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An expandable tubular member.
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EXPANDABLE TUBULAR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is the National Stage patent
application for PCT patent application serial number PCT/
US2004/026345, attorney docket number 25791.301.02,
filed on Aug. 13, 2004, which claimed the benefit of the
filing dates of: 1) U.S. provisional patent application Ser.
No. 60/585,370, attorney docket number 25791.299, filed on
Jul. 2, 2004, and 2) U.S. provisional patent application Ser.
No. 60/495,056, attorney docket number 25791.301, filed on
Aug. 14, 2003, the disclosures of which are incorporated
herein by reference.

[0002] The present application is also a continuation in
part of the following: 1) U.S. utility patent application Ser.
No. 10/528,498, attorney docket no. 25791.118.08, filed on
Mar. 18, 2005, which was the National Stage patent appli-
cation for PCT patent application serial number pct/us03/
25667, attorney docket no. 25791.118.02, filed on Aug. 13,
2003, which claimed the benefit of the filing date of U.S.
provisional patent application Ser. No. 60/412,653, attorney
docket no. 25791.118, filed Sep. 20, 2002; 2) U.S. utility
patent application Ser. No. 10/528,499, attorney docket no.
25791.121.05, filed on Mar. 18, 2005, which was the
National Stage patent application for PCT patent application
serial number PCT/US2003/25676, attorney docket no.
25791.121.02, filed on Aug. 18, 2003, which claimed the
benefit of the filing date of U.S. provisional patent applica-
tion Ser. No. 60/412,544, attorney docket no. 25791.121,
filed Sep. 20, 2002; and 3) U.S. utility patent application Ser.
No. 10/528,222, attorney docket no. 25791.129.03, filed on
Aug. 18, 2005, which was the National Stage patent appli-
cation for PCT patent application serial number PCT/
US2003/025716, attorney docket no. 25791.129.02, filed on
Aug. 18, 2003, which claimed the benefit of the filing date
of U.S. provisional patent application Ser. No. 60/412,371,
attorney docket no. 25791.129, the disclosures of which are
incorporated herein by reference.

[0003] The present application is also a continuation-in-
part of U.S. utility patent application Ser. No. 10/528,223,
attorney docket number 25791.127.03, filed on Mar. 18,
2005, which is a National Stage patent application of PCT
patent application serial number PCT/2003/025707, attor-
ney docket number 25791.127.02, filed on Aug. 18, 2003,
which claimed the benefit of the filing dates of U.S. provi-
sional patent application Ser. No. 60/412,196, attorney
docket no 25791.127, filed on Sep. 20, 2002, which was a
continuation-in-part of U.S. utility patent application Ser.
No. 10/525,402, attorney docket number 25791.120.05, filed
on Feb. 23, 2005, which is a National Stage patent appli-
cation of PCT patent application serial number PCT/
US2003/025676, attorney docket number 25791.120.02,
filed on Aug. 18, 2003, which claimed the benefit of the
filing dates of U.S. provisional patent application Ser. No.
60/405,394, attorney docket no 25791.120, filed on Aug. 23,
2002, which was a continuation-in-part of U.S. utility patent
application Ser. No. 10/525,332, attorney docket number
25791.119.03, filed on Jul. 5, 2005, which is a National
Stage patent application of PCT patent application serial
number PCT/US2003/025677, attorney docket number
25791.119.02, filed on Aug. 18, 2003, which claimed the
benefit of the filing dates of U.S. provisional patent appli-
cation Ser. No. 60/405,610 attorney docket no 25791.119,
filed on Aug. 23, 2002, which was a continuation-in-part of
U.S. utility patent application Ser. No. 10/522,039, attorney
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docket number 25791.106.05, filed on Jan. 19, 2005, which
was a continuation-in-part of U.S. utility patent application
Ser. No. 10/511,410, attorney docket number 25791.101.05,
filed on Oct. 14, 2004 which claimed the benefit of the filing
date of U.S. provisional patent application Ser. No. 60/372,
632, attorney docket number 25791.101, filed on Apr. 15,
2002, which was a continuation-in-part of U.S. utility patent
application Ser. No. 10/510,966, attorney docket number
25791.93.05, filed on Oct. 12, 2004, which claimed the
benefit of the filing date of U.S. provisional patent applica-
tion Ser. No. 60/372,048, attorney docket number 25791.93,
filed on Apr. 12, 2002, which was a continuation-in-part of
U.S. utility patent application Ser. No. 10/500,745, attorney
docket number 25791.92.05, filed on Jul. 6, 2004, which
claimed the benefit of the filing date of U.S. provisional
patent application Ser. No. 10/500,745, attorney docket
number 25791.92, filed on Dec. 10, 2002, the disclosures of
which are incorporated herein by reference.

