174 14260 7869 106946 27448 0.152 12374 6829 92801
95000, 172143 135465, 117549,
105000. 190263, 149725, 129922,
135000. 244624, 192503. 167043,

27, 1040 2875 0362 2151 28579  75000. 214344 27302 0290 22205 7770 166535 26578 0253 19141 6657 143557
95000. 271503 210945. 181839,
105000, 300082 233149. 200930,
135000. 385820. 299764, 258403,

3y, 950 3500 0254 2992 25502 75000 194264. 33984 0203 20397 7875 152979. 33476 0178 17706 6836 132793,
95000. 246068, 193774, 168204,
105000. 271970. 214171, 185910,
135000, 349676, 75363, 239027.

3y, 1330 3500 0368 2764 36209 75000 271565 33528 0204 28287 7312 212150, 32792 0258 24453 67.53 183398
95000. 343988. 268723, 232304
105000, 380197 297010. 256757,
135000, 483825, 381870 330116,

3y, 1550 3500 0449 2602 43037 75000, 322775. 33204 0359 33416 77.65 250620, 32306 0314 23796 6691 215867
95000, 408848, 317452 273558,
105000. 451885, 350868, 302354,
135000. 580995. 451115, 388741,

4 11.85 4000 0262 3476 30767 75000. 230755. 3.8952 0210 24269 78.88 182016, 33428 0183 21084 6853 158132
95000, 292290, 230554, 200301
105000, 323057, 254823, 221385.
135000. 415360. 327630, 284638,

4 1400 4000 0330 3340 38048 75000, 285359. 3.8680 0.264 29891 7856 224182 3.8020 0231 25915 68.11 194363
95000. 361434, 283963, 246193.
105000, 399502, 313854, 272108
135000, 513646 403527 349853,

4 1570 4000 0380 3240 43216 75000, 324118. 33480 0304 33847 7832 253851 37720 0266 29298 67.30 219738
95000. 410550 321544, 278335.
105000, 453765. 355391, 307633,
135000, 583413, 456931. 395526,

4, 1375 4500 0271 3958 36005 75000, 270034. 43916 0217 28434 7897 213258 43374 0190 24719 6365 1853%0.
95000, 342043, 270127. 234827,
105000, 378047. 298562, 259546.
135000. 486061 383865, 233702
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Table 26—Hook-Load at Minimum Yield Strength for New, Premium Class (Used), and Class 2 (Used) Drill Pipe (Continued)

(Heok load valoes in this table vary slightly from tensile data for the same pipe size and class listed in
Tables 2, 4, 6, 8, and 9 because of differences in rounding procedures used in calculations.)

@M @ & @) 5) ®) D )] ) (i0) a1y a2 Qa3 (14) (15) as  an (18)
New Premium Class Class 2
& g & g g o
# - g 3
g 5 LY 3 ag g Sg §g 1 §§ *E gﬁ g_c 1
8 g © '§ B &,E 'g [ g ,,E

8 . 3 25 ¥ % a3 3 83 £ % a3 g3 33 Bz %

; a = & B B & = T OB S g T og - 3 & =

in IbA o in in. sq. in psi b in in 8. in % b in, in, 5q. in, % b
44, 1660 4500 0337 3326 44074 75000 330558. 4.3652 0.270 34689 7870 260165 42978 0236 30103 6830 225771
95000. 418707 329542, 285977,
105000, 462781. 364231. 316080.
135000, 595004, 468297. 406388,
4, 2000 4500 0430 3.640 54981 75000, 412358. 43280 0343 43055 TRID 322916, 42420 0301 37267 6778 279502
, 95000. 522320 409026, 354035,
105000. 577301 452082, 391302,
135000, 742244, 581248, 503103.
4y, 2282 4500 0500 3500 6.2832  75000. 471239. 43000 0400 49009 7800 367566, 42000 0350 42333 6737 317497,
95000. 596903. 465584, 402163,
105000. 659735, 514503, 444496,
135000, 348230, 661620. 571495,
5 1625 5000 0296 4408 43743 75000, 328073 48816 0237 34554 7899 259155. 4.8224 0207 30042 6868 225316
05000. 415559, 328263, 285400.
, 105000. 459302, 362817. 315442,
135000. 590531, 466479, 405568,

£

5 19.50 5000 0362 4276 52746  75000. 395595. 4.8552 0290 41538 7875 311535, 47828 0253 36058 6836 270432
95000. 501087. 304612 342548,
105000, 553833, 436150 378605.
135000. 712070 560764. 486778.
5 2560 5000 0500 4000 7.0686 75000, 530144, 48000 0400 55292 7822 414690. 47000 0350 47831 6767 358731
95000. 671515 525274, 454392,
105000. 742201. 580566, 502223,
135000, 954259, 746443, 645715.
5%, 1920 5500 0304 4892 49624 75000, 372181, 53784 0243 39235 79.06 204260. 53176 0213 34127 6877 255954,
95000. 471429 372730, 324208.
J 105000. 521053 411965. 358335,
135000. 669925. 52966. 460717,
5%, 2150 5500 0361 4778 58282 75000, 437116, 53556 0289 45971 7888 344780. 52834 0253 39938 6352 299533,
95000, 553681 436721. 379409
105000. 611963, 482692, 419346,
135000, 786809, 620604, 539160,
54, 2470 5500 0415 4670 66296  TS000. 497222 53340 0332 52171 7865 391285 52510 0290 45271 6829 339533
95000. 629814, 495627, 430076.
105000, 696111, 547795, 475347,
135000, 894999, 704313, 611160.
6%, 2520 6625 0330 5965 65262 75000 489464 64930 0264 51662 79.16 387466. 64270 0231 44965 6890 337236
95000, 619988, 4950790, 427166.
105000, 685250, 542452, 472131,
135000. 881035 697438, 607026,
6%, 2770 6625 0362 S5.501 7.1227 75000 534199, 64802 0290 56323 79.08 422419, 64078 0253 48994 6879 367455
95000. 676652, 535064, 465443,
105000. 747879, 591387, 514437,
135000. 961558 760354, 661419,
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120 APt RECOMMENDED PRACTICE 7G
Table 27-—Hcok-Load at Minimum Yield Stre for New, Premium Class (Used), and Class 2 (Used)
Jubing Work Strings ’
(Hook load valoes in this table vary slightly from tensile data for the same pipe size and class listed in
Tables 2, 4, 6, 8, and 9 because of differences in rounding procedures used in calculations.)
o @ 6 “@) &) ©) o) @ (6] (10} an  an as a4 ) as an (18)
New Premium Clazss Class 2
E & E 2 g ; 2 g

8 g g g §§ ) § gg gg E § g gE s 3 g
111 % . H tEiHE N TR
§ 78 3 o 30 @ 1 s3dlfiiir i s7dlii) di i
in Mt i in in sgin pd ) in. in sgin % Ib . m s % Ib
A 120 1.050 0.113 0824 03326 55000. 18295. 10048 0.090 02597 7807 14283 09822 0079 02244 6747 12343,
75000. 24948, 19477 16832
80000, 26611 20775. 17954,
105000. 34927 27267. 23564,

¥, 150 1050 0154 0742 04335 55000, 23842 009884 013 03349 7725 18418. 09576 O0.108 02878 6639 15829
. 75000, 32512 25115, 21585.
80000. 34679, 26790. 23024,
105000. 45516, 35161 30219.
1 180 1315 0133 1.049 04939 55000. 27163. 12618 0106 03862 7820 21242 12352 (0093 03340 67.64 18372
75000. 37041 28966, 25053,
80000,  39510. 30897 26724.
105000.  51857. 40552, 35075,
1 225 1315 0179 0957 06388 55000, 35135. 12434 0143 04950 7748 27222 12076 0125 04260 6669 23432
75000. 47912, 7122, 31953,
80000. 51106 39596. 34083,
105000. 67077 51970, 44734,
1%, 240 1660 0140 1380 06685 55000, 36769. 1.6040 O.1I12 05250 7853 28873 15760 0098 04550 6807 25027,
75000, 50140 39373, 34128,
80000. 53482, 41998, 364073,
105000. 70196, 55122, 47779,

14, 302 1660 0191 1278 08815 55000, 48481, 15836 0.153 06868 77.92 37776 15454 0134 05930 6727 32613
75000. 66110 51513, 44472,
80000, 70517. 54947, 47437,
105000,  92554. 72118, 62261.
17, 320 1660 0198 1264 09094 S5000. S00I18. 15808 0.158 07078 77.83 38930. 15412 0139 06107 6716  33590.
75000, 68206 53087. 45805.
80000. 72753 56626. 48858,

105000. 95489, 7432, 64126
I¥ 290 1900 0.145 1610 07995 55000. 43970. 18420 0.116 0.6290 78.68 34595 18130 0101 05457 6826 30016
75000. 59959, 4n7s 40931.
80000. 63957, 50320, 43660,
105000, 83943, 66045 57304,
17, 419 1500 0219 1462 11565 55000. 63610. 18124 0175 G9011 77.92 49562 17686 0.153 07779 6726 42767
75000, 86741 £7584. 5B345.
50000, 92523, 72090. 62235
105000. 121437, 94618. 81684,
2Y, 325 2063 0156 1751 09346 55000 51403, 20006 0125 07354 78.69 40450, 19694 0.109 06382 6828 35099,
75000. 70095 55158. 47862
80000, 74768, 58836. 51053,
105000, 98133, 222, 67007.
2/, 470 2375 0190 1995 13042  55000. 71733 22990 0.152 10252 7861 56388, 22610 0.133 08891 68.17 48903,
75000. 97817, 76893, 66686,
80000, 104339, 82019, 71132,
105000. 136944, 107650, 93360.
P, 530 2375 0218 1939 14773 S5000. 81249, 22378 0174 L1579 7338 63686, 22442 0153 10027 67.88 55150,
75000. 110794, 86844, 75203,