[0004] This application is related to the following co-
pending applications: (1) U.S. Pat. No. 6,497,289, which
was filed as U.S. patent spplication Ser. No. 09/454,139,
attorney docket no. 25791.03.02, filed on Dec. 3, 1999,
which claims priority from provisional application 60/111,
293, filed on Dec. 7, 1998, (2) U.S. patent application Ser.
No. 09/510,913, attorney docket no. 25791.7.02, filed on
Feb. 23, 2000, which claims priority from provisional appli-
cation 60/121,702, filed on Feb. 25, 1999, (3) U.S. patent
application Ser. No. 09/502,350, attorney docket no.
25791.8.02, filed on Feb. 10, 2000, which claims priority
from provisional application 60/119,611, filed on Feb. 11,
1999, (4) U.S. Pat. No. 6,328,113, which was filed as U.S.
patent application Ser. No. 09/440,338, attorney docket
number 25791.9.02, filed on Nov. 15, 1999, which claims
priority from provisional application 60/108,558, filed on
Nov. 16, 1998, (5) U.S. patent application Ser. No. 10/169,
434, attorney docket no. 25791.10.04, filed on Jul. 1, 2002,
which claims priority from provisional application 60/183,
546, filed on Feb. 18, 2000, (6) U.S. patent application Ser.
No. 09/523,468, attorney docket no. 25791.11.02, filed on
Mar. 10, 2000, which claims priority from provisional
application 60/124,042, filed on Mar. 11, 1999, (7) U.S. Pat.
No. 6,568,471, which was filed as patent application Ser.
No. 09/512,895, attorney docket no. 25791.12.02, filed on
Feb. 24, 2000, which claims priority from provisional appli-
cation 60/121,841, filed on Feb. 26, 1999, (8) U.S. Pat. No.
6,575,240, which was filed as patent application Ser. No.
09/511,941, attorney docket no. 25791.16.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,907, filed on Feb. 26, 1999, (9) U.S. Pat. No.
6,557,640, which was filed as patent application Ser. No.
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7,
2000, which claims priority from provisional application
60/137,998, filed on Jun. 7, 1999, (10) U.S. patent applica-
tion Ser. No. 09/981,916, attorney docket no. 25791.18, filed
on Oct. 18, 2001 as a continuation-in-part application of
U.S. Pat. No. 6,328,113, which was filed as U.S. patent
application Ser. No. 09/440,338, attorney docket number
25791.9.02, filed on Nov. 15, 1999, which claims priority
from provisional application 60/108,558, filed on Nov. 16,
1998, (11) U.S. Pat. No. 6,604,763, which was filed as
application Ser. No. 09/559,122, attorney docket no.
25791.23.02, filed on Apr. 26, 2000, which claims priority
from provisional application 60/131,106, filed on Apr. 26,
1999, (12) U.S. patent application Ser. No. 10/030,593,
attorney docket no. 25791.25.08, filed on Jan. 8, 2002,
which claims priority from provisional application 60/146,
203, filed on Jul. 29, 1999, (13) U.S. provisional patent
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application Ser. No. 60/143,039, attorney docket no.
25791.26, filed on Jul. 9, 1999, (14) U.S. patent application
Ser. No. 10/111,982, attorney docket no. 25791.27.08, filed
on Apr. 30, 2002, which claims priority from provisional
patent application Ser. No. 60/162,671, attorney docket no.
25791.27, filed on Nov. 1, 1999, (15) U.S. provisional patent
application Ser. No. 60/154,047, attorney docket no.
25791.29, filed on Sep. 16, 1999, (16) U.S. provisional
patent application Ser. No. 60/438,828, attorney docket no.
25791.31, filed on Jan. 9, 2003, (17) U.S. Pat. No. 6,564,
875, which was filed as application Ser. No. 09/679,907,
attorney docket no. 25791.34.02, on Oct. 5, 2000, which
claims priority from provisional patent application Ser. No.
60/159,082, attorney docket no. 25791.34, filed on Oct. 12,
1999, (18) U.S. patent application Ser. No. 10/089,419, filed
on Mar. 27, 2002, attorney docket no. 25791.36.03, which
claims priority from provisional patent application Ser. No.
60/159,039, attorney docket no. 25791.36, filed on Oct. 12,
1999, (19) U.S. patent application Ser. No. 09/679,906, filed
on Oct. 5, 2000, attorney docket no. 25791.37.02, which
claims priority from provisional patent application Ser. No.
60/159,033, attorney docket no. 25791.37, filed on Oct. 12,
1999, (20) U.S. patent application Ser. No. 10/303,992, filed
on Nov. 22, 2002, attorney docket no. 25791.38.07, which
claims priority from provisional patent application Ser. No.
60/212,359, attorney docket no. 25791.38, filed on Jun. 19,
2000, (21) U.S. provisional patent application Ser. No.
60/165,228, attorney docket no. 25791.39, filed on Nov. 12,
1999, (22) U.S. provisional patent application Ser. No.
60/455,051, attorney docket no. 25791.40, filed on Mar. 14,
2003, (23) PCT application US02/2477, filed on Jun. 26,
2002, attorney docket no. 25791.44.02, which claims prior-
ity from U.S. provisional patent application Ser. No. 60/303,
711, attorney docket no. 25791.44, filed on Jul. 6,2001, (24)
U.S. patent application Ser. No. 10/311,412, filed on Dec.
12, 2002, attorney docket no. 25791.45.07, which claims
priority from provisional patent application Ser. No. 60/221,
443, attorney docket no. 25791.45, filed on Jul. 28, 2000,
(25) U.S. patent application Ser. No. 10/, filed on Dec. 18,
2002, attorney docket no. 25791.46.07, which claims prior-
ity from provisional patent application Ser. No. 60/221,645,
attorney docket no. 25791.46, filed on Jul. 28, 2000, (26)
U.S. patent application Ser. No. 10/322,947, filed on Jan. 22,
2003, attorney docket no. 25791.47.03, which claims prior-
ity from provisional patent application Ser. No. 60/233,638,
attorney docket no. 25791.47, filed on Sep. 18, 2000, (27)
U.S. patent application Ser. No. 10/406,648, filed on Mar.
31, 2003, attorney docket no. 25791.48.06, which claims
priority from provisional patent application Ser. No. 60/237,
334, attorney docket no. 25791.48, filed on Oct. 2, 2000,
(28) PCT application US02/04353, filed on Feb. 14, 2002,
attorney docket no. 25791.50.02, which claims priority from
U.S. provisional patent application Ser. No. 60/270,007,
attorney docket no. 25791.50, filed on Feb. 20, 2001, (29)
U.S. patent application Ser. No. 10/465,835, filed on Jun. 13,
2003, attorney docket no. 25791.51.06, which claims prior-
ity from provisional patent application Ser. No. 60/262,434,
attorney docket no. 25791.51, filed on Jan. 17, 2001, (30)
U.S. patent application Ser. No. 10/465,831, filed on Jun. 13,
2003, attorney docket no. 25791.52.06, which claims prior-
ity from U.S. provisional patent application Ser. No. 60/259,
486, attorney docket no. 25791.52, filed on Jan. 3, 2001, (31)
U.S. provisional patent application Ser. No. 60/452,303,
filed on Mar. 5, 2003, attorney docket no. 25791.53, (32)
U.S. Pat. No. 6,470,966, which was filed as patent applica-
tion Ser. No. 09/850,093, filed on May 7, 2001, attorney
docket no. 25791.55, as a divisional application of U.S. Pat.
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No. 6,497,289, which was filed as U.S. patent application
Ser. No. 09/454,139, attorney docket no. 25791.03.02, filed
on Dec. 3, 1999, which claims priority from provisional
application 60/111,293, filed on Dec. 7, 1998, (33) U.S. Pat.
No. 6,561,227, which was filed as patent application Ser.
No. 09/852,026, filed on May 9, 2001, attorney docket no.
25791.56, as a divisional application of U.S. Pat. No.
6,497,289, which was filed as U.S. patent application Ser.
No. 09/454,139, attorney docket no. 25791.03.02, filed on
Dec. 3, 1999, which claims priority from provisional appli-
cation 60/111,293, filed on Dec. 7, 1998, (34) U.S. patent
application Ser. No. 09/852,027, filed on May 9, 2001,
attorney docket no. 25791.57, as a divisional application of
U.S. Pat. No. 6,497,289, which was filed as U.S. patent
application Ser. No. 09/454,139, attorney docket no.
25791.03.02, filed on Dec. 3, 1999, which claims priority
from provisional application 60/111,293, filed on Dec. 7,
1998, (35) PCT Application US02/25608, attorney docket
no. 25791.58.02, filed on Aug. 13, 2002, which claims
priority from provisional application 60/318,021, filed on
Sep. 7, 2001, attorney docket no. 25791.58, (36) PCT
Application US02/24399, attorney docket no. 25791.59.02,
filed on Aug. 1, 2002, which claims priority from U.S.
provisional patent application Ser. No. 60/313,453, attorney
docket no. 25791.59, filed on Aug. 20, 2001, (37) PCT
Application US02/29856, attorney docket no. 25791.60.02,
filed on Sep. 19, 2002, which claims priority from U.S.
provisional patent application Ser. No. 60/326,886, attorney
docket no. 25791.60, filed on Oct. 3, 2001, (38) PCT
Application US02/20256, attorney docket no. 25791.61.02,
filed on Jun. 26, 2002, which claims priority from U.S.
provisional patent application Ser. No. 60/303,740, attorney
docket no. 25791.61, filed on Jul. 6, 2001, (39) U.S. patent
application Ser. No. 09/962,469, filed on Sep. 25, 2001,
attorney docket no. 25791.62, which is a divisional of U.S.
patent application Ser. No. 09/523,468, attorney docket no.
25791.11.02, filed on Mar. 10, 2000, which claims priority
from provisional application 60/124,042, filed on Mar. 11,
1999, (40) U.S. patent application Ser. No. 09/962,470, filed
on Sep. 25, 2001, attorney docket no. 25791.63, which is a
divisional of U.S. patent application Ser. No. 09/523,468,
attorney docket no. 25791.11.02, filed on Mar. 10, 2000,
which claims priority from provisional application 60/124,
042, filed on Mar. 11, 1999, (41) U.S. patent application Ser.
No. 09/962,471, filed on Sep. 25, 2001, attorney docket no.
25791.64, which is a divisional of U.S. patent application
Ser. No. 09/523,468, attorney docket no. 25791.11.02, filed
on Mar. 10, 2000, which claims priority from provisional
application 60/124,042, filed on Mar. 11, 1999, (42) U.S.
patent application Ser. No. 09/962,467, filed on Sep. 25,
2001, attorney docket no. 25791.65, which is a divisional of
U.S. patent application Ser. No. 09/523,468, attorney docket
no. 25791.11.02, filed on Mar. 10, 2000, which claims
priority from provisional application 60/124,042, filed on
Mar. 11, 1999, (43) U.S. patent application Ser. No. 09/962,
468, filed on Sep. 25, 2001, attorney docket no. 25791.66,
which is a divisional of U.S. patent application Ser. No.
09/523,468, attorney docket no. 25791.11.02, filed on Mar.
10, 2000, which claims priority from provisional application
60/124,042, filed on Mar. 11, 1999, (44) PCT application
US02/25727, filed on Aug. 14, 2002, attorney docket no.
25791.67.03, which claims priority from U.S. provisional
patent application Ser. No. 60/317,985, attorney docket no.
25791.67, filed on Sep. 6, 2001, and U.S. provisional patent
application Ser. No. 60/318,386, attorney docket no.
25791.67.02, filed on Sep. 10, 2001, (45) PCT application
US02/39425, filed on Dec. 10, 2002, attorney docket no.
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25791.68.02, which claims priority from U.S. provisional
patent application Ser. No. 60/343,674, attorney docket no.
25791.68, filed on Dec. 27, 2001, (46) U.S. utility patent
application Ser. No. 09/969,922, attorney docket no.
25791.69, filed on Oct. 3, 2001, which is a continuation-in-
part application of U.S. Pat. No. 6,328,113, which was filed
as U.S. patent application Ser. No. 09/440,338, attorney
docket number 25791.9.02, filed on Nov. 15, 1999, which
claims priority from provisional application 60/108,558,
filed on Nov. 16, 1998, (47) U.S. utility patent application
Ser. No. 10/516,467, attorney docket no. 25791.70, filed on
Dec. 10, 2001, which is a continuation application of U.S.
utility patent application Ser. No. 09/969,922, attorney
docket no. 25791.69, filed on Oct. 3, 2001, which is a
continuation-in-part application of U.S. Pat. No. 6,328,113,
which was filed as U.S. patent application Ser. No. 09/440,
338, attorney docket number 25791.9.02, filed on Nov. 15,
1999, which claims priority from provisional application
60/108,558, filed on Nov. 16, 1998, (48) PCT application
US03/00609, filed on Jan. 9, 2003, attorney docket no.
25791.71.02, which claims priority from U.S. provisional
patent application Ser. No. 60/357,372, attorney docket no.
25791.71, filed on Feb. 15, 2002, (49) U.S. patent applica-
tion Ser. No. 10/074,703, attorney docket no. 25791.74, filed
on Feb. 12, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (50) U.S. patent appli-
cation Ser. No. 10/074,244, attorney docket no. 25791.75,
filed on Feb. 12, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (51) U.S. patent appli-
cation Ser. No. 10/076,660, attorney docket no. 25791.76,
filed on Feb. 15, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (52) U.S. patent appli-
cation Ser. No. 10/076,661, attorney docket no. 25791.77,
filed on Feb. 15, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (53) U.S. patent appli-
cation Ser. No. 10/076,659, attorney docket no. 25791.78,
filed on Feb. 15, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (54) U.S. patent appli-
cation Ser. No. 10/078,928, attorney docket no. 25791.79,
filed on Feb. 20, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (55) U.S. patent appli-
cation Ser. No. 10/078,922, attorney docket no. 25791.80,
filed on Feb. 20, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (56) U.S. patent appli-
cation Ser. No. 10/078,921, attorney docket no. 25791.81,
filed on Feb. 20, 2002, which is a divisional of U.S. Pat. No.
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6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (57) U.S. patent appli-
cation Ser. No. 10/261,928, attorney docket no. 25791.82,
filed on Oct. 1, 2002, which is a divisional of U.S. Pat. No.
6,557,640, which was filed as patent application Ser. No.
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7,
2000, which claims priority from provisional application
60/137,998, filed on Jun. 7, 1999, (58) U.S. patent applica-
tion Ser. No. 10/079,276, attorney docket no. 25791.83, filed
on Feb. 20, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (59) U.S. patent appli-
cation Ser. No. 10/262,009, attorney docket no. 25791.84,
filed on Oct. 1, 2002, which is a divisional of U.S. Pat. No.
6,557,640, which was filed as patent application Ser. No.
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7,
2000, which claims priority from provisional application
60/137,998, filed on Jun. 7, 1999, (60) U.S. patent applica-
tion Ser. No. 10/092,481, attorney docket no. 25791.85, filed
on Mar. 7, 2002, which is a divisional of U.S. Pat. No.
6,568,471, which was filed as patent application Ser. No.
09/512,895, attorney docket no. 25791.12.02, filed on Feb.
24, 2000, which claims priority from provisional application
60/121,841, filed on Feb. 26, 1999, (61) U.S. patent appli-
cation Ser. No. 10/261,926, attorney docket no. 25791.86,
filed on Oct. 1, 2002, which is a divisional of U.S. Pat. No.
6,557,640, which was filed as patent application Ser. No.
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7,
2000, which claims priority from provisional application
60/137,998, filed on Jun. 7, 1999, (62) PCT application U.S.
Ser. No. 02/36157, filed on Nov. 12, 2002, attorney docket
no. 25791.87.02, which claims priority from U.S. provi-
sional patent application Ser. No. 60/338,996, attorney
docket no. 25791.87, filed on Nov. 12, 2001, (63) PCT
application U.S. Ser. No. 02/36267, filed on Nov. 12, 2002,
attorney docket no. 25791.88.02, which claims priority from
U.S. provisional patent application Ser. No. 60/339,013,
attorney docket no. 25791.88, filed on Nov. 12, 2001, (64)
PCT application US03/11765, filed on Apr. 16, 2003, attor-
ney docket no. 25791.89.02, which claims priority from U.S.
provisional patent application Ser. No. 60/383,917, attorney
docket no. 25791.89, filed on May 29, 2002, (65) PCT
application US03/15020, filed on May 12, 2003, attorney
docket no. 25791.90.02, which claims priority from U.S.
provisional patent application Ser. No. 60/391,703, attorney
docket no. 25791.90, filed on Jun. 26, 2002, (66) PCT
application U.S. Ser. No. 02/39418, filed on Dec. 10, 2002,
attorney docket no. 25791.92.02, which claims priority from
U.S. provisional patent application Ser. No. 60/346,309,
attorney docket no. 25791.92, filed on Jan. 7, 2002, (67)
PCT application U.S. Ser. No. 03/06544, filed on Mar. 4,
2003, attorney docket no. 25791.93.02, which claims prior-
ity from U.S. provisional patent application Ser. No. 60/372,
048, attorney docket no. 25791.93, filed on Apr. 12, 2002,
(68) U.S. patent application Ser. No. 10/331,718, attorney
docket no. 25791.94, filed on Dec. 30, 2002, which is a
divisional U.S. patent application Ser. No. 09/679,906, filed
on Oct. 5, 2000, attorney docket no. 25791.37.02, which
claims priority from provisional patent application Ser. No.
60/159,033, attorney docket no. 25791.37, filed on Oct. 12,
1999, (69) PCT application US03/04837, filed on Feb. 29,
2003, attorney docket no. 25791.95.02, which claims prior-
ity from U.S. provisional patent application Ser. No. 60/363,
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829, attorney docket no. 25791.95, filed on Mar. 13, 2002,
(70) U.S. patent application Ser. No. 10/261,927, attorney
docket no. 25791.97, filed on Oct. 1, 2002, which is a
divisional of U.S. Pat. No. 6,557,640, which was filed as
patent application Ser. No. 09/588,946, attorney docket no.
25791.17.02, filed on Jun. 7, 2000, which claims priority
from provisional application 60/137,998, filed on Jun. 7,
1999, (71) U.S. patent application Ser. No. 10/262,008,
attorney docket no. 25791.98, filed on Oct. 1, 2002, which
is a divisional of U.S. Pat. No. 6,557,640, which was filed
as patent application Ser. No. 09/588,946, attorney docket
no. 25791.17.02, filed on Jun. 7, 2000, which claims priority
from provisional application 60/137,998, filed on Jun. 7,
1999, (72) U.S. patent application Ser. No. 10/261,925,
attorney docket no. 25791.99, filed on Oct. 1, 2002, which
is a divisional of U.S. Pat. No. 6,557,640, which was filed
as patent application Ser. No. 09/588,946, attorney docket
no. 25791.17.02, filed on Jun. 7, 2000, which claims priority
from provisional application 60/137,998, filed on Jun. 7,
1999, (73) U.S. patent application Ser. No. 10/199,524,
attorney docket no. 25791.100, filed on Jul. 19, 2002, which
is a continuation of U.S. Pat. No. 6,497,289, which was filed
as U.S. patent application Ser. No. 09/454,139, attorney
docket no. 25791.03.02, filed on Dec. 3, 1999, which claims
priority from provisional application 60/111,293, filed on
Dec. 7, 1998, (74) PCT application US03/10144, filed on
Mar. 28, 2003, attorney docket no. 25791.101.02, which
claims priority from U.S. provisional patent application Ser.
No. 60/372,632, attorney docket no. 25791.101, filed on
Apr. 15, 2002, (75) U.S. provisional patent application Ser.
No. 60/412,542, attorney docket no. 25791.102, filed on
Sep. 20, 2002, (76) PCT application U.S. Ser. No. 03/14153,
filed on May 6, 2003, attorney docket no. 25791.104.02,
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Jan. 20, 2006, and (168) PCT Patent Application No. PCT/
US2006/ , attorney docket no. 25791.348.02 filed on
Feb. 9, 2006 the disclosures of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0005] This invention relates generally to oil and gas
exploration, and in particular to forming and repairing
wellbore casings to facilitate oil and gas exploration.