30000 118181 92634, 80213,
105000. 155112, 121581, 105286
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RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS 121
Table 27—Hook-Load at Minimum Yield for New, Premium Class (Used), and Class 2 (Used)
Tublng Stnngs (Continued)

(Hmklmdvﬂnesinthislahlevatyslighﬂy&umtmmhdahfmﬂmsamepipesiumdclasslisledin
Thbles 2, 4, 6, 8, and 9 because of differences in rounding procedures used in calculations.)

a @ Q@ ) ) ) N ® ) 1) an 1z (13 (14) s (16) an (18}
New Premium Class Class

]

g 3 e s . N e
a2 B — E ; — ]
g . 58 3 g8 g &8 gg LI s g 2 5% 1
a 'E'E 2 T8 94 3 ER 3 3
3 § 5 ; E E R i i1 % 5 883 g Z
3 5 &8 a 8§ # E 8 3 g &% & 8§ 83§ & E 3
in DA in in, in 5q. in. psi b i 5q. in. % b in in 5q. n. % 1b
Th, 595 2375 0254 1867 16935 55000 93087, 2273% 0203 13216 7808 72636 22236 0178 L2 GH ihm.
T5000. 126936 99117, 85663,
80000, 135399, 105725. 91374,
105000. 177711. 138764, 119928,
23 650 2875 0217 2441 18120 S5000, 599661, 27882 0.174 14260 7369 76427, 27448 0.152 1.2374 68.29 88054,
T75000. 135902, 106946, 92201.
£0000. 144962, 114076, 9898S.
105000, 190263, 149725, 129622,
PIA 870 2875 0308 2259 24839 55000. 136612, 27518 0246 1.9394 78.08 106667, 26902 0.216 1.6761 67.48 92186.
75000 186289, 148455 125700,
80000. 198708. 155152, 134089.
105000, 260805, 200637, 175992,
P, 950 2875 0340 2195 27077 55000, 148926 27390 0272 21081 7185 115945. 26710 0238 18192 6718 100053,
75000 203080, 158106. 136436,
80000. 216619, 168647, 145532,
105000. 284313, 221349, 191011,
h 1070 2875 0392 2091 30578 55000. 168180. 27182 0314 23690 7747 130296, 26398 0.274 20391 6668 112151,
75000, 229337, 177676. 152933,
50000, 244626, 189522, 163128,
105000. 321072. 248747, 214106.
i, 1100 2875 0405 2085 3.1427 55000, 172848. 2.7130 0324 24317 7738 133744. 26320 0.283 20917 6656 115042,
75000, 235702. 182378, 156875.
80000, 251415. 194536. 167334,
105000, 329983. 255329 219626,
3y, 1280 3500 0368 2764 36209 55000. 199151, 33528 0294 28287 7812 155577. 32792 0.258 24453 6753 134492,
75000, 271569, 212150. 183398,
80000. 289674, 226293, 195624,
105000, 380197, 297010, 256757,
3, 1295 3500 0375 2750 36816  SS000. 202485, 33500 0300 28746 7808 158101 32750 0263 24843 6748 136637,
75000. 276117. 215592, 186323,
30000, 294524, 229065. 198745,
105000, 386563, 301828 260853,
3y, 1580 3500 0476 2548 45221 55000. 248715. 33096 0381 35038 7748 192708, 3.2144 0.333 3.0160 66.69 165879.
T5000. 339156, 262783, 226198.
80000. 361767, 280302. 241278,
105000, 474819, 367897. 316678.
3y, 16,70 3.500 0.510 2480 4.7906 55000. 263484, 32960 0408 37018 T7.27 203596. 3.1940 0.357 3.1818 6642 175001.
T5000. 359296. 277631, 238638.
30000. 383249. 296140, 254547,
\ 105000. 503015. 388684, 3340903,
41, 1550 4500 0337 3826 44072 55000, 242409, 43652 0270 34689 7870 190783, 4.2978 0.236 3.0103 68.30 165565,
75000, 330558. 260165, 225771,
80000. 352593, 277509, 240823,
105000, 462781, 364231, 316080.
4, 1920 4500 0430 3640 54981 55000. 302396. 43280 0344 43055 7831 236805, 42420 0301 37267 67.78 204968.
75000. 412358, 322916, 279502,
S0000. 439843. 344443, 298135,
105000, 577301. 452082. 391302,
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13.2.6 Inspection Classification Marking

A permanent mark or marks signifying the classification of
the pipe (for example, refer to Table 24, Note 1) should be

13.3.21 Required Inspections
Following are required inspections:
a Outside diameter measurement—measure tool joint out-

stamped as follows: side diameter at a distance of 1 inch from the shouvlder and

determine classification from data in Table 10. Minimum
a. On the 35-degree or 18-degree sloping shoulder of the pin shoulder width should be used when tool joints are wom
end too joint. eccentrically.

b. Or in some other low-stressed section of the tool joint
where the marking will normally carry through operations.
¢. Cold steel stenciling should be avoided on outer surface of

b. Shoulder condition—check shoulders for galls, micks,
washes, fins, or any other matter which would affect the
pressure holding capacity of the joint and conditions which
may affect joint stability. Make certain joint has a minimum

tube body. 1/, in. x 45 degree OD shoulder bevel.
d. One center punch denotes Premium, two denote Class 2
and three denote Class 3. 133.2.2 Optional inspections

13.3 TOOL JOINTS
13.3.1 Color Coding

The classification system for used drill pipe outlined in
Table 24 includes a color code designation to identify the drill
pipe class. The same system is recommended for tool joint
class identification. In addition, it is recommended that the
tool joint be identified as (1) field repairable, or (2) scrap or
shop repairable. This color code system for tool joints and for
drill pipe is shown in Figure 85.

13.3.2 Inspection Standard

The following recommended inspection standard for used
tool joints was initially included as an appendix to API Speci-
fication 7. It was moved to API Recommended Practice 7G
by committee action at the 1971 Standardization Conference.,

Following are optional inspections:

a. Shoulder width-—using data in Table 10, determine mini-
mum shoulder width acceptable for tool joint in class as
governed by the outside diameter.

b. Visual thread inspection—the thread profile is checked to
detect over-torque, insufficient torque, lapped threads, and
stretching. Threads are visually inspected to detect handling
damage, corrosion damage and galling.

¢. Box swell and/or pin stretch—these arc indications of
over-torquing and their presence greatly affects the future
performance of the tool joint. The lead gange is the only stan-
dard method for measuring pin stretch. On used tool joints, it
is recommended that pins having stretch which exceeds 0.006
inch in 2 inches should be recut. All pins which have been
stretched should be inspected for cracks.

It is recommended that box counterbores (Qc), API Speci-
fication 7, Table 25, be checked. If the Oc diameter is more
than 0.031 inch (Y,; inch) outside the allowed tolerance, then
the box should be recut.

Tool joint condition bands
Classification paint bands
for drill pipe and tool joints
Vg £ iy
N )% i )‘;
N
o 62
O }
- =
% s
7 / T
Stencils for ent marking for
classification of drill pipe body
Tool Joint and Drill Number and Color Tool Joint Color
Pipe Classification of Bands Condition of Bands
Premium ClAsS .....ccocvuneus Tero White Scrap or Shop Repairable ............ Red
Class 2. . .. .ovineiiiiannnnns One Yellow Field Repadirable. ................., Green
Class 3 ... ciiiiiniraiannnans One Orange
L RN One Red

Figure 85—0Drill Pipe and Tool Joint Color Code Identification
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d. Magnetic particle inspection—if evidence of pin stretch-
ing is found, magnetic particle inspection should be made of
the entire pin threaded area, especially the last engaged thread
area, to determine if transverse cracks are present.

In highly stressed drilling environments or if evidence of
damage, such as cracking is noted, magnetic particle inspec-
tion should be made of the entire box threaded area, espe-
cially the last engaged thread area, to determine if transverse
cracks are present.

Longitudinal or irregular orientation of cracking may occur
as a result of friction heat checking (see 8.6). In that case
magnetic particle inspection of both box and pin tool joint
surfaces, excluding any hardband area, should be performed,
with an emphasis on detection of longitudinal cracks.

For crack detection, the wet fluorescent magnetic particle
method is preferred for tool joint inspections. Teol joints
found to contain cracks in the threaded areas or within the
tool joint body, excluding any hardband area, should be con-
sidered unfit for further drilling service. Shop repair of some
cracked tool joints may be possible if the unaffected area of
the tool joint body permits.
€. Minimum tong space—refer to Figure 86. The criteria for
determining the minimum tong space for tool joints on used
drill pipe should be based on safe and efficient tonging opera-
tions on the rig floor, primarily when manual tongs are in use.
In this regard, there should be sufficient tong space 1o allow
full engagement of the tong dies, plus an adequate amount of
tong space remaining to allow the driller and/or floorhand to
visually verify that the mating shoulders of the connection are
unencumbered to allow proper make-up or break-out of the
connection without damage.