SUMMARY OF THE INVENTION

[0006] According to one aspect of the present invention, a
method of forming a tubular liner within a preexisting
structure is provided that includes positioning a tubular
assembly within the preexisting structure; and radially
expanding and plastically deforming the tubular assembly
within the preexisting structure, wherein, prior to the radial
expansion and plastic deformation of the tubular assembly,
a predetermined portion of the tubular assembly has a lower
yield point than another portion of the tubular assembly.

[0007] According to another aspect of the present inven-
tion, an expandable tubular member is provided that
includes a steel alloy including: 0.065% C, 1.44% Mn,
0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and
0.02% Cr.

[0008] According to another aspect of the present inven-
tion, an expandable tubular member is provided that
includes a steel alloy including: 0.18% C, 1.28% Mn,
0.017% P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and
0.03% Cr.

[0009] According to another aspect of the present inven-
tion, an expandable tubular member is provided that
includes a steel alloy including: 0.08% C, 0.82% Mn,
0.006% P, 0.003% S, 0.30% Si, 0.16% Cu, 0.05% Ni, and
0.05% Cr.

[0010] According to another aspect of the present inven-
tion, an expandable tubular member is provided that
includes a steel alloy including: 0.02% C, 1.31% Mn, 0.02%
P, 0.001% S, 0.45% Si, 9.1% Ni, and 18.7% Cr.

[0011] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
yield point of the expandable tubular member is at most
about 46.9 ksi prior to a radial expansion and plastic
deformation; and wherein the yield point of the expandable
tubular member is at least about 65.9 ksi after the radial
expansion and plastic deformation.

[0012] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein a
yield point of the expandable tubular member after a radial
expansion and plastic deformation is at least about 40%
greater than the yield point of the expandable tubular
member prior to the radial expansion and plastic deforma-
tion.

[0013] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
anisotropy of the expandable tubular member, prior to the
radial expansion and plastic deformation, is at least about
1.48.

[0014] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
yield point of the expandable tubular member is at most
about 57.8 ksi prior to the radial expansion and plastic
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deformation; and wherein the yield point of the expandable
tubular member is at least about 74.4 ksi after the radial
expansion and plastic deformation.

[0015] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
yield point of the expandable tubular member after a radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the expandable tubular
member prior to the radial expansion and plastic deforma-
tion.

[0016] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
anisotropy of the expandable tubular member, prior to the
radial expansion and plastic deformation, is at least about
1.04.

[0017] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
anisotropy of the expandable tubular member, prior to the
radial expansion and plastic deformation, is at least about
1.92.

[0018] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
anisotropy of the expandable tubular member, prior to the
radial expansion and plastic deformation, is at least about
1.34.

[0019] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
anisotropy of the expandable tubular member, prior to the
radial expansion and plastic deformation, ranges from about
1.04 to about 1.92.

[0020] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
yield point of the expandable tubular member, prior to the
radial expansion and plastic deformation, ranges from about
47.6 ksi to about 61.7 ksi.

[0021] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
expandability coefficient of the expandable tubular member,
prior to the radial expansion and plastic deformation, is
greater than 0.12.

[0022] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
expandability coefficient of the expandable tubular member
is greater than the expandability coefficient of another por-
tion of the expandable tubular member.

[0023] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
tubular member has a higher ductility and a lower yield point
prior to a radial expansion and plastic deformation than after
the radial expansion and plastic deformation.

[0024] According to another aspect of the present inven-
tion, a method of radially expanding and plastically deform-
ing a tubular assembly including a first tubular member
coupled to a second tubular member is provided that
includes radially expanding and plastically deforming the
tubular assembly within a preexisting structure; and using
less power to radially expand each unit length of the first
tubular member than to radially expand each unit length of
the second tubular member.
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[0025] According to another aspect of the present inven-
tion, a system for radially expanding and plastically deform-
ing a tubular assembly including a first tubular member
coupled to a second tubular member is provided that
includes means for radially expanding the tubular assembly
within a preexisting structure; and means for using less
power to radially expand each unit length of the first tubular
member than required to radially expand each unit length of
the second tubular member.

[0026] According to another aspect of the present inven-
tion, a method of manufacturing a tubular member is pro-
vided that includes processing a tubular member until the
tubular member is characterized by one or more intermedi-
ate characteristics; positioning the tubular member within a
preexisting structure; and processing the tubular member
within the preexisting structure until the tubular member is
characterized one or more final characteristics.

[0027] According to another aspect of the present inven-
tion, an apparatus is provided that includes an expandable
tubular assembly; and an expansion device coupled to the
expandable tubular assembly; wherein a predetermined por-
tion of the expandable tubular assembly has a lower yield
point than another portion of the expandable tubular assem-
bly.

[0028] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein a
yield point of the expandable tubular member after a radial
expansion and plastic deformation is at least about 5.8%
greater than the yield point of the expandable tubular
member prior to the radial expansion and plastic deforma-
tion.

[0029] According to another aspect of the present inven-
tion, a method of determining the expandability of a selected
tubular member is provided that includes determining an
anisotropy value for the selected tubular member, determin-
ing a strain hardening value for the selected tubular member;
and multiplying the anisotropy value times the strain hard-
ening value to generate an expandability value for the
selected tubular member.

[0030] According to another aspect of the present inven-
tion, a method of radially expanding and plastically deform-
ing tubular members is provided that includes selecting a
tubular member; determining an anisotropy value for the
selected tubular member; determining a strain hardening
value for the selected tubular member; multiplying the
anisotropy value times the strain hardening value to generate
an expandability value for the selected tubular member; and
if the anisotropy value is greater than 0.12, then radially
expanding and plastically deforming the selected tubular
member.

[0031] According to another aspect of the present inven-
tion, a radially expandable tubular member apparatus is
provided that includes a first tubular member; a second
tubular member engaged with the first tubular member
forming a joint; and a sleeve overlapping and coupling the
first and second tubular members at the joint; wherein, prior
to a radial expansion and plastic deformation of the appa-
ratus, a predetermined portion of the apparatus has a lower
yield point than another portion of the apparatus.

[0032] According to another aspect of the present inven-
tion, a radially expandable tubular member apparatus is
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provided that includes: a first tubular member; a second
tubular member engaged with the first tubular member
forming a joint; a sleeve overlapping and coupling the first
and second tubular members at the joint; the sleeve having
opposite tapered ends and a flange engaged in a recess
formed in an adjacent tubular member; and one of the
tapered ends being a surface formed on the flange; wherein,
prior to a radial expansion and plastic deformation of the
apparatus, a predetermined portion of the apparatus has a
lower yield point than another portion of the apparatus.

[0033] According to another aspect of the present inven-
tion, a method of joining radially expandable tubular mem-
bers is provided that includes: providing a first tubular
member; engaging a second tubular member with the first
tubular member to form a joint; providing a sleeve; mount-
ing the sleeve for overlapping and coupling the first and
second tubular members at the joint; wherein the first tubular
member, the second tubular member, and the sleeve define
a tubular assembly; and radially expanding and plastically
deforming the tubular assembly; wherein, prior to the radial
expansion and plastic deformation, a predetermined portion
of the tubular assembly has a lower yield point than another
portion of the tubular assembly.