It is also recommended that any hard banded surfaces of
the pin or box tool joint tong space be excluded from the area
of tong die engagement as stated above when minirum tong
space is determined. This practice will ensure that optimum
gripping of the tongs is achieved and that damage to tong dies
is minimized In the case where tool joint diameters have
been worn to the extent that the criginal hard banding has
been substantially removed, the user may include this area in
determining the minimum tong space.

e Tong
space

The use of other types of tongs, or devices designed for the
purpose of making and breaking connections may require a
different minimum tong space than what would be deter-
mined for manual tongs. In this case, the user should apply
the criteria necessary to ensure that the intent of this recom-
mendation is satisfied.

Such minimum tong space should not be construed as a
means by which tool joints are acceptable or not with regard
to the strength or integrity of the connection as otherwise
specified in this recommended practice.

13.3.3 General

a Gauging—thread wear, plastic deformation, mechanical
damage and lack of cleanliness may all contribute to errone-
ous figures when plug and ring gauges are applied to used
connections. Therefore, ring and plug standoffs should not be
used to determine rejection or continued use of rotary shoul-
dered connections.

b. Repair of damaged shoulders—when refacing a dam-
aged tool joint shoulder, a minimum of material should
be removed. It is a good practice to remove not more than
!/3-inch from a box or pin shoulder at any one refacing
and not more than Y/ g-inch cumulatively.

It is suggested that a benchmark be provided for the deter-
mination of the amount of material which may be removed
from the tool joint makeup shoulder. This benchmark should
be applied to new or recut tool joints after facing to gauge.
The form of the benchmark may be a ¥, -inch diameter circle
with a bar tangent to the circle parallel to the makeup shoul-
der, as shown in Figure 86. The distance from the shoulder to
the bar should be /; inch. Variations of this benchmark or
other type benchmarks may be available from tool joint man-
ufacturers or machine shops.

13.3.4 Coverage

Figure 84, dimension A, indicates the length covered
under the drili pipe classification system recommended in
13.2.5. Figure 84, dimension B, indicates the length covered
under the tool joint inspection standard in 13.3.2. The length
not covered by inspection standards is indicated under a
CAUTION heading by dimension C, Figure 84.

e Tong

space

e———— Lo —

R

.;5:";-1_;'—

-(—1,3

Figure 86—Tong Space and Bench Mark Position
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13.4 DRILL COLLAR INSPECTION PROCEDURE
The following inspection procedure for used drill collars is

recommended:

a. Visnally inspect full length to determine obvious damage
and overall condition.

b. Measure OD and ID of both ends.

c. Thoroughly clean box and pin threads. Follow immedi-
ately with wet fluorescent magnetic particle inspection for
detection of cracks. A magnifying mirror may be used in
crack detection of the box threads. Drill collars found to con-
tain cracks should be considered unfit for further drilling
service. Shop repair of cracked drill collars is typically possi-
ble if the unaffected area of the drill collar permits.

d. Use a profile gauge to check thread form and to check for
stretched pins.

e. Check box counterbore diameter for swelling. In addition,
use a straight edge on the crests of the threads in the box
checking for rocking due to swelling of the box. Some
machine shops may cut box counterbores larger than API
standards, therefore, a check of the diameter of the counter-
bore may give a misleading result.

f. Check box and pin shoulders for damage. All field repair-
able damage shall be repaired by refacing and beveling.
Excessive damage to shoulders should be repaired in reputa-
ble machine shops with API standard gauges.

135 DRILL COLLAR HANDLING SYSTEMS

13.5.1 While the recent increased usage of grooved drill
collars has helped save time in tripping, it has introduced
some potential dangers to rig floor operations. These prob-
lems can be minimized by strict adherence to regularly sched-
13.5.2 When the elevator shoulder on a drill collar is new it
is square and has sufficient area in contact with the elevator.
(See Figures 87 and 88, and Table 28 for suggested dimen-
sions on new drill collars and elevators.) As the collar is used
for drilling, however, it wears as shown in Figure 89. Elevator
contact area is decreased by collar OD wear and elevator
spreading load is increased by angle and radins buildup on the
collar and corresponding wear on the elevator seat. Elevator
capacity is drastically reduced by spreading action as most all
drill collar elevators are intended for use with square shoulders
only. As an example, with ¥/,.-inch wear on the collar OD, Y;,-
inch radius worn on the comer, and a 5-degree angle on the
shoulder, elevator capacity can be reduced by as much as 40 to
60 percent, depending on collar size and elevator design.

13.5.3 Before this danger point is reached, the collar and
elevator should be shopped and the shoulders brought back to
a square condition. Be very sure the elevator shoulder radius
on the drill collar is cold worked when shoulder is reworked.
(See Section 14 for welding procedure limitations.} The top
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bore of the elevator should also be checked and comected at
this time as excessive slack between collar groove diameter
and elevator bore decreases shoulder support area and can
also let too much load shift to the elevator door.

13.5.4 The following inspection procedure for drill collar
handling systems is recommended:

a. Thoroughly clean and examine elevator adapter for cracks.
b. Check links (commonly called bails) for cracks and mea-
sure them eye to eye to be certain they are within 1 inch of
being the same length.
c. Thoroughly clean and examine drill collar elevator for
cracks with magnetic particle inspection. Make certain that
elevator safety latch works easily and works every time.
Check top seat of elevator to be certain it is square. Check
elevator top bore as follows:
1. Center-latch elevator—Ilatch elevator, then wedge front
and back of elevator open and measure at largest part of
top bore straight across between link arms. This method
will measure total wear in bore (of which there will be
very little), and wear on hinge pin and latch surfaces. Wear
should not be allowed to go above Y/,,-inch on elevators
for 5%-inches and smaller drill collars, and Y/,.-inch for
drill collars larger than 5%;-inches,
2. Side-door elevators—Ilatch elevator, then wedge latch
open. Measure top bore from front to back. Use same
wear allowance as for center-latch elevators.
d. Check elevator shoulder on drill collar to be certain it is
square. (See 13.4 for inspection procedure for the drill collar,)
e. Examine drill collar slips for general condition and for
correct size range for the collars being run. Look for cracks,
missing cotter keys, loose liners, dull liner teeth, bent back
tapers (from catching on drill coflar shoulder), and bent
handles.
f. Examine safety clamp for general condition. Look for
cracks, missing cotter keys, galled or stripped threads,
rounded-off nuts or wrenches, dull teeth, broken slip springs,
and slips that do not move up and down easily.

7%

T

¥

1
Baottom bore

Figure 87—Drill Collar Elevator
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-+ 42° Ref.
20" 16" e BEd 18—
A 3 B .
_— 3 £ ¥
F
*
f I S }
) i i Elevalor g;oave ) ) S-Iip groove )
OD legs 2A QD less 2B
40N . _
— R Cold worked radius 1" Radius
L— Dill collar OD —OD +1/16" maximum
Figure 88—Drill Collar Grocoves for Elevators and Slips
Table 28—Drill Collar Groove and Elevator Bore Dimensions
(¢} 2) 3 4 63) ® G @)
G Di : - B
Based on Drill Collar OD Based on Drill Collar OD
Dnill Collar Elev. Groove Slip Groove +J +16
OD Ranges Depth A! R c Depth 3 ) Top Bore Yy, Bottom Bore —¢
4 to &5y Ty A 4 e 37,° OD minus %, OD plus
2/, 10 55/, A Yy 5° e 3,0 OD minus %, OD plus Yy
5,10 65/, s 1y 6 iy, Se CD minus ¥/, OD plus
&l to 8, 3y Y 7Yy° Y, 5° OD minus %, OD plus Y,
- 8/, and Larger e Y, g° Y, 5° OD minus %, OD plus Y,
— Notes:
All dimensicns in inches unless otherwise specified.
These dimenstons are not to be construed as being API standard.
‘A and B dimensions are from nominal OD of new drill collac
*Angle C and D dimensions are reference and approximate.
13.6 KELLYS

|=— Original drill
I collar size

|l

Wom drill coitar

Figure 89—Dirrilt Collar Wear
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The following inspection procedure is recommended for
used kellys:

a. Follow all steps listed in 13.4 for drill collar inspection

procedure.

b. Examine junction between upsets and drive section for

cracks.

¢. Check comers of drive section for narrow wear surface

particularly on hexagonal kellys. If wear surface does not

extend at least '/, across flat, the kelly drive bushings should

be adjusted if possible and/or examined for wear.

d. Kelly straightness can be checked either of two ways:
1. By watching for excessive swing of the swivel and
traveling block while drilling, or
2. By placing square kellys on level supports {(one at each
end of drive section), stretching a heavy cord from one
end of a vertical face of the square to the other, measuring
deflection, roiling kelly 90 degrees, and repeating proce-
dure. On hexagon kellys, use the same method except
kelly will need to be placed in 120-degree V-blocks so
side face of drive section is vertical and deflection mea-
surements taken on three successive sides (turning kelly
through 60 degrees each time).
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13.7 RECUT CONNECTIONS
The following is recommended for recut connections:

a. When rotary shouldered connections are inspected and
found to require recutting, the recut connection should comply
with the requirements of the section entitled “Gauging Prac-
tice, Rotary Shouldered Connections” of API Specification 7.
b. It is recommended that a benchmark be applied to the
recut connection as suggested in 13.3.3.b.

13.8 PIN STRESS RELIEF GROOVES FOR
RENTAL TOOLS AND OTHER SHORT TERM
USAGETOOLS

Following are recommendations for pin stress relief
grooves for rental and other short term usage tools:

a. Laboratory fatigue tests and tests under actual service con-
ditions have demonstrated the beneficial effects of siress
relief contours at the pin shoulder. It is recommended that,
where fatigue failures at points of high stress are a problem,
relief grooves be provided. Rental components such as subs,
drilling jars, vibration dampeners, stabilizers, reamers, etc.,
are usually employed for relatively short periods of time
before being returned to service centers for inspection and
repair. Connection repairs are made primarily becaunse of gall-
ing, shoulder leaks and handling damages while repairs
caused by fatigue failures are secondary in occurrence.
Providers of short term usage rental tools have been reluc-
tant 10 take advantage of the benefits of stress relief grooves
because of the material loss in repairing shoulder and thread
damage. Refacing the pin shoulder and reconditioning the
threads is restricted by the tolerance on the groove width per
AFPI Specification 7.
b. To encourage the use of stress relief grooves on pins of
short term usage tools, the following is recommended. For
tools returned to a service facility after each well, such as

rental tools, a modified pin stress relief groove is recom-
mended. It is recommended that the modified pin stress relief
groove conform to Figure 90, Dimensions for Dy are found
in Table 16 of API Specification 7.

¢. Recommended initial width of the modified stress relief
groove is ¥, (+Y,5 —0) inches. After reworking for damaged
threads and shoulders, the width of the modified stress relief
groove should not exceed 1Y, inches.

d. Technical data—stress at the root of the last engaged
thread of the pin depends on the width of the stress relief
groove (SRG). Table 29 shows calculated relative stresses for
an NC5( axisymmetric finite element model with 6'/,-inch
box OD and 3-inch pin ID. A pin with no stress relief groove
is the basis for comparison.

Table 29—Maximum Stress at Root of Last Engaged
Thread for the Pin of an NC50 Axisymmetric Model

Load Condition Note 1 Note 2
SRG Maximum  Maximom Maximum  Maximum
Width, Equivalent Axial Equivalent Axial
inches Stress Stress Stress Stress
EA 84% 82% 83% 81%
1 0% 56% 63% 53%
1Y, 5% 63% 73% 64%
No SRG 100% 100% 100% 100%
Notes:

1. Make-up only at 562.000 pounds axial force on shouider,

2. 1,125,000 pounds axial tension applied to connection which causes shoul-
3. Equivalent stress is equal to 0.707 [(0; — o) + (0 — B + (& — O F]'2
where o, o, and o, are principle stresses.

4. In each case shown, equivalent stress at the root of the Last Engaged
Thread has exceeded the yield strength because these finite element calcula-
tions have been made for linear elastic material behavior. The behavior of an
actual pin is elastic-plastic.

—>| 1741/,

YRty

45° 1°

/

N

.

Dpg

/\/

Note: See Table 16 of API Specification 7
for Dimension Dyg.
Figure 90—Modified Pin Stress-Relief Groove
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Note that the least stress is expected for a groove width of 1
inch. Consequently, in operations where fatigue failures are a
problem, a groove width of 1 inch is recommended. (See Fig-
ure 16 of APl Specification 7.)

14 Welding on Down Hole Drilling Tools

14.1 Usually the materials used in the manufacture of down
hole drilling equipment (tool joints, drill collars, stabilizers
and subs) are AISI-4135, 4137, 4140, or 4145 steels.

14.2 These are alloy steels and are normally in the heat
treated state, these materials are not weldable unless proper
procedures are used to prevent cracking and to recondition the
sections where welding has been performed.

143 It should be emphasized that areas welded can only be
reconditioned and cannot be restored to their original state
free of metallurgical change unless a complete heat treatment
is performed after welding, which cannot be done in the field.

15 Dynamic Loading Of Drill Pipe
Note: For quantitative results, see Reference 15, Appendix C.

15.1 When running a stand of drill pipe into or out of the
hole, the pipe is subjected not to its static weight, but to a
dynamic load.

15.2 The dynamic load oscillates between values which are
greater and smaller than the static load (the greater values
may exceed the yield), which results in fatigue, i.e., shorten-
ing of pipe life.

15.3 Dynamic loading may exceed yield in long strings,
such as 10,000 feet.

15.4 Dynamic loading increases with the length of drill col-
lar string.

15.5 In the event the smallest value of the dynamic load
tries to become negative, the pipe is kicked off the slips, and
the string may be dropped into the hole.

15.6 The likelihood of dynamic loading resulting in a
Jjumpoff (kicking of the slips) increases as the drill pipe
string becomes shorter and the collar string becomes longer.

16.7 For a long drill pipe string, such as 10,000 feet, a
jumpoff is possible only if drill pipe, after having been
pulled from the slips, is dropped at a very high velocity, such
as 16 ft/sec.

15.8 Dynamic phenomena are severe only when damping
is small, which may be the case in exceptional holes, in
which there are no doglegs, the deviation is small, the cross-
sectional area of the annulus is large, and the mud viscosity
and weight are low.

15.9 In case of smail damping, the running time of a stand
of drill pipe should not be less than 15 seconds.
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16 Classification Size and Make-Up
Torque for Rock Bits

16.1 A classification system for desigmating roller cone
rock bits according to the type of bit (steel tooth or insert), the
type of formation drilled, and mechanical features of the bit,
was developed by a special subcommittee within the Interna-
tional Association of Drilling Contractors (IADC). The sys-
tem was accepted by IADC in March 1987 and approval by
API was proposed by the IADC subcommittee. Following
AP task group review it was recornmended that API accept
this system of classification for bit designation. The task
group recommendation was adopted by the Committee on
Standardization of Drilling and Servicing Equipment and
subsequently approved by letter ballot, It was further deter-
mined that the approved form be included in API Recom-
mended Practice 7G.

16.2 Bits may be classified and designated by an alpha-
numeric code on the bit carton with a series of three numbers
and one letter keyed to the classification system shown in
Tables 30 and 31.

16.3 Series numbers 1, 2, and 3 are reserved for milled
tooth bits in the soft, medium, and hard formation categories.
Series numbers 4, 5, 6, 7, and 8 are for insert bits in the soft,
medinm, hard, and extremely hard formations.

16.4 Type numbers 1 through 4 designate formation hard-
ness subclassification from softest to hardest within each
series classification.

16,5 The seven column listings uvnder the heading, Fea-
tures, include seven features common to the mifled tooth and
insert bits of most manufacturers. Columns 8 and 9 have been
removed and reserved for future bit development.

16.6 The form is designed to include only one manufac-
turer’s listing on each sheet, and to allow each specific bit des-
ignation in only one classification position. It is recognized,
however, that many bits will drill efficiently in a range of types
and perhaps in more than one series. Particular attention is
therefore invited to the note on the form which contains a
statement of this principle. It is the responsibility of the manu-
facturer and user to determine the range of efficient use in spe-
cific instances.

16.7 In using the form shown in Table 30, in conjunction
with Table 31, the manufacturer assigns to each bit design
three numbers and one letter that correspond with a specific
block on the form. The sequence to be followed is:

First number designates Series.

Second number designates Type.

Third number designates Feature.

Letter designates additional features, as shown in Table 31.
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Table 31—lADC Bit Classification Codes
Fourth Position

The following codes are used in the 4th position of the 4-character

Table 32—Recommended Make-up Torque Ranges
for Roller Cone Drill Bits

IADC bit classification code to indicate additional design features: Malke-up Torque Make-up Torque
Code Feature Code Feature Connection ftIb ft/ib

A Alr application' N 2%, AP1 REG 3000 3500
B (0]
C Center Jet P 27/, APIREG 4500 5500
D Deviation Control Q 3Y, APIREG 7000 9000
E Extended Jets? R Reinforced Welds? ?
F S Standard Steel Tooth Model* 4%, API REG 12000 16000
G Extra Gauge/Body Protection T
u U &%, API REG 28000 32000
13 v 71, API REG 34000 40000
J  Jet Deflection w
K X Chisel Inserts 85/, APIREG 40000 60000
L Y Conical Insert
M Z  Other Insert Shapes

Journal bearing bits with air circulation nozzles.

2Full extension (welded tubes with nozzles). Partial extensions should be
noted elsewhere.

*For percussion applications.

“Milled tooth bits with none of the extra features listed in this table.

As an example, a milled tooth bit designed for the softest series, softest type
in that series, with standard gauge, and no extra features, will be designated
1-1-1-S on the bit carton. The manufacturer will also list this bit designation
in this block on the form.

16.8 Classification forms are available from: International
Association of Drilling Contractors (IADC), PO. Box 4287,
Houston, Texas 77210.

16.9 Recommended torque for roller cone bits is shown in
Table 32. Recommended torque for diamond drill bits is
shown in Table 33,
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Nowe:

Basis of calculations for recommended make-up torque assumed the use
of a thread compound containing 40 to 60 percent by weight of finely
powdered metallic zinc ot 60 percent by weight of finely powdered
metallic lead, with not more than 0.3 percent total active sulfur, applied
thoroughly to all threads and shoulders (see the cantion regarding the use
of hazardous materials in Appendix G of AP1 Specification 7). Due to the
irregular geometry of the ID bore in roller cone bits, tongue valves are
based on estimated cross-sectional areas and have been proven by field
experience.

16.10 Common sizes for roller bits are listed in Table 34.
Sizes other than those shown may be available in limited cut-
ting structure types.