[0034] According to another aspect of the present inven-
tion, a method of joining radially expandable tubular mem-
bers is provided that includes providing a first tubular
member; engaging a second tubular member with the first
tubular member to form a joint; providing a sleeve having
opposite tapered ends and a flange, one of the tapered ends
being a surface formed on the flange; mounting the sleeve
for overlapping and coupling the first and second tubular
members at the joint, wherein the flange is engaged in a
recess formed in an adjacent one of the tubular members;
wherein the first tubular member, the second tubular mem-
ber, and the sleeve define a tubular assembly; and radially
expanding and plastically deforming the tubular assembly;
wherein, prior to the radial expansion and plastic deforma-
tion, a predetermined portion of the tubular assembly has a
lower yield point than another portion of the tubular assem-
bly.

[0035] According to another aspect of the present inven-
tion, an expandable tubular assembly is provided that
includes a first tubular member; a second tubular member
coupled to the first tubular member; a first threaded con-
nection for coupling a portion of the first and second tubular
members; a second threaded connection spaced apart from
the first threaded connection for coupling another portion of
the first and second tubular members; a tubular sleeve
coupled to and receiving end portions of the first and second
tubular members; and a sealing element positioned between
the first and second spaced apart threaded connections for
sealing an interface between the first and second tubular
member; wherein the sealing element is positioned within an
annulus defined between the first and second tubular mem-
bers; and wherein, prior to a radial expansion and plastic
deformation of the assembly, a predetermined portion of the
assembly has a lower yield point than another portion of the
apparatus.

[0036] According to another aspect of the present inven-
tion, a method of joining radially expandable tubular mem-
bers is provided that includes: providing a first tubular
member; providing a second tubular member; providing a
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sleeve; mounting the sleeve for overlapping and coupling
the first and second tubular members; threadably coupling
the first and second tubular members at a first location;
threadably coupling the first and second tubular members at
a second location spaced apart from the first location;
sealing an interface between the first and second tubular
members between the first and second locations using a
compressible sealing element, wherein the first tubular
member, second tubular member, sleeve, and the sealing
element define a tubular assembly; and radially expanding
and plastically deforming the tubular assembly; wherein,
prior to the radial expansion and plastic deformation, a
predetermined portion of the tubular assembly has a lower
yield point than another portion of the tubular assembly.

[0037] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
carbon content of the tubular member is less than or equal
to 0.12 percent; and wherein the carbon equivalent value for
the tubular member is less than 0.21.

[0038] According to another aspect of the present inven-
tion, an expandable tubular member is provided, wherein the
carbon content of the tubular member is greater than 0.12
percent; and wherein the carbon equivalent value for the
tubular member is less than 0.36.

[0039] According to another aspect of the present inven-
tion, a method of selecting tubular members for radial
expansion and plastic deformation is provided that includes
selecting a tubular member from a collection of tubular
member; determining a carbon content of the selected tubu-
lar member; determining a carbon equivalent value for the
selected tubular member; and if the carbon content of the
selected tubular member is less than or equal to 0.12 percent
and the carbon equivalent value for the selected tubular
member is less than 0.21, then determining that the selected
tubular member is suitable for radial expansion and plastic
deformation.

[0040] According to another aspect of the present inven-
tion, a method of selecting tubular members for radial
expansion and plastic deformation is provided that includes
selecting a tubular member from a collection of tubular
member; determining a carbon content of the selected tubu-
lar member; determining a carbon equivalent value for the
selected tubular member; and if the carbon content of the
selected tubular member is greater than 0.12 percent and the
carbon equivalent value for the selected tubular member is
less than 0.36, then determining that the selected tubular
member is suitable for radial expansion and plastic defor-
mation.

[0041] According to another aspect of the present inven-
tion, an expandable tubular member is provided that
includes a tubular body; wherein a yield point of an inner
tubular portion of the tubular body is less than a yield point
of an outer tubular portion of the tubular body.

[0042] According to another aspect of the present inven-
tion, a method of manufacturing an expandable tubular
member has been provided that includes: providing a tubular
member; heat treating the tubular member; and quenching
the tubular member; wherein following the quenching, the
tubular member comprises a microstructure comprising a
hard phase structure and a soft phase structure.

[0043] According to another aspect of the present inven-
tion, a method for manufacturing an expandable tubular
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member has been provided that includes providing a mate-
rial, heat treating the material, quenching the material, and
cold working the material, whereby upon cold working, the
yield strength of the material is increased.

[0044] According to another aspect of the present inven-
tion, a method for expanding an expandable tubular member
has been provided that includes providing a tubular member,
lubricating the tubular member, and expanding the tubular
member.

[0045] According to another aspect of the present inven-
tion, a method for formability evaluation has been provided
that includes providing a tubular member, measuring a
plurality of stress and strain property parameters for the
tubular member, measuring a Charpy V-notch impact value
parameter for the tubular member, measuring a stress rup-
ture parameter for the tubular member, measuring a strain
hardening exponent parameter for the tubular member, mea-
suring a plastic strain ratio parameter for the tubular mem-
ber, comparing the parameters measured for first tubular
member to a plurality of parameters measured for a second
tubular member, and selecting the first or second tubular
member to manufacture an expandable tubular member.

[0046] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength in the range of 60 ksi to 120 ksi,
a yield strength in the range of 40 ksi to 100 ksi, a yield
strength to tensile strength ratio in the range of 50% to 85%,
a minimum elongation of 35%, a minimum width reduction
of 40%, a minimum thickness reduction of 30%, and a
minimum anisotropy of 1.5.

[0047] According to another aspect of the present inven-
tion, a method for transforming the yield strength of an
expandable tubular member has been provided that includes
providing a manufactured tubular member, cold rolling the
tubular member, inter-critical annealing the tubular member,
expanding the tubular member, and heating the tubular
member.

[0048] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength in the range of 80 ksi to 100 ksi,
a yield strength in the range of 60 ksi to 90 ksi, a maximum
yield strength to tensile strength ratio of 85%, a minimum
elongation of 22%, a minimum width reduction of 30%, a
minimum thickness reduction of 35%, and a minimum
anisotropy of 0.8.

[0049] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength in the range of 60 ksi to 120 ksi,
a yield strength in the range of 40 ksi to 100 ksi, a yield
strength to tensile strength ratio in the range of 50% to 85%,
a minimum elongation of 35%, a minimum width reduction
of 40%, a minimum thickness reduction of 30%, and a
minimum anisotropy of 1.5.

[0050] According to another aspect of the present inven-
tion, a method for transforming the yield strength of an
expandable tubular member has been provided that includes
providing a manufactured tubular member, inter-critical
annealing the tubular member, expanding the tubular mem-
ber, and heating the tubular member.

[0051] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
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includes a yield strength of approximately 76 ksi, a tensile
strength of approximately 82 ksi, and an elongation of
approximately 32%.

[0052] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a surface, a self lubricating hard coating on the
surface, and a self lubricating soft coating on the surface.

[0053] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength in the range of 40 ksi to 80 ksi, a
maximum Yyield strength to tensile strength ratio of 0.5, a
minimum elongation of 30%, a minimum width reduction of
45%, a minimum wall thickness reduction of 30%, and a
minimum anisotropy of 1.5.

[0054] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a friction coefficient of 0.02, whereby the member
may be expanded by a force below 100000 1bs.

[0055] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a lubricant resulting in a friction coefficient of
0.125, a wall thickness of approximately 0.305 inches, and
an expansion force of approximately 146000 Ibs, wherein
the expansion force allows a diameter to thickness ratio of
approximately 25 and a collapse strength of approximately
2400 ksi.

[0056] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a lubricant resulting in a friction coefficient of
0.0.075, a wall thickness of approximately 0.350 inches, and
an expansion force of approximately 143000 Ibs, wherein
the expansion force allows a diameter to thickness ratio of
approximately 22 and a collapse strength of approximately
3250 ksi.

[0057] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a lubricant resulting in a friction coefficient 0o 0.02,
a wall thickness of approximately 0.450 inches, and an
expansion force of approximately 150000 1bs, wherein the
expansion force allows a diameter to thickness ratio of
approximately 17 and a collapse strength of approximately
5800 ksi.

[0058] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a lubricant resulting in a friction coefficient 0o 0.02,
a wall thickness of approximately 0.5 inches, and an expan-
sion force of approximately 126000 Ibs, wherein the expan-
sion force allows a diameter to thickness ratio of approxi-
mately 15 and a collapse strength of approximately 5350 ksi.

[0059] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a lubricant resulting in a friction coefficient 0o 0.02,
a wall thickness of approximately 0.5 inches, and an expan-
sion force of approximately 127000 Ibs, wherein the expan-
sion force allows a diameter to thickness ratio of approxi-
mately 15 and a collapse strength of approximately 8400 ksi.

[0060] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a composition, by weight percentage, of 0.065% C,
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1.44% Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01%
Ni, 0.02% Cr, 0.04% V, 0.01% Mo, 0.03% Nb, and 0.01%
Ti.

[0061] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a composition, by weight percentage, of 0.18% C,
1.28% Mn, 0.017% P, 0.004% S, 0.29% Si, 0.01% Cu,
0.01% Ni, 0.03% Cr, 0.03% V, 0.03% Mo, 0.01% Nb, and
0.01% Ti.

[0062] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a composition, by weight percentage, of 0.08% C,
0.82% Mn, 0.006% P, 0.003% S, 0.3% Si, 0.16% Cu, 0.05%
Ni, 0.05% Cr, 0.06% V, 0.01% Mo, 0.03% Nb, and 0.01%
Ti.

[0063] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a composition, by weight percentage, of 0.03% C,
1.48% Mn, 0.014% P, 0.002% S, 0.16% Si, 0.02% Cu,
0.01% Ni, 0.02% Cr, 0.06% V, 0.01% Mo, 0.03% Nb, and
0.01% Ti.

[0064] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 16% expansion, approximately a 21%
change in yield strength, approximately a 24% change in
yield ratio, approximately a 18% change in elongation
percentage, approximately a 8% change in width reduction
percentage, approximately a 15% change in wall thickness
reduction percentage, and approximately a 4% change in
anisotropy.

[0065] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 15.6% expansion, approximately a 70%
change in yield strength, approximately a 25% change in
yield ratio, approximately a 67% change in elongation
percentage, approximately a 28% change in width reduction
percentage, approximately a 7% change in wall thickness
reduction percentage, and approximately a 75% change in
anisotropy.

[0066] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 24% expansion, approximately a 5% change
in yield strength, approximately a 11% change in yield ratio,
approximately a 20% change in elongation percentage,
approximately a 43% change in width reduction percentage,
approximately a 2% change in wall thickness reduction
percentage, and approximately a 52% change in anisotropy.

[0067] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 24% expansion, approximately a 10%
change in yield strength, approximately a 3% change in
yield ratio, approximately a 30% change in elongation
percentage, approximately a 13% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 17% change in
anisotropy.