Common sizes for fixed cutter bits are listed in Table 35.
Sizes other than those shown may be available in limited cut-
ting structure types.
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Table 33—Recommended Minimum Make-up Torques Table 34—Common Roller Bit Sizes
for Diamond Dnill Bits
Size of Bit, Size of Bit,
Maximum Bit Sub Minimnm . in. in.
PinID oD Make-Up Torque
Conpection in, in. fi/b 3B, 9y,
2%/, AP REG 1 3 1791* 3, ¥,
3y, 2419+
3, 3085* &, 105
5 11
271, API REG 14, 3y, 3073+
v, 4617 6 124,
3%, 4658 6y 134,
3/, APTREG 1Y, 44, s171* &' 14,
44, 6306* &Y, 16
4y, 7660
&1, 17,
4'/, AP REG 2, 5y, 12451* 7, 20
5, 16476*
6 17551 #h z
6Y, 17757 8Y, 24
6, APLREG M, 7, 37100% i, 26
7/, 37857
8 38193
1, . . >
84, 3ss27 Table 35—Common Fixed Cutter Bit Sizes
7%, APLREG 3, 8y, 48296% Size of Bit, Size of Bit,
8, 57704 in. in.
? 59966 3, 84,
91y, 60430
o1, 60895 4, 8,
*Note: LA 9y,

the comesponding outside diameter (OD) and bore is the BOX. For all ofher 5 S
torque values the weaker member is the PIN. 5 10%
Bauis of calculations for recommended make-up torque assumed the use
of a thread compound contsining 40 to 60 percent by weight of finely pow- 6, 12Y,
dered metallic zinc or 60 percent by weight of finely powdered metallic lead,
with not more than 0.3 percent total active sulfur, applied thoroughly to all &Y, 14,
threads and shoulders (reference the CAUTION regarding the use of hazard-
ous materials in Appendix G of API Specification 7) and using the modified 5, 16
Screw Jack formula in A8 and a unit stress of 50,000 psi in the box or pin,
whichever is weaker. &/, 17
Normal torque range is tabulated value plus 10 percent. Higher torque val- 7
3

ues may be used under extreme conditions.
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A.1 Torsional Strength of Eccentrically
Worn Drill Pipe
Assume 1: Eccentric hollow circular section (see Figure A-1).
Reference: Formulas for Stress & Strain, Roark, 3nd Edition.

. g

O a o
¥

Figure A-1—Eccentric Hollow Section of Drill Pipe

_ ®mS(D-d%
T 12x16xDXF’ @l

where
2z 2 2
F=q, 4N 32N’¢
+(1-1\!’)+(1~1\12) (1-NY
48N*(1 +2N* +3N* + 2N ¢’
+ E)
(1-N* (1-N*) (1-N%

= d@,
=L
=5
torque, ft-1bs.,

minimum shear strength, psi,
outside diameter, in.,
inside diameter, in.

Ay & =

Assume 2; The intemal diametet, d, remains constant and
at the nominal ID of the pipe throughout its life.

Assume 3: The external diameter D is d + ¢ nominal + ¢
minimum; i.c., all wear occurs on one side. This diameter is
not the same as diameter for uniform wear.
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APPENDIX A-—STRENGTH AND DESIGN FORMULAS

Note: Torsional yield strengths for Premium Class, Table 4, and Class 2,
Table 6 were calculated from Equation A.1, using the assumption that wear is
uniform on the external surface.

A2 Safety Factors

Values for various performance properties of drill pipe are
given in Tables 2 through 7. The values shown are minimum
values and do not include factors of safety. In the design of
drill pipe strings, factors of safety should be used as are con-
sidered necessary for the particular application.

A.3 Collapse Pressure for Drill Pipe
Note: See API Bulletin 5C3 for derivation of equations in A.3.

The minimum collapse pressures given in Tables 3, 5, and
7 are calculated values determined from equations in API
Bulletin 5C3. Equations A.2 through A5 are simplified equa-
tions that yield similar results. The D/t ratio determines the
applicable formula, since each formula is based on a specific
Dit ratio range.

For minimum collapse failure in the plastic range with
minimum yield stress limitations: the external pressure that
generates minimum yield stress on the inside wall of a tube.

(D/1) - 1]

P, = 2Y A2
e= 2 S 42)

Applicable D/t ratios for application of Equation A.2 are as
follows:

Grade D/t Ratio

L 13.60 and less
4 12.85 and less
L2 L 12.57 and less
£ L 11.52 and less

For minimum collapse failure in the plastic range:

P, = Y,,,[(B‘%) -B]-c (A3)

Factors and applicable D/t ratios for application of Equa-
tion A.3 are as follows:

Formula Factors
Grade A' B C Dyt Ratio
E75 3.054 0.0642 1806 13.60t0 22.91
X95 3124 0.0743 2404 12.851t021.33
G105 1162 00794 2702 12.57 t0 20.70
5135 3278 0.0546 3601 119210 19.18
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For minimum collapse failure in conversion or transition
zone between elastic and plastic range:

P, = Y,,,[(Dih)- ] (Ad)

Factors and applicable D/t ratios for application of Equa-
tion A.4 are as follows:

Formula Factors
Grade A B Dyt Ratio
E75 1.990 0.0418 22.91 10 32.05
X95 2.029 0.0482 21.331028.36
G105 2.053 0.0515 20.70 1o 26.89
8135 2.133 0.0615 19.18 10 23.44

For minimum collapse failure in the elastic range:

_ _ 4695x10°
A(D/OLD/D)-1F

(A.5)

Applicable D/t ratios for application of Equation A.5 are as

follows:
Grade Dyt Ratio
3 1 NN 32.05 and greater
XS i iiiiissieiireiraaresies e 28.36 and greater
e 11 IO 26.89 and greater
3 K 23.44 and greater
where

P. = minimum collapse pressure, psi,

*D = nominal outside diameter, in.,

*; = nominal wall thickness, in.,

¥, = material minimum yield strength, psi.

*Collapse pressures for used drill pipe are determined by adjusting the nomi-
nal outside diameter, D, and wall thickness, £, a8 if the wear is uniform on the
outgide of the pipe body and the inside diameter remaing constant. Values of
D and £ for cach class of used drill pipe follow. These values are to be used in
applicable Equation A2, A3, A4, or A5, depending ou the D/t ratio, to
determine collapse pressure.

Premium Class: # = (0.80) (nominal wall), D = sominal OD — (0.40) (nom-
inal wall)

Class 2: 1= {0.70) (nominal wall), D = nominal OD - (0.60) {nominal wall)

A.4 Free Length of Stuck Pipe

The relation between differential stretch and free length of
|  astuck string of steel pipe due to a differential pull is:

_ EXeXWdP

Lo=—03p (A6}
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where
L, = length of free drill pipe, ft.,
E = modulus of elasticity, Ibfin.,?
e = differential stretch, in.,
W, = weight per foot of pipe, Ibs/ft.,

P = differential pull, Ibs.
Where E = 30 x 105, this formula becomes:
_ 735294 xex Wap

L= 7 (A7)

A5 Intemal Pressure
AS5.1 DRILL PIPE

2¥, ¢

P, = 3 (A.S)
where
P, = internal pressure, psi,
¥, = material minimwm yield strength, psi,

t = remaining wall thickness of tube, in.,
D = nominal outside diameter of tube, in.

Notes:

1. Internal pressures for new drill pipe in Table 3 were determined by using the
nominal wall thickness for 1 in the above equation and multiplying by the fac-
tor 0.875 due to permissible wall thickness tolerance of minns 12/, percent.
2. Internal pressures for used drill pipe were determined by adjusting the
nominal wall thickness according to footnoles below Table 5 and 7 and using
the nominal cutside diameter, in the above Equation A.3.

AS52 KELLYS

P = Y, [Dy;’ —(Dpy, - 2t)°}

) = , (A.9)
'\/3 (DM.)4 + (D - 2')4

where
P, = internal pressure, psi,
Y,, = material minimum yield strength, psi,
Dy = distance across drive section flats, in.,
t = minimum wall, in.

Note: The dimension ¢ is the minimum wall thickness of the drive section and
must be determined in each case through the use of an vltrasomic thickness
gange or similar device.

A.6 Stretch of Suspended Drill Pipe

When pipe is freely suspended in a fluid, the stretch due to
its own weight is:
L?

€ = %F

[Wo=-2W, (1-p)], (A.10)
where

e = stretch, in.,

L, = length of free drill pipe, ft.,
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i E = modulus of elasticity, psi, A.8 Torque Calculations for Rotary
W, = weight of pipe material, Ib/cu ft. Shouldered Connections (see Table
W, = weight of fluid, Ib/cu ft., A-1 and Figure A-2)
m = Poisson’s ratio.

"5 YIELD
For steel pipe where W, = 489.5 Ib/cu ft, E = 30 x 10° psi A8.1 TORQUETO A ROTARY

SHOULDERED
and ¢ = 0.28, this formula will be: ou CONNECTION
L’ _ z’_e(z RS )
= Taxig [0S - LaAw,, A11) Ty =152t coso T R )
o where
2 . . .
e = L,  [65.44-144W,], (A12) T, = tumm.g mom.entortorquereqmredtoyleld, ft-Ibs.,
9.625x10 ¥, = material minimum yield strength, psi,
where p = lead of thread, in.,
W; = weight of fluid, Ib/eu ft., f = coefficient of friction on mating surfaces, threads
W, = weight of fluid, 1b/gal. and shoulders, assumed (.08 for thread com-
pounds containing 40 to 60 percent by weight of
A7 Tension finely powdered metallic zinc. (Reference the cau-
tion regarding the use of hazardous materials in
P=Y.A, (A.13) Appendix G of Specification 7.),
where = 1/, included angle of thread (Figures 21 or 22,
P = minimum tensile strength, Ibs., 1 Szpeci.ﬂca.tion -’lg)l’ degrees,
¥,, = material minimum yield strength, psi, .
A = cross-section area, sq. in, (Table 1, Column 6, for R = C+[C—(L, ~.625)X1tprx ‘A3 ]
drill pipe). 4
4—3[4——1-
|-+— 5/g—»
W - o
N | o
— I
. | o <77
|
AP: Pin
| L
R, Q C L . L
L L 2 2 >
Rl
I

Figure A-2—Rotary Shouldered Connection
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L,. = length of pin (Specification 7, Table 25, Column
D), in.,
R, = Y,(OD+Q),in.
The maximum value of R, is limited to the value
obtained from the calculated OD where A, = A,,
A = cross-section area A, or A, whichever is smaller,
8q. in.

where

A,=§ [(C - B - ID?] = without relief grooves,

A, = < [(Dps? — ID?] = with relief grooves,

]

where
Dy = diameter of relief groove (Specification 7, Table
16, Column 5), in.,
C = pitch diameter of thread at gauge point (Specifica-
tion 7, Table 25, Column 5), in.,
ID = inside diameter, in.,

B = 2(%—5") +¢rxl,sxlllz,

H = thread height not truncated (Specification 7, Table
26, Column 3), in.,

$,. = root truncation (Specification 7, Table 26, Column
5),in.,

tpr = taper (Specification 7, Table 25, Column 4), in fft.,

A= (00— Q.- EY),

where
OD = outside diameter, in.,
(. = box counterbore (Specification 7, Table 25,
Column 11), in.,
E = tprx3yxly,

A.8.2 MAKE-UPTORQUE FOR ROTARY
SHOULDERED CONNECTIONS

_SA(p RS )
r= 12 (21c+cos9+R'f i

where
A = A, or A, whichever is smaller; A, shall be based on
pin connections without relief grooves, sq. in.,
§ = recommended make-up stress level, psi.

Note: For values of S, see 4.8.1 for Tool Joints and 5.2 for Drill Collars,

A.8.3 COMBINEDTORSION AND TENSION TO
YIELD A ROTARY SHOULDERED
CONNECTION

Figure A-3 shows the limits for combined torsion and ten-
sion for a rotary shouldered connection. The connection
nomenclature is defined in A_8.1. The loads considered in this
simplified approach are torsion and tensicn. Bending and
internal pressure are not included, nor is the contribution of
shear stress due to torsion. A design factor of 1.1 should be
used to provide some safety margin. This safety margin may
not be sufficient for cases involving severe bending or ele-
vated temperature. (See 4.5.)

The failure criteria is either torsional yield or shoulder sep-
aration.

T4 T3
3 p i l 1 _Pin yield _
7% —

XA
\
.

0 Applied Torsion
Figure A-3—Limits for Combined Torsion and Tension for a Rotary Shouldered Connection
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The end points for the limits lines are defined by five equa-
tions:

Y,

Pl = (ﬁ)A

- Y, P lf
Tl = (1.1 %12 )A"(Z cos0+R’f)
Y. p , RS )

T2 = AfZ 20 g
(1.1 % 12) ’(21c+ cose+ -f
( ) P R:f)
1.1x12/7%\2xn

_ Y, AA Y p RS
T4 = (1.1 X 12)(A, + A,,)(fr-: toos8 R‘f)

Depending on the connection geometry, 73 may be greater
or smaller than 74. The same is true for 71 and 72,

The line (0,0) to (T4, P1) represents shoulder separation
for low makeup torque. The line (72, 0) to (73, P1) represents
pin yield under the combination of torque and tension. The
line (71, 0) to (T1, P1) represents box yiekd due to torsion.
The horizontal line from P1 represents maximum tension
load on the pin.

A.9 Drill Pipe Torsional Yield Strength
A91 PURETORSION ONLY

0= 0.096167JY,, i (A.15)
D
where
Q = minimum torsional yield strength, ft-Ib.,
¥,, = material minimum yield strength, psi,
J = polar moment of inertia
T
=35 {(D* — d*) for mbes
= 0.098175 (D* - &%,
D = outside diameter, in.,
d = inside diameter, in.
A.9.2 TORSION ANDTENSION
2
O = 0.096167J Yi—f-i . (A.16)
D A
where
@ = minimum torsional yield strength under tension,

ft-b.,
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J = polar moment of inertia

r
D) (D* — d*) for tubes

0.098175 (D* — d%),
outside diameter, in.,
inside diameter, in.,
¥,, = material minimum yield strength, psi,
P = total load in tension, Ibs.,
A = cross section area, sq. in.

D
d

A.10 Drill Collar Bending Strength Ratio

The bending strength ratios in Figures 26 through 32 were
determined by application of Equation A.17. The effect of
stress-relief features was disregarded.

=—— (A17)

where
BSR = bending strength ratio,

Zy = box section modulus, cu. in.,
= pin section modulus, cu. in.,
outside diameter of pin and box (Figure A4), in.,
inside diameter or bore (Figure A-4), in.,
thread root diameter of box threads at end of pin
(Figure A-4), in.,
R = thread root diameter of pin threads %/, inch from

shoulder of pin (Figure A-4), in

To use Equation A.17, first calculate:
Dedendum, b, and R

o n N
Il

Dedendum = %I _f., (A18)
where
H = thread height not truncated, in.,
Jfx = root truncation, in.
b= P M= 829) | dedendum). (A19)

12
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4 4

i Pin length, Lec . BSR(NC46-62) = 2 I;b

R-&

Box R
5/,
o1y, Pin (6.25)' — (4.120)*
l .Fa,r‘.l I _ 6.25

D & R 4 b (4.465)1;;?8125)‘

- - - - = 2.64:1

Figure A-4—Rotary Shouldered Connection Location
of Dimensions for Bending Strength

Ratio Calculations
where
C = pitch diameter at gange point, in.,
tpr = taper, in/ft.

R=C— (2 xdedendum) —(prx Yy x V) (A.20)

An example of the use of Equation A.17 in determining the
bending strength of a typical drill collar connection is as fol-

lows:

Determine the bending strength ratio of drill collar NC46-

62 (6'/, OD x 2'*/,) ID connection.

D = 6.25 (Specification 7, Table 13, Column 2),
d = 2'%,, = 2.8125 (Specification 7, Table 13, Col-
umn 3),
C = 4.626 (Specification 7, Table 25, Column 5),
Taper = 2 (Specification 7, Table 25, Column 4),

L, = 4.5 (Specification 7, Table 25, Column 9),

H = 0.216005 (Specification 7, Table 26, Column 3),
f.. = 0.038000 (Specification 7, Table 26, Column 5).

First calculate dedendum, b, and R

Dedendiom = & - £, = 22505 _ 438000 =.0700025
b C"‘"(f;‘"m) + (2 x dedendum)
b= 4.626- M + (2 x .0700025)
b = 4.120,

R = C— (2 x dedendian) — (tpr x Yy x ')
R = 4626 — (2 x.0700025) - (2 x Yy x/y,)
R = 4.465.

Substituting these values in Equation A.16 determines the

bending strength ratio as follows:
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A.11 Torsional Yield Strength of Kelly
Drive Section
The torsional yield strength of the kelly drive section val-
ves listed in Tables 15 and 17 were derived from the follow-
ing equation:

_ 0577 Y, [0.200(a’ - %]

Y 12

where
Y, = tensile yield, psi,
a = distance across flats, in.,
b = kelly bore, in.

A.12 Bending Strength, Kelly Drive
Section ’

The yield in bending values of the kelly drive section listed
in Tables 15 and 17 were determined by one of the following
equations;

a. Yield in bending through corners of the square drive sec-
tion, ¥y, ft-Ib:

y.. _ Yn(0118 a*-0.069 b
Bc = 12a

b. Yield in bending through the faces of the hexagonal drive
Secﬁ.on Yap ﬁ"]-b:

_ ¥, (0.104 2"~ 0.085 b“)

Y
BF 12a

A.13 Approximate Weight of Tool Joint
Plus Drill Pipe

Approximate Weight of Tool Joint Plus Drill Pipe
Assembly, Ib/ft =

( Approximate Adjusted + Approximate Weight)
Weight of Drill Pipe x 29.4 of Tool Joint
Tool Joint Adjusted Length + 29.4 '
(A21)
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where
Approximate Adjusted Weight of Drill Pipe, Ib/ft =

Plain Bod Weight + Upset Weight

0.4 (A.22)

Plain end weight and upset weight are found in API Speci-
fication 5D.

Approximate Weight of Tool Joint, Ibs =
0222 LD - d + 0.167(DP - D) - 0.501 5D - D,p)
(A23)

Dimensions for L, D, d, and Dy, are in API Specification 7,
Figure 6 and Table 7.

Adjusted Length of Tool Joint, ft =
L +2.253 (D-Dyg)
12

(A.24)

A.14 Critical Buckling Force for Curved
Boreholeg?7.22.30,31,32

A.14.1 The following equations define the range of hole
curvatures that buckle pipe in a three dimensionally curved
borehole. The pipe buckles whenever the hole curvature is
between the minimum and maximum curvatures defined by
the equations.