[0068] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 24% expansion, approximately a 46%
change in yield strength, approximately a 20% change in
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yield ratio, approximately a 91% change in elongation
percentage, approximately a 15% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 18% change in
anisotropy.

[0069] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 16% expansion, approximately a 38%
change in yield strength, approximately a 20% change in
yield ratio, approximately a 11% change in elongation
percentage, approximately a 9% change in width reduction
percentage, approximately a 4% change in wall thickness
reduction percentage, and approximately a 4% change in
anisotropy.

[0070] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 24% expansion, approximately a 31%
change in yield strength, approximately a 14% change in
yield ratio, approximately a 48% change in elongation
percentage, approximately a 13% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 12% change in
anisotropy.

[0071] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 24% expansion, approximately a 38%
change in yield strength, approximately a 21% change in
yield ratio, approximately a 55% change in elongation
percentage, approximately a 16% change in width reduction
percentage, approximately a 9% change in wall thickness
reduction percentage, and approximately a 13% change in
anisotropy.

[0072] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 16% expansion, approximately a 33%
change in yield strength, approximately a 26% change in
yield ratio, approximately a 30% change in elongation
percentage, approximately a 15% change in width reduction
percentage, approximately a 9% change in wall thickness
reduction percentage, and approximately a 10% change in
anisotropy.

[0073] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, after a 24% expansion, approximately a 41%
change in yield strength, approximately a 27% change in
yield ratio, approximately a 40% change in elongation
percentage, approximately a 21% change in width reduction
percentage, approximately a 16% change in wall thickness
reduction percentage, and approximately a 5% change in
anisotropy.

[0074] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength of approximately 80 ksi after 16%
expansion, and a tensile strength of approximately 82 ksi
after 24% expansion.

[0075] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength of approximately 82 ksi after 16%
expansion, and a tensile strength of approximately 88 ksi
after 24% expansion.
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[0076] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength of approximately 80 ksi before
expansion, a tensile strength of approximately 90 ksi after
16% expansion, and a tensile strength of approximately 92
ksi after 24% expansion.

[0077] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength of approximately 115 ksi before
expansion, a tensile strength of approximately 120 ksi after
15.2% expansion; and a tensile strength of approximately
121 ksi after 25.2% expansion.

[0078] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength of approximately 100 ksi before
expansion, and a tensile strength of approximately 126 ksi
after 31.3% expansion.

[0079] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a tensile strength of approximately 114 ksi before
expansion, and a tensile strength of approximately 140 ksi
after 15.6% expansion.

[0080] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, upon quenching in water at approximately 775° C.,
a tensile strength of 94 ksi and a yield strength of 56 ksi.

[0081] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, upon quenching in water at approximately 790° C.,
a tensile strength of 94 ksi and a yield strength of 59 ksi.

[0082] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, upon quenching in water at approximately 735° C.,
a tensile strength of 94 ksi and a yield strength of 59 ksi.

[0083] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, upon quenching in oil at approximately 775° C., a
tensile strength of 84 ksi and a yield strength of 49 ksi.

[0084] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, upon quenching in oil at approximately 820° C., a
tensile strength of 82 ksi and a yield strength of 61 ksi.

[0085] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, upon quenching in oil at approximately 750° C., a
tensile strength of 109 ksi and a yield strength of 58 ksi.

[0086] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes, by weight percentage, 0.1% C, 1.5% Mn, and 0.3%
Si.

[0087] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes martensite in the range of 15% to 30%.

[0088] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 80 ksi, a yield
strength to tensile strength ratio of approximately 0.86, a
longitudinal elongation of approximately 14.8%, a width
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reduction of approximately 38%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
0.87.

[0089] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 81 ksi, a yield
strength to tensile strength ratio of approximately 0.83, a
longitudinal elongation of approximately 14.9%, a width
reduction of approximately 38%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
0.83.

[0090] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 79 ksi, a yield
strength to tensile strength ratio of approximately 0.82, a
longitudinal elongation of approximately 15.9%, a width
reduction of approximately 44%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
1.03.

[0091] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 80 ksi, a yield
strength to tensile strength ratio of approximately 0.83, a
longitudinal elongation of approximately 15.3%, a width
reduction of approximately 40%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
0.92.

[0092] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes an elongation of approximately 21%, a width
reduction of approximately 35%, a wall thickness reduction
of approximately 38%, and an anisotropy of approximately
0.89.

[0093] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 77 ksi, a yield
strength to tensile strength ratio of approximately 0.82, a
longitudinal elongation of approximately 16%, a width
reduction of approximately 32%, a wall thickness reduction
of approximately 45%, and an anisotropy of approximately
0.65.

[0094] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 78 ksi, a yield
strength to tensile strength ratio of approximately 0.8, a
longitudinal elongation of approximately 16%, a width
reduction of approximately 31%, a wall thickness reduction
of approximately 45%, and an anisotropy of approximately
0.63.

[0095] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that,
upon quenching and tempering, includes a yield strength of
approximately 84 ksi, a yield strength to tensile strength
ratio of approximately 0.84, a longitudinal elongation of
approximately 20.5%, a width reduction of approximately
40%, a wall thickness reduction of approximately 42%, and
an anisotropy of approximately 0.94.

[0096] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 80 ksi, a yield
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strength to tensile strength ratio of approximately 0.72, an
elongation of approximately 35%, a width reduction of
approximately 35%, a wall thickness reduction of approxi-
mately 33%, and an anisotropy of approximately 0.92.

[0097] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 90 ksi, a yield
strength to tensile strength ratio of approximately 0.88, an
elongation of approximately 25%, a width reduction of
approximately 22%, a wall thickness reduction of approxi-
mately 20%, and an anisotropy of approximately 1.1.

[0098] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 88 ksi, a yield
strength to tensile strength ratio of approximately 0.87, an
elongation of approximately 16%, a width reduction of
approximately 24%, a wall thickness reduction of approxi-
mately 30%, and an anisotropy of approximately 0.76.

[0099] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 48 ksi, a yield
strength to tensile strength ratio of approximately 0.73, an
elongation of approximately 38%, a width reduction of
approximately 43%, a wall thickness reduction of approxi-
mately 49%, and an anisotropy of approximately 0.83.

[0100] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 46 ksi, a yield
strength to tensile strength ratio of approximately 0.69, an
elongation of approximately 40%, a width reduction of
approximately 50%, a wall thickness reduction of approxi-
mately 53%, and an anisotropy of approximately 0.93.

[0101] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that
includes a yield strength of approximately 53 ksi, a yield
strength to tensile strength ratio of approximately 0.85, an
elongation of approximately 49%, a width reduction of
approximately 49%, a wall thickness reduction of approxi-
mately 46%, and an anisotropy of approximately 1.1.

[0102] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that,
upon quenching and tempering, includes, after a flare expan-
sion of 42%, an absorbed energy in the longitudinal direc-
tion of 125, an absorbed energy in the transverse direction of
59, and an absorbed energy in the weld of 176.

[0103] According to another aspect of the present inven-
tion, an expandable tubular member has been provided that,
upon quenching and tempering, includes, after a flare expan-
sion of 52%, an absorbed energy in the longitudinal direc-
tion of 145, an absorbed energy in the transverse direction of
59, and an absorbed energy in the weld of 174.

BRIEF DESCRIPTION OF THE DRAWINGS

[0104] FIG. 1 is a fragmentary cross sectional view of an
exemplary embodiment of an expandable tubular member
positioned within a preexisting structure.

[0105] FIG. 2 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 1 after positioning an
expansion device within the expandable tubular member.

[0106] FIG. 3 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 2 after operating the
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expansion device within the expandable tubular member to
radially expand and plastically deform a portion of the
expandable tubular member.

[0107] FIG. 4 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 3 after operating the
expansion device within the expandable tubular member to
radially expand and plastically deform another portion of the
expandable tubular member.

[0108] FIG. 5 is a graphical illustration of exemplary
embodiments of the stress/strain curves for several portions
of the expandable tubular member of FIGS. 1-4.

[0109] FIG. 6 is a graphical illustration of the an exem-
plary embodiment of the yield strength vs. ductility curve for
at least a portion of the expandable tubular member of FIGS.
1-4.

[0110] FIG. 7 is a fragmentary cross sectional illustration
of an embodiment of a series of overlapping expandable
tubular members.

[0111] FIG. 8 is a fragmentary cross sectional view of an
exemplary embodiment of an expandable tubular member
positioned within a preexisting structure.

[0112] FIG. 9 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 8 after positioning an
expansion device within the expandable tubular member.

[0113] FIG. 10is a fragmentary cross sectional view of the
expandable tubular member of FIG. 9 after operating the
expansion device within the expandable tubular member to
radially expand and plastically deform a portion of the
expandable tubular member.

[0114] FIG. 11 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 10 after operating the
expansion device within the expandable tubular member to
radially expand and plastically deform another portion of the
expandable tubular member.

[0115] FIG. 12 is a graphical illustration of exemplary
embodiments of the stress/strain curves for several portions
of the expandable tubular member of FIGS. 8-11.

[0116] FIG. 13 is a graphical illustration of an exemplary
embodiment of the yield strength vs. ductility curve for at
least a portion of the expandable tubular member of FIGS.
8-11.

[0117] FIG. 14 is a fragmentary cross sectional view of an
exemplary embodiment of an expandable tubular member
positioned within a preexisting structure.

[0118] FIG. 15is a fragmentary cross sectional view of the
expandable tubular member of FIG. 14 after positioning an
expansion device within the expandable tubular member.

[0119] FIG. 16 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 15 after operating the
expansion device within the expandable tubular member to
radially expand and plastically deform a portion of the
expandable tubular member.

[0120] FIG. 17 is a fragmentary cross sectional view of the
expandable tubular member of FIG. 16 after operating the
expansion device within the expandable tubular member to
radially expand and plastically deform another portion of the
expandable tubular member.

[0121] FIG. 18 is a flow chart illustration of an exemplary
embodiment of a method of processing an expandable
tubular member.
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[0122] FIG. 19 is a graphical illustration of the an exem-
plary embodiment of the yield strength vs. ductility curve for
at least a portion of the expandable tubular member during
the operation of the method of FIG. 18.

[0123] FIG. 20 is a graphical illustration of stress/strain
curves for an exemplary embodiment of an expandable
tubular member.

[0124] FIG. 21 is a graphical illustration of stress/strain
curves for an exemplary embodiment of an expandable
tubular member.

[0125] FIG. 22 is a fragmentary cross-sectional view illus-
trating an embodiment of the radial expansion and plastic
deformation of a portion of a first tubular member having an
internally threaded connection at an end portion, an embodi-
ment of a tubular sleeve supported by the end portion of the
first tubular member, and a second tubular member having
an externally threaded portion coupled to the internally
threaded portion of the first tubular member and engaged by
a flange of the sleeve. The sleeve includes the flange at one
end for increasing axial compression loading.