4xEx]t
if Fy &« —————— pi
» < 2xh xR, pipe not buckled,
. AdxExJI
‘fF"Elthch,,'
_12xh XF
7 TaxExl '

_ F 312
Bynin = %}[(m:_(lt_j ) + W, % sine} .
b
F 2+ 172
Bypar = Sz'i)[(w‘:_(fj ) -W,_x sinB] .
b

F, = critical buckling force (+ compressive) (Ib),
By = minimum vertical curvature rate to cause buck-
ling (+ building, — dropping) (*/100 ft),

Bype, = maximum vertical curvature rate that buckles
pipe (+ building, — dropping) (°/100 ft),
W,, = equivalent pipe weight required to buckle pipe
at F, axial load,
E = 29.6 x 10° psi,

_ 0.7854(0D"'-I1D%)
- 16 ¥

where

H
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W, = w,[ﬁs'sT;g’E) buoyant weight of pipe (Ib/Ft),
W, = actual weight in air (Ib/ft),
MW = mud density (Ib/gal),
-TJOD
h,= (D-—H—Z—JO—) radial clearance of tool joint to
hole (in.),
Dy; = diameter of hole (in.),
TJOD = OD tool joints (in.),

B, = JBZ:- B2 lateral curvature rate {°/100 ft),
By = total curvature rate (°/100 ft),
_ 5730

L

6 = inclination angle (deg).

R lateral build radius (ft),

A.14.2 T the hole curvature is limited to the vertical plane,
the buckling equations simplify to the following:

—_— 12%h, % F}
¥ AxExI
—5730 x (W, + W,, X sin®)
BVMin = Fb ’
5730 x (W,, — W,, X sin®)
Ber.u: = ]

Fy

where
By, = minimum vertical curvature rate for buckling
(+ building, — dropping) (°/100 ft),
By,... = maximum vertical curvature rate for buckling
{(+ building, — dropping) (°/100 ft),
F, = buckling force (Ib),
E = 29.6 % 105 (psi),

_ 4yt
I= 64( oD’ -ipY),
W,, = buoyant weight equivalent for pipe in curved
borehole (Ib/ft),
= W.(E-S-%S_ISM—W) buoyant weight of pipe (Ib/ft),
W, = actual weight of pipe in air (Ib/ft),
MW = mud density (Ib/gal),

(D_E:_;M_D) radial clearance of tool joint to

W,

h =

hole (in.),
DH = diameter of hole (in.),
TiOD = OD of tool joint (in.),
9 = inclination angle (deg).
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A.14.3 Figures A-5 and A-6 show the effect of hole curva-
ture on the buckling force for 5-inch and 3}4-inch drillpipe.
Figure A-7 shows the effect of lateral curvatures on the buck-
ling force of 5-inch drillpipe. For lateral and upward curva-
tures, the critical buckling force increases with the total
curvature rate.

A.15 Bending Stresses on Compressively
Loaded Drillpipe in Curved
Boreholes3*34

A.15.1 The type of loading can be determined by compar-
ing the actual hole curvature to calculated values of the criti-
czl curvatures that define the transition from no pipe body
contact to point contact and from point contact to wrap con-
tact. The two critical curvatures are computed from the fol-
lowing equations.

57.3x100x12xAD

QRS

B, = the critical hole curvature that defines the tran-
sition from no pipe body contact to point con-

tact (°/100 ft),
AD = (TJOD - OD),
TJOD = tool joint OD (in.),
OD = pipe body OD (in.),
1/2
7= ()
L = length of one joint of pipe (in.),
E = Young's modulus 30 x 10° for steel (psi),
I = moment of inertia of pipe body (in.)
_ ®{OD'-ID%
= g
F = axial compressive load on pipe (Ib),
ID = pipe body ID (in.).
B = 57.3x100x12xAD
IxL %+ L573L B 53131.
2 - -
YT D)
where

B, = the critical curvature that defines the transition
from point contact to wrap contact (°/100 ft),

AD = (TJOD-OD),
TIOD = tool joint OD (in.),
OD = pipe body OD (in.),
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E X 172
J = (T @(n.),
L = length of one joint of pipe (in.),
E = Young’s modulus 30 x 10% for steel (psi),
I = moment of inertia of pipe (in.*)
_ n(oD'-ID%)
==
F = axial compressive load on pipe (Ib),
ID = pipe body ID (in.).

A15.2 If the hole curvature is less than the critical curva-
ture required to begin point contact, the maximum bending
stress is given by the following:

S = BXODXFxJxL
b= >
573x 100 12x4xIx sm(%)

where
maximum bending stress (psi},
hole curvature,
axial compressive load on pipe (Ib),
Exn\'?
(_F_ (m')9
Young’s modulus 30 x 10° for steel (psi},
moment of inertia (in.)
=(OD" - ID%)
64 1]
pipe body OD (in.),
ID = pipe body ID (in.).
L = length of one joint of pipe (in.),
A.15.3 If the hole curvature is between the two critical cor-
vatures calculated, the pipe will have center body point con-
tact and the maximum bending stress is given by the
following equation:

oL M

oD

_EXODXU?| Axsin®+Bxcos

5 4R ) . 2 ’
Uxsinl -4 xsin (%)
where
E = Young’s modulus, 29.6 x 10° for steel (psi),
OD = pipe body OD (in.),
ID = pipebody ID (in.),
L
U= 57°
L = length of one joint of drillpipe for point contact
of pipe body (in.),

L = L,forwrapcontaﬂ(iﬂ-),
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5-in. 19.5 Ib/ft Drill Pipe, 6.375 in Tool Joint
10 ppg mud, 90 deg 8.5 in hole

100 Y |
90 ! :
|
I
I
a /
70 . ' ”
|
buckied -
2 e0
: /
3 1
€ 50
g
£ Not buckled
8 P_lpeonhigh wi
2 side of hole 7
3 ~ /
= 40
Q E:
/
; /.
30 : :
" / : - g_ot bucltled
N7 o
20 3 // z !
/ - : | I
10 —f==
0 1 i i ;
-10 5 0 5 10

Vertical build rate—°/100 ft.

Figure A-5—Buckling Force vs Hole Curvature
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3.5-in. 13.3 Ib/t Drlll Pipe, 4.75 in Tool Joint
10 ppg mud, 90 dag 6.0 in hole
100 \ 7
A
\
i
90
/
\ /
A\
‘\
80
I
\\ '/
70 \‘ ,l'
\ et /
8 eo \
o /
8 \ /
T A I/
: \
8
2 ¥ \ 7
% \ a
g /
5 % 7
¥,
Not buckled /
30 Pipe on high li'l
side of hole V4
7 Not buckied
p, Pipe on low
7 sida of hole
20 4
/ a
.
* /
10
—
- -
=
]
-10 -5 ] 5
Vertical build rate—-*/100 ft.
Figure A-6—Buckling Force vs Hole Curvature
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100

5-in. 19.5 Ib/At Drill Pipe, €.375 in Tool Joint

10 ppg mud, 90 dag 8.5 in hole

I..1

17

—

Critical buckling force—1000 |bs.

1707FA ) 1)

180”}?4

10
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Total curvature rate-—/100 fi,

Figure A-7—Buckling Force vs Hole Curvature
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A= (1 +4_XRXAD)sinU—ciIxsinz(H),

LZ
- oo )]
0 = arcaa),
7= (EXY" o,

I = -6—’;(01)“ -IDY (%,
AD = diameter difference tool joint minus pipe body
oD,
AD = (TJOD - OD) (in.),
TJOD = tool joint OD (in.),
573 x100x 12B,
B = hole curvature (°/100 ft.).

]
i

A.15.4 If the hole curvature exceeds the critical curvature
that separates point contact from wrap contact, we need 1o
first compute an effective pipe length in order to calculate the
maximum bending stress. The effective pipe span length is
calculated from the following equation by trial and error until
the calculated curvatre matches the actual hole curvature:

B = 57.3x100x 12X AD

47 L, 2
JxL, r +

2 ST3L, $7.3L,
4than( 41) m( 4])

.4

i

= effective span length (in.),
= hole curvature (°/100 ft.),
= diameter difference between tool joint and pipe
body,
= TJOD-0D (in),
= tool joint OD (in.),
pipe body OD (in.),
= pipe body ID (in.).
12
- (&) .
= Young’s modulus 29.6 x 10¢ for stecl (psi),
T 4 4
= a( C_'D -iD7),
= axial compressive load (Ib),
length of pipe body touching hole (in.),
L-L,
= length of one joint of pipe (in.).

o
M F Y o . ISSBE Bos
Il
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A.15.5 The maximum bending stresses can then be com-
puted using the equation for point contact and a pipe body
length equal to the effective span length.

A.15.6 One of our major concerns when drilling with com-
pressively loaded drillpipe is the magnitude of the lateral con-
tact forces between the tool joints and the wall of the hole and
the pipe body and the wall of the hole. Various authors have
suggested operating limits in the range of two to three thou-
sand pounds or mere for tool joint contact faces. There are no
generally accepted operating limits for compressively loaded
pipe body contact forces. For loading conditions in which
there is no pipe body contact, the lateral force on the tool
joints is given by:

FxLxB
L = 3= 12
where
Fy; = lateral force on tool joint (b),
L = length of one joint of pipe (in.},
B = hole curvature (°/100 ft.).