[0126] FIG. 23 is a fragmentary cross-sectional view illus-
trating an embodiment of the radial expansion and plastic
deformation of a portion of a first tubular member having an
internally threaded connection at an end portion, a second
tubular member having an externally threaded portion
coupled to the internally threaded portion of the first tubular
member, and an embodiment of a tubular sleeve supported
by the end portion of both tubular members. The sleeve
includes flanges at opposite ends for increasing axial tension
loading.

[0127] FIG. 24 is a fragmentary cross-sectional illustration
of the radial expansion and plastic deformation of a portion
of a first tubular member having an internally threaded
connection at an end portion, a second tubular member
having an externally threaded portion coupled to the inter-
nally threaded portion of the first tubular member, and an
embodiment of a tubular sleeve supported by the end portion
of both tubular members. The sleeve includes flanges at
opposite ends for increasing axial compression/tension load-
ing.

[0128] FIG. 25 is a fragmentary cross-sectional illustration
of the radial expansion and plastic deformation of a portion
of a first tubular member having an internally threaded
connection at an end portion, a second tubular member
having an externally threaded portion coupled to the inter-
nally threaded portion of the first tubular member, and an
embodiment of a tubular sleeve supported by the end portion
of both tubular members. The sleeve includes flanges at
opposite ends having sacrificial material thereon.

[0129] FIG. 26 is a fragmentary cross-sectional illustration
of the radial expansion and plastic deformation of a portion
of a first tubular member having an internally threaded
connection at an end portion, a second tubular member
having an externally threaded portion coupled to the inter-
nally threaded portion of the first tubular member, and an
embodiment of a tubular sleeve supported by the end portion
of both tubular members. The sleeve includes a thin walled
cylinder of sacrificial material.

[0130] FIG. 27 is a fragmentary cross-sectional illustration
of the radial expansion and plastic deformation of a portion
of a first tubular member having an internally threaded
connection at an end portion, a second tubular member
having an externally threaded portion coupled to the inter-
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nally threaded portion of the first tubular member, and an
embodiment of a tubular sleeve supported by the end portion
of both tubular members. The sleeve includes a variable
thickness along the length thereof.

[0131] FIG. 28 is a fragmentary cross-sectional illustration
of the radial expansion and plastic deformation of a portion
of a first tubular member having an internally threaded
connection at an end portion, a second tubular member
having an externally threaded portion coupled to the inter-
nally threaded portion of the first tubular member, and an
embodiment of a tubular sleeve supported by the end portion
of both tubular members. The sleeve includes a member
coiled onto grooves formed in the sleeve for varying the
sleeve thickness.

[0132] FIG. 29 is a fragmentary cross-sectional illustration
of an exemplary embodiment of an expandable connection.

[0133] FIGS. 30a-30c are fragmentary cross-sectional
illustrations of exemplary embodiments of expandable con-
nections.

[0134] FIG.31is a fragmentary cross-sectional illustration
of an exemplary embodiment of an expandable connection.

[0135] FIGS. 324 and 325 are fragmentary cross-sectional
illustrations of the formation of an exemplary embodiment
of an expandable connection.

[0136] FIG. 33 is a fragmentary cross-sectional illustration
of an exemplary embodiment of an expandable connection.

[0137] FIGS. 34a, 34b and 34c¢ are fragmentary cross-
sectional illustrations of an exemplary embodiment of an
expandable connection.

[0138] FIG. 354 is a fragmentary cross-sectional illustra-
tion of an exemplary embodiment of an expandable tubular
member.

[0139] FIG. 3554 is a graphical illustration of an exemplary
embodiment of the variation in the yield point for the
expandable tubular member of FIG. 35a.

[0140] FIG. 36a is a flow chart illustration of an exem-
plary embodiment of a method for processing a tubular
member.

[0141] FIG. 365 is an illustration of the microstructure of
an exemplary embodiment of a tubular member prior to
thermal processing.

[0142] FIG. 36¢ is an illustration of the microstructure of
an exemplary embodiment of a tubular member after ther-
mal processing.

[0143] FIG. 37a is a flow chart illustration of an exem-
plary embodiment of a method for processing a tubular
member.

[0144] FIG. 375 is an illustration of the microstructure of
an exemplary embodiment of a tubular member prior to
thermal processing.

[0145] FIG. 37c¢ is an illustration of the microstructure of
an exemplary embodiment of a tubular member after ther-
mal processing.

[0146] FIG. 38a is a flow chart illustration of an exem-
plary embodiment of a method for processing a tubular
member.
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[0147] FIG. 38b is an illustration of the microstructure of
an exemplary embodiment of a tubular member prior to
thermal processing.

[0148] FIG. 38c¢ is an illustration of the microstructure of
an exemplary embodiment of a tubular member after ther-
mal processing.

[0149] FIG. 39 is an illustration of an exemplary embodi-
ment of a method for manufacturing an expandable tubular
member.

[0150] FIG. 40 is an illustration of an exemplary embodi-
ment of a method for expanding an expandable tubular
member.

[0151] FIG. 41 is an illustration of an exemplary embodi-
ment of a method for formability evaluation.

[0152] FIG. 42 is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0153] FIG. 43 is an illustration of an exemplary embodi-
ment of a method for transforming the yield strength of an
expandable tubular member.

[0154] FIG. 44 is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0155] FIG. 45 is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0156] FIG. 46 is an illustration of an exemplary embodi-
ment of a method for manufacturing an expandable tubular
member.

[0157] FIG. 47 is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0158] FIG. 48 is an illustration of an exemplary embodi-
ment of a lubricated expandable tubular member.

[0159] FIG. 49 is an illustration of an exemplary embodi-
ment of the force needed to expand a plurality of lubricated
tubular members.

[0160] FIG. 50aq is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0161] FIG. 5056 is an illustration of the stress strain
properties of a plurality of expandable tubular members.

[0162] FIG. 51 is an illustration of an exemplary embodi-
ment of the force needed to expand a plurality of tubular
members including different lubricants.

[0163] FIG. 52 is an illustration of an exemplary embodi-
ment of the collapse strength of a plurality of tubular
members including different lubricants.

[0164] FIG. 53 is an illustration of an exemplary embodi-
ment of a plurality of expandable tubular members of
different compositions.

[0165] FIG. 54 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 16% expan-
sion.

[0166] FIG. 55 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 15.6% expan-
sion.
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[0167] FIG. 56 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 24% expan-
sion.

[0168] FIG. 57 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 16% and 24%
expansion.

[0169] FIG. 58 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 16% expan-
sion.

[0170] FIG. 59 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 24% expan-
sion.

[0171] FIG. 60 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 16% and 24%
expansion.

[0172] FIG. 61 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 16% expan-
sion.

[0173] FIG. 62 is an illustration of an exemplary experi-
mental embodiment of the tensile characteristics of an
expandable tubular member before and after 24% expan-
sion.

[0174] FIG. 63 is an illustration of an exemplary experi-
mental embodiment of the stress/strain curve for an expand-
able tubular member before expansion, after 16% expansion,
and after 24% expansion.

[0175] FIG. 64 is an illustration of an exemplary experi-
mental embodiment of the stress/strain curve for an expand-
able tubular member before expansion, after 16% expansion,
and after 24% expansion.

[0176] FIG. 65 is an illustration of an exemplary experi-
mental embodiment of the stress/strain curve for an expand-
able tubular member before expansion, after 16% expansion,
and after 24% expansion.

[0177] FIG. 66 is an illustration of an exemplary experi-
mental embodiment of the stress/strain curve for an expand-
able tubular member before expansion, after 15.2% expan-
sion, and after 25.2% expansion.

[0178] FIG. 67 is an illustration of an exemplary experi-
mental embodiment of the stress/strain curve for an expand-
able tubular member before expansion and after 31.3%
expansion.

[0179] FIG. 68a is an illustration of an exemplary experi-
mental embodiment of the stress/strain curve for an expand-
able tubular member before expansion and after 15.6%
expansion.

[0180] FIG. 68b is an illustration of the properties of an
expandable tubular member.

[0181] FIG. 69 is an illustration of an exemplary experi-
mental embodiment of the tensile and yield strength of a
tubular member before and after quenching in water at
approximately 775° C.
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[0182] FIG. 70 is an illustration of an exemplary experi-
mental embodiment of the tensile and yield strength of a
tubular member before and after quenching in water at
approximately 790° C.

[0183] FIG. 71 is an illustration of an exemplary experi-
mental embodiment of the tensile and yield strength of a
tubular member before and after quenching in water at
approximately 735° C.

[0184] FIG. 72 is an illustration of an exemplary experi-
mental embodiment of the tensile and yield strength of a
tubular member before and after quenching in oil at approxi-
mately 775° C.

[0185] FIG. 73 is an illustration of an exemplary experi-
mental embodiment of the tensile and yield strength of a
tubular member before and after quenching in oil at approxi-
mately 820° C.

[0186] FIG. 74 is an illustration of an exemplary experi-
mental embodiment of the tensile and yield strength of a
tubular member before and after quenching in oil at approxi-
mately 750° C.

[0187] FIG. 75 is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0188] FIG. 76 is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0189] FIG. 77a is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0190] FIG. 775 is an illustration of an exemplary embodi-
ment of the stress-strain curve for an expandable tubular
member.

[0191] FIG. 78a is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0192] FIG. 785 is an illustration of an exemplary embodi-
ment of the stress-strain curve for an expandable tubular
member.

[0193] FIG. 79a is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0194] FIG. 795 is an illustration of an exemplary embodi-
ment of the stress-strain curve for an expandable tubular
member.

[0195] FIG. 80a¢ is an illustration of an exemplary embodi-
ment of the properties of an expandable tubular member.

[0196] FIG. 805 is an illustration of an exemplary embodi-
ment of the stress-strain curve for an expandable tubular
member.

[0197] FIG. 81 is an illustration of an exemplary embodi-
ment of the properties for a plurality of expandable tubular
members.

[0198] FIG. 82 is an illustration of an exemplary embodi-
ment of the properties for a plurality of quenched and
tempered expandable tubular members.
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DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENTS

[0199] Referring initially to FIG. 1, an exemplary embodi-
ment of an expandable tubular assembly 10 includes a first
expandable tubular member 12 coupled to a second expand-
able tubular member 14. In several exemplary embodiments,
the ends of the first and second expandable tubular members,
12 and 14, are coupled using, for example, a conventional
mechanical coupling, a welded connection, a brazed con-
nection, a threaded connection, and/or an interference fit
connection. In an exemplary embodiment, the first expand-
able tubular member 12 has a plastic yield point YP,, and the
second expandable tubular member 14 has a plastic yield
point YP,. In an exemplary embodiment, the expandable
tubular assembly 10 is positioned within a preexisting
structure such as, for example, a wellbore 16 that traverses
a subterranean formation 18.

[0200] As illustrated in FIG. 2, an expansion device 20
may then be positioned within the second expandable tubu-
lar member 14. In several exemplary embodiments, the
expansion device 20 may include, for example, one or more
of the following conventional expansion devices: a) an
expansion cone; b) a rotary expansion device; ¢) a hydro-
forming expansion device; d) an impulsive force expansion
device; d) any one of the expansion devices commercially
available from, or disclosed in any of the published patent
applications or issued patents, of Weatherford International,
Baker Hughes, Halliburton Energy Services, Shell Oil Co.,
Schlumberger, and/or Enventure Global Technology L..L..C.
In several exemplary embodiments, the expansion device 20
is positioned within the second expandable tubular member
14 before, during, or after the placement of the expandable
tubular assembly 10 within the preexisting structure 16.

[0201] As illustrated in FIG. 3, the expansion device 20
may then be operated to radially expand and plastically
deform at least a portion of the second expandable tubular
member 14 to form a bell-shaped section.

[0202] As illustrated in FIG. 4, the expansion device 20
may then be operated to radially expand and plastically
deform the remaining portion of the second expandable
tubular member 14 and at least a portion of the first
expandable tubular member 12.

[0203] In an exemplary embodiment, at least a portion of
at least a portion of at least one of the first and second
expandable tubular members, 12 and 14, are radially
expanded into intimate contact with the interior surface of
the preexisting structure 16.

[0204] Inanexemplary embodiment, as illustrated in FIG.
5, the plastic yield point YP, is greater than the plastic yield
point YP,. In this manner, in an exemplary embodiment, the
amount of power and/or energy required to radially expand
the second expandable tubular member 14 is less than the
amount of power and/or energy required to radially expand
the first expandable tubular member 12.

[0205] Inanexemplary embodiment, as illustrated in FIG.
6, the first expandable tubular member 12 and/or the second
expandable tubular member 14 have a ductility D,z and a
yield strength YSpp prior to radial expansion and plastic
deformation, and a ductility D,y and a yield strength YS , ¢
after radial expansion and plastic deformation. In an exem-
plary embodiment, Dpy is greater than D,5, and YS,y is
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greater than YSpg. In this manner, the first expandable
tubular member 12 and/or the second expandable tubular
member 14 are transformed during the radial expansion and
plastic deformation process. Furthermore, in this manner, in
an exemplary embodiment, the amount of power and/or
energy required to radially expand each unit length of the
first and/or second expandable tubular members, 12 and 14,
is reduced. Furthermore, because the YS . is greater than
YS;g, the collapse strength of the first expandable tubular
member 12 and/or the second expandable tubular member
14 is increased after the radial expansion and plastic defor-
mation process.

[0206] Inanexemplary embodiment, as illustrated in FIG.
7, following the completion of the radial expansion and
plastic deformation of the expandable tubular assembly 10
described above with reference to FIGS. 1-4, at least a
portion of the second expandable tubular member 14 has an
inside diameter that is greater than at least the inside
diameter of the first expandable tubular member 12. In this
manner a bell-shaped section is formed using at least a
portion of the second expandable tubular member 14.
Another expandable tubular assembly 22 that includes a first
expandable tubular member 24 and a second expandable
tubular member 26 may then be positioned in overlapping
relation to the first expandable tubular assembly 10 and
radially expanded and plastically deformed using the meth-
ods described above with reference to FIGS. 1-4. Further-
more, following the completion of the radial expansion and
plastic deformation of the expandable tubular assembly 20,
in an exemplary embodiment, at least a portion of the second
expandable tubular member 26 has an inside diameter that is
greater than at least the inside diameter of the first expand-
able tubular member 24. In this manner a bell-shaped section
is formed using at least a portion of the second expandable
tubular member 26. Furthermore, in this manner, a mono-
diameter tubular assembly is formed that defines an internal
passage 28 having a substantially constant cross-sectional
area and/or inside diameter.

[0207] Referring to FIG. 8, an exemplary embodiment of
an expandable tubular assembly 100 includes a first expand-
able tubular member 102 coupled to a tubular coupling 104.
The tubular coupling 104 is coupled to a tubular coupling
106. The tubular coupling 106 is coupled to a second
expandable tubular member 108. In several exemplary
embodiments, the tubular couplings, 104 and 106, provide a
tubular coupling assembly for coupling the first and second
expandable tubular members, 102 and 108, together that
may include, for example, a conventional mechanical cou-
pling, a welded connection, a brazed connection, a threaded
connection, and/or an interference fit connection. In an
exemplary embodiment, the first and second expandable
tubular members 12 have a plastic yield point YP,, and the
tubular couplings, 104 and 106, have a plastic yield point
YP,. In an exemplary embodiment, the expandable tubular
assembly 100 is positioned within a preexisting structure
such as, for example, a wellbore 110 that traverses a sub-
terranean formation 112.

[0208] As illustrated in FIG. 9, an expansion device 114
may then be positioned within the second expandable tubu-
lar member 108. In several exemplary embodiments, the
expansion device 114 may include, for example, one or more
of the following conventional expansion devices: a) an
expansion cone; b) a rotary expansion device; ¢) a hydro-
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forming expansion device; d) an impulsive force expansion
device; d) any one of the expansion devices commercially
available from, or disclosed in any of the published patent
applications or issued patents, of Weatherford International,
Baker Hughes, Halliburton Energy Services, Shell Oil Co.,
Schlumberger, and/or Enventure Global Technology L..L..C.
In several exemplary embodiments, the expansion device
114 is positioned within the second expandable tubular
member 108 before, during, or after the placement of the
expandable tubular assembly 100 within the preexisting
structure 110.

[0209] As illustrated in FIG. 10, the expansion device 114
may then be operated to radially expand and plastically
deform at least a portion of the second expandable tubular
member 108 to form a bell-shaped section.

[0210] As illustrated in FIG. 11, the expansion device 114
may then be operated to radially expand and plastically
deform the remaining portion of the second expandable
tubular member 108, the tubular couplings, 104 and 106, and
at least a portion of the first expandable tubular member 102.

[0211] In an exemplary embodiment, at least a portion of
at least a portion of at least one of the first and second
expandable tubular members, 102 and 108, are radially
expanded into intimate contact with the interior surface of
the preexisting structure 110.

[0212] Inanexemplary embodiment, as illustrated in FIG.
12, the plastic yield point YP, is less than the plastic yield
point YP,. In this manner, in an exemplary embodiment, the
amount of power and/or energy required to radially expand
each unit length of the first and second expandable tubular
members, 102 and 108, is less than the amount of power
and/or energy required to radially expand each unit length of
the tubular couplings, 104 and 106.

[0213] Inanexemplary embodiment, as illustrated in FIG.
13, the first expandable tubular member 12 and/or the
second expandable tubular member 14 have a ductility Dy
and a yield strength YSpz prior to radial expansion and
plastic deformation, and a ductility D, and a yield strength
YS i after radial expansion and plastic deformation. In an
exemplary embodiment, Dy, is greater than D, and YS . ¢
is greater than YS;5. In this manner, the first expandable
tubular member 12 and/or the second expandable tubular
member 14 are transformed during the radial expansion and
plastic deformation process. Furthermore, in this manner, in
an exemplary embodiment, the amount of power and/or
energy required to radially expand each unit length of the
first and/or second expandable tubular members, 12 and 14,
is reduced. Furthermore, because the YS, is greater than
YSpg, the collapse strength of the first expandable tubular
member 12 and/or the second expandable tubular member
14 is increased after the radial expansion and plastic defor-
mation process.

[0214] Referring to FIG. 14, an exemplary embodiment of
an expandable tubular assembly 200 includes a first expand-
able tubular member 202 coupled to a second expandable
tubular member 204 that defines radial openings 204a, 2045,
204c, and 2044. In several exemplary embodiments, the
ends of the first and second expandable tubular members,
202 and 204, are coupled using, for example, a conventional
mechanical coupling, a welded connection, a brazed con-
nection, a threaded connection, and/or an interference fit
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connection. In an exemplary embodiment, one or more of
the radial openings, 204a, 2045, 204c, and 204d, have
circular, oval, square, and/or irregular cross sections and/or
include portions that extend to and interrupt either end of the
second expandable tubular member 204. In an exemplary
embodiment, the expandable tubular assembly 200 is posi-
tioned within a preexisting structure such as, for example, a
wellbore 206 that traverses a subterranean formation 208.

[0215] As illustrated in FIG. 15, an expansion device 210
may then be positioned within the second expandable tubu-
lar member 204. In several exemplary embodiments, the
expansion device 210 may include, for example, one or
more of the following conventional expansion devices: a) an
expansion cone; b) a rotary expansion device; ¢) a hydro-
forming expansion device; d) an impulsive force expansion
device; d) any one of the expansion devices commercially
available from, or disclosed in any of the published patent
applications or issued patents, of Weatherford International,
Baker Hughes, Halliburton Energy Services, Shell Oil Co.,
Schlumberger, and/or Enventure Global Technology L..L.C.
In several exemplary embodiments, the expansion device
210 is positioned within the second expandable tubular
member 204 before, during, or after the placement of the
expandable tubular assembly 200 within the preexisting
structure 206.

[0216] As illustrated in FIG. 16, the expansion device 210
may then be operated to radially expand and plastically
deform at least a portion of the second expandable tubular
member 204 to form a bell-shaped section.

[0217] As illustrated in FIG. 16, the expansion device 20
may then be operated to radially expand and plastically
deform the remaining portion of the second expandable
tubular member 204 and at least a portion of the first
expandable tubular member 202.

[0218] In an exemplary embodiment, the anisotropy ratio
AR for the first and second expandable tubular members is
defined by the following equation:

AR=In (WT¢WT,)/In (D¢D,);
[0219] where AR=anisotropy ratio;

[0220] where WT =final wall thickness of the expandable
tubular member following the radial expansion and plastic
deformation of the expandable tubular member;

[0221] where WT,=initial wall thickness of the expandable
tubular member prior to the radial expansion and plastic
deformation of the expandable tubular member;

[0222] where D;=final inside diameter of the expandable
tubular member following the radial expansion and plastic
deformation of the expandable tubular member; and

[0223] where D;=initial inside diameter of the expandable
tubular member prior to the radial expansion and plastic
deformation of the expandable tubular member.

[0224] 1In an exemplary embodiment, the anisotropy ratio
AR for the first and/or second expandable tubular members,
204 and 204, is greater than 1.