A.15.7 For loading conditions with point or wrap contact,
the following equations give the contact forces for the tool
joint and the pipe body:

(1 _4RxAD)sinU_ isinz(g)
2xExIx U L? v 2

RXL, . 4 . 5 ’
[ smU—Esm (-;-r)

LFy; =

where
FxL
LF,, = —~=-LF,
LF; = lateral force on tool joint (Ib),
LF,,, = lateral force on pipe body (Ib),
L\v = L_Le’
L, = length of pipe (in.),
L, = L for point contact {in.),
L, = effective span length for wrap contact,
573x100x 12
R= —M—
B
B = hole curvature (°/100 ft.),
L,
V=12
172
J = (E% (in)2,
AD = diameter difference tool joint minus pipe OD (in.),
AD = TJOD -0D (in.),
_ T 4 _rpt
I = 64(0D IDY),
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APPENDIX B—ARTICLES AND TECHNICAL PAPERS

Many of the topics covered in Recommended Practice 7G
have been the subject of significant investigation by various
parties in the industry. Following is a partial list of articles
and technical papers on topics related to items found in Rec-
ommended Practice 7G.

1. Arthur Lubinski, “Maximum Permissible Dog-Legs in
Rotary Boreholes,” Journal of Petrolewm Technology, Febru-
ary 1961.

2. Robert W. Nicholson, “Minimize Drill Pipe Damage and
Hole Problems. Follow Acceptable Dogleg Severity Limits,”
Transactions of the 1974 International Association of Drill-
ing Contractors (IADC} Rotary Drilling Conference.

3. K. D. Schenk, “Calco Learns About Drilling Through
Excessive Doglegs,” Oil and Gas Journal, October 12, 1964.

4. G. J. Wilson, “Dogleg Control In Directionally Drilled
Wells,” Transactions of The American Institute of Mining, Met-
allurgical, and Petroleurn Engineers (AIME), 1967, Vol. 240,
5. Hansford, John E. and Lubinski, Arthur, “Cumulative
Fatigue Damage of Drill Pipe in Dog Legs,” Journal of Petro-
lewn Technology, March 1966.

6. Hansford, John E. and Lubinski, Arthur: “The Effect of
Drilling Vessel Pitch or Roll on Kelly and Drill Pipe Fatigue,”
Transactions of AIME, 1964, Vol. 231.

7. Thad Vreeland, Jr., “Dynamic Stresses In Long Drill Pipe
Strings,” The Petroleum Engineer, May 1961.

8. Henry Bourne, Continental Qil Co., Ponca City, Okla-
homa, Drilling Fluid Corrosion, Unpublished.

9. Edward R. Slaughter, E. Ellis Fletcher, Arthur R. Elsear,
and George K. Manning, “An Investigation of the Effects of

Hydrogen on the Brittle Failure of High Strength Steels,”
WADC TR. 56-83, June 1955.

10. H. M. Rollins, “Drill Stem Failures Due to H,S8,” Oil and
Gas Journal, January 24, 1966.

11. Walter Main, Discussion of Paper by Grant and Texter,
“Causes and Prevention of Drill Pipe and Toel Joint Trou-
bles,” World Qil, October 1948.

12. J. C. Stall and K. A. Blenkam, “Allowable Hook Load
and Torque Combinations For Stuck Drill String,” Mid-Conti-
nent API District Meeting, Paper No. 851-36-M, April 6,
1962.

13. Armmco Steel Corporation, *Oil Country Tubular Prod-
ucts—Engineering Data,” 1966.

14. Arthur Lubinski, ‘“Fatigue of Range 3 Drill Pipe,” Revue
de L'Institut Francais du Petrole, November 2, 1977 (English
translation).

15. Arthur Lubinski, “Dynamic Loading of Drill Pipe During
Tripping,” Journal of Petroleum Technology, August 1988,
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16. Huang T., Dareing D.W., “Buckling and Lateral Vibra-
tion of Drill Pipe,” Journal of Engineering for Industry,
November 1968, pp. 613-619.

17. Dareing D. W, Livesay B. J., “Longitudinal and Angular
Drillstring Vibrations With Damping,” Journal of Engincer-
ing for Industry, November 1968, pp. 671-679.

18. Combes J. D., Baxter V. R., “Critical Rotary Speeds Can
Be Costly,” Petroleum Engineer, September 1969, pp. 60-63.

19. Besaizow A. A, et. al,, “Development of a Surface Drill-
string Vibration Measurement System, ™ Society of Petro-
leum Engineers (SPE) SPE 14327, presented at the 1985
Technical Conference, Las Vegas, September 22-25, 1985.

20. Burgess T. M., McDaniel G. L., Das P. K., “Improving
Tool Reliability with Drillstring Vibration Models—Field
Experience and Limitations,” SPE/IADC 16109, presented at
the 1987 SPE/TADC Drilling Conference, New Orleans,
March 1987.

21. Halsey G. W., et. al., “Torque Feedback Used to Cure
Slip-Stick Motion,” SPE 18049, presented at the 1988 Tech-
nical Conference, New Orleans, March 1987.

22. Cook R. L., Nicholson J. W., Sheppard M. C., and West-
lake W., “First Real Time Measurements of Downhole Vibra-
tions, Forces, and Pressures Used to Monitor Directional
Drilling Operations,” SPEIADC 19651, presented at the
1989 SPE/IADC Drilling Conference, New Orleans, Febru-
ary 28 to March 3, 1989.

23. Warren T. M., Brett J. F, and Sinor L. A., “Development
of a Whirl-Resistant Bit,” SPE 19572, presented at 1989 SPE
Annual Technical Conference and Exhibition, San Antonio,
October 8-11.

24. Yanglie Zhang, Zaiyang Xiao, “Motion of Reviewing the
Section 9 of API RP 7G,” presented at the API Standardiza-
tion Conference, June 1993.

25. Nicholson J. W., “An Integrated Approach to Drilling
Dynamics Planning, Identification, and Control,” SPE/IADC
27537, presented at the SPE/TADC Drilling Conference, Dal-
las, February 15-18, 1994,

26. Fereidoun Abbassian, “Drillstring Vibration Primer,” BP
Exploration, Unpublished.

27. Dawson, Rapier, and Paslay, PR., *Drillpipe Buckling in
Inclined Holes,” JPT, October 1984.

28. Standard DS-1, Drill Stem Design and Inspection, Sec-
ond Edition, T.H. Hill Associates, Inc., Houston, Texas,
August 1997.

29. Mitchell, R.E, “Effects of Well Deviation or Helical
Buckling,” SPE 29462, SPE Production Operations Sympo-
sium, Oklahoma City, April 1995.
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30. Schuh, FJ., “The Critical Buckling Force and Stresses for
Pipe in Inclined Curved Boreholes,” SPE/IADC 21942, SPE/
IADC Drilling Conference, Amsterdam, March 11-14, 1991.
31. Kyllingstad, Aage, “Buckling of Tubular Strings in
Curved Wells,” Journal of Petroleum Science and Engineer-
ing, 12, 1995, pp. 209-218.

32. Swryanarayana, P.V.R.; McCann, R.C., “An Experimental
Study of Buckling and Post-Buckling of Laterally Con-
strained Rods,” Journal of Energy Resources Technology, Vol.
177, June 1995, pp. 115-124,

33. Paslay, PR.; Cernocky, E.P, “Bending Stress Magnifica-
tion in Constant Curvature Doglegs with Irnpact on Drilling
and Casing,” SPE 22547, the SPE 66th Annual Technical
Conference and Exposition, Dallas, Texas, October 6-9,
1991.

34, Acknowledgment: Subcommittee appreciates the use of
Shell Exploration and Production Company proprictary BSM
Bending Stress Code.
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35. Morgan, R.P; Roblin, M.J., “A Method for the Investiga-
tion of Fatigue Strength in Seamless Drillpipe,” ASME Con-
ference, Tulsa, Oklahoma, September 22, 1969.

36. Casner, John, A., “Endurance Limit of Drill Pipe,” letter
1/21/95 to John Altermann,

37. Hansford, I.E.; Lubinski, A, “Cumulative Fatigue Dam-
age of Drillpipe in Doglegs,” Journal of Petroleum Technol-
ogy, March 1966, pp. 359-363.

38. Lubinski, Arthur A, “Maximum Permissible Dog-Legs
in Rotary Boreholes,” Journal of Petroleum Technology, Feb-
mary 1961,

39. Acknowledgment: Subcommittee appreciates the release
by Mobil Expioration and Production Technical Center, Dal-
las, Texas of the report, “Buckling of a Rod Confined to be in
Contact with a Toroidal Surface, Parts I and IL,” by Paul R.
Paslay, October 15, 1993.
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The American Petroleum Institute provides additional resources
and programs to industry which are based on API Standards.

For more information, contact:

 Seminars and Workshops

e Inspector Certification Programs

e American Petroleum Institute

Quality Registrar

e Monogram Licensing Program

e Engine Oil Licensing and
Certification System

e Petroleum Test Laboratory
Accreditation Program

¢ Training Programs

202-682-8187
202-682-8222

202-682-8161
202-962-4739

202-962-4791
202-682-8070
202-962-4791
202-682-8070
202-682-8233
202-962-4739

202-682-8064
202-962-4739

202-682-8490
202-682-8222

In addition, petroleum industry technical, patent, and business
information is available online through API EnCompass™.
Call 212-366-4040 or fax 212-366-4298 to discover more.

To obtain a free copy of the API

Publications, Programs, and Services

Catalog, call 202-682-8375 or fax your

request to 202-962-4776. Or see the

online interactive version of the catalog

on our World Wide Web site —
hittp://www.api.org,
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Additional copies available from AP Publications and Distribution:
(202) 682-8375

Information about APl Publications, Programs and Services is
available on the World Wide Web at: http.//www.api.org

American 1220 L Street, Northwest
Petroleum  Washington, D.C. 20005-4070
Institute 202-682-8000 Order No. GO7GEA
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