[0225] In an exemplary experimental embodiment, the
second expandable tubular member 204 had an anisotropy
ratio AR greater than 1, and the radial expansion and plastic
deformation of the second expandable tubular member did
not result in any of the openings, 204a, 2045, 204¢, and
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204d, splitting or otherwise fracturing the remaining por-
tions of the second expandable tubular member. This was an
unexpected result.

[0226] Referring to FIG. 18, in an exemplary embodiment,
one or more of the expandable tubular members, 12, 14, 24,
26, 102, 104, 106, 108, 202 and/or 204 are processed using
a method 300 in which a tubular member in an initial state
is thermo-mechanically processed in step 302. In an exem-
plary embodiment, the thermo-mechanical processing 302
includes one or more heat treating and/or mechanical form-
ing processes. As a result, of the thermo-mechanical pro-
cessing 302, the tubular member is transformed to an
intermediate state. The tubular member is then further
thermo-mechanically processed in step 304. In an exemplary
embodiment, the thermo-mechanical processing 304
includes one or more heat treating and/or mechanical form-
ing processes. As a result, of the thermo-mechanical pro-
cessing 304, the tubular member is transformed to a final
state.

[0227] Inanexemplary embodiment, as illustrated in FIG.
19, during the operation of the method 300, the tubular
member has a ductility Dpy, and a yield strength YS;5 prior
to the final thermo-mechanical processing in step 304, and
a ductility D, and a yield strength YS , ; after final thermo-
mechanical processing. In an exemplary embodiment, Dy is
greater than D,p, and YS, 5 is greater than YSpr. In this
manner, the amount of energy and/or power required to
transform the tubular member, using mechanical forming
processes, during the final thermo-mechanical processing in
step 304 is reduced. Furthermore, in this manner, because
the YS 5 is greater than YS;, the collapse strength of the
tubular member is increased after the final thermo-mechani-
cal processing in step 304.

[0228] In an exemplary embodiment, one or more of the
expandable tubular members, 12, 14, 24, 26, 102, 104, 106,
108, 202 and/or 204, have the following characteristics:

Characteristic Value

Tensile Strength 60 to 120 ksi
Yield Strength 50 to 100 ksi
Y/T Ratio Maximum of 50/85%
Elongation During Radial Expansion and Minimum of 35%
Plastic Deformation

Width Reduction During Radial Expansion Minimum of 40%
and Plastic Deformation

Wall Thickness Reduction During Radial Minimum of 30%
Expansion and Plastic Deformation

Anisotropy Minimum of 1.5

Minimum Absorbed Energy at -4 F. (=20 C.) in 80 ft-1b
the Longitudinal Direction

Minimum Absorbed Energy at -4 F. (=20 C.) in 60 ft-1b
the Transverse Direction

Minimum Absorbed Energy at -4 F. (<20 C.) 60 ft-1b
Transverse To A Weld Area

Flare Expansion Testing Minimum of 75%
Without A Failure
Increase in Yield Strength Due To Radial Greater than 5.4%

Expansion and Plastic Deformation

[0229] In an exemplary embodiment, one or more of the
expandable tubular members, 12, 14, 24, 26, 102, 104, 106,
108, 202 and/or 204, are characterized by an expandability
coefficient f:
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[0230] i. f=rxn

[0231] ii. where f=expandability coefficient;
[0232] 1. r=anisotropy coefficient; and
[0233] 2. n=strain hardening exponent.

[0234] In an exemplary embodiment, the anisotropy coef-
ficient for one or more of the expandable tubular members,
12, 14, 24, 26,102, 104, 106, 108, 202 and/or 204 is greater
than 1. In an exemplary embodiment, the strain hardening
exponent for one or more of the expandable tubular mem-
bers, 12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204 is
greater than 0.12. In an exemplary embodiment, the expand-
ability coefficient for one or more of the expandable tubular
members, 12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204
is greater than 0.12.

[0235] In an exemplary embodiment, a tubular member
having a higher expandability coefficient requires less power
and/or energy to radially expand and plastically deform each
unit length than a tubular member having a lower expand-
ability coefficient. In an exemplary embodiment, a tubular
member having a higher expandability coeflicient requires
less power and/or energy per unit length to radially expand
and plastically deform than a tubular member having a lower
expandability coefficient.

[0236] In several exemplary experimental embodiments,
one or more of the expandable tubular members, 12, 14, 24,
26, 102, 104, 106, 108, 202 and/or 204, are steel alloys
having one of the following compositions:

Steel Element and Percentage By Weight

Alloy C Mn P S Si Cu Ni Cr
A 0065 144 0.01 0.002 024 0.01 0.01 0.02
B 0.18 1.28 0.017 0.004 0.29 0.01 0.01 0.03
Cc 0.08 0.82  0.006 0.003 0.30 0.16 0.05 0.05
D 0.02 1.31  0.02 0.001 045 — 9.1 18.7

[0237] In exemplary experimental embodiment, as illus-
trated in FIG. 20, a sample of an expandable tubular member
composed of Alloy A exhibited a yield point before radial
expansion and plastic deformation YPyg, a yield point after
radial expansion and plastic deformation of about 16%
YP x 600, and a yield point after radial expansion and plastic
deformation of about 24% YP,g,4.,. In an exemplary
experimental embodiment, YP s 540> YP s51600> Y Py Fur-
thermore, in an exemplary experimental embodiment, the
ductility of the sample of the expandable tubular member
composed of Alloy A also exhibited a higher ductility prior
to radial expansion and plastic deformation than after radial
expansion and plastic deformation. These were unexpected
results.

[0238] In an exemplary experimental embodiment, a
sample of an expandable tubular member composed of Alloy
A exhibited the following tensile characteristics before and
after radial expansion and plastic deformation:
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Yield Wall
Point Yield Elongation Width Thickness
ksi Ratio % Reduction % Reduction %  Anisotropy
Before 46.9 0.69 53 -52 55 0.93
Radial
Expansion
and Plastic
Deformation
After 16% 65.9 0.83 17 42 51 0.78
Radial
Expansion
After 24% 68.5 0.83 5 44 54 0.76
Radial
Expansion
% Increase 40% for
16%
radial
expansion
46% for
24%
radial
expansion

[0239] In exemplary experimental embodiment, as illus-
trated in FIG. 21, a sample of an expandable tubular member
composed of Alloy B exhibited a yield point before radial
expansion and plastic deformation YPgg, a yield point after
radial expansion and plastic deformation of about 16%
YP x1 600, and a yield point after radial expansion and plastic
deformation of about 24% YP,g54.,. In an exemplary
embodiment, YP, rs40>YP g 60.>YPpg. Furthermore, in
an exemplary experimental embodiment, the ductility of the

sample of the expandable tubular member composed of
Alloy B also exhibited a higher ductility prior to radial
expansion and plastic deformation than after radial expan-
sion and plastic deformation. These were unexpected results.

[0240] In an exemplary experimental embodiment, a
sample of an expandable tubular member composed of Alloy
B exhibited the following tensile characteristics before and
after radial expansion and plastic deformation:

Yield Wall
Point Yield Width Thickness
ksi Ratio  Elongation % Reduction % Reduction %  Anisotropy
Before 57.8 0.71 44 43 46 0.93
Radial
Expansion
and Plastic
Deformation
After 16% 744 0.84 16 38 42 0.87
Radial
Expansion
After 24% 79.8 0.86 20 36 42 0.81
Radial
Expansion
% Increase 28.7%
increase
for 16%
radial
expansion
38%
increase
for 24%
radial

expansion
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[0241] In an exemplary experimental embodiment,
samples of expandable tubulars composed of Alloys A, B, C,
and D exhibited the following tensile characteristics prior to
radial expansion and plastic deformation:

Absorbed
Steel Yield Yield Elongation Ani- Energy Expandability
Alloy  ksi Ratio % sotropy ft-1b Coeflicient
A 47.6 0.71 44 1.48 145
B 57.8 0.71 44 1.04 62.2
C 61.7 0.80 39 1.92 268
D 48 0.55 56 1.34 —
[0242] In an exemplary embodiment, one or more of the

expandable tubular members, 12, 14, 24, 26, 102, 104, 106,
108, 202 and/or 204 have a strain hardening exponent
greater than 0.12, and a yield ratio is less than 0.85.

[0243] In an exemplary embodiment, the carbon equiva-
lent C,, for tubular members having a carbon content (by
weight percentage) less than or equal to 0.12%, is given by
the following expression:

C =C+Mn/6+(Cr+Mo+V+Ti+Nb)/5+(Ni+Cu)/15

[0244] where C_=carbon equivalent value;

[0245] a. C=carbon percentage by weight;

[0246] b. Mn=manganese percentage by weight;
[0247] c. Cr=chromium percentage by weight;
[0248] d. Mo=molybdenum percentage by weight;
[0249] e. V=vanadium percentage by weight;
[0250] f. Ti=titanium percentage by weight;
[0251] g. Nb=niobium percentage by weight;
[0252] h. Ni=nickel percentage by weight; and
[0253] i. Cu=copper percentage by weight.

[0254] In an exemplary embodiment, the carbon equiva-

lent value C,, for tubular members having a carbon content
less than or equal to 0.12% (by weight), for one or more of
the expandable tubular members, 12, 14, 24, 26, 102, 104,
106, 108, 202 and/or 204 is less than 0.21.

[0255] In an exemplary embodiment, the carbon equiva-
lent C,, for tubular members having more than 0.12%
carbon content (by weight), is given by the following
expression:

C=C+Si/30+(Mn+Cu+Cr)/20+Ni/60+Mo/15+V/10+
5*B

[0256] where C_=carbon equivalent value;

[0257] a. C=carbon percentage by weight;
[0258] b. Si=silicon percentage by weight;
[0259] c¢. Mn=manganese percentage by weight;
[0260] d. Cu=copper percentage by weight;
[0261] e. Cr=chromium percentage by weight;
[0262]

[0263]

f. Ni=nickel percentage by weight;
g. Mo=molybdenum percentage by weight;
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[0264] h. V=vanadium percentage by weight; and
[0265]

[0266] In an exemplary embodiment, the carbon equiva-
lent value C,, for tubular members having greater than
0.12% carbon content (by weight), for one or more of the
expandable tubular members, 12, 14, 24, 26, 102, 104, 106,
108, 202 and/or 204 is less than 0.36.

i. B=boron percentage by weight.

[0267] Referring to FIG. 22 in an exemplary embodiment,
a first tubular member 2210 includes an internally threaded
connection 2212 at an end portion 2214. A first end of a
tubular sleeve 2216 that includes an internal flange 2218
having a tapered portion 2220, and a second end that
includes a tapered portion 2222, is then mounted upon and
receives the end portion 2214 of the first tubular member
2210. In an exemplary embodiment, the end portion 2214 of
the first tubular member 2210 abuts one side of the internal
flange 2218 of the tubular sleeve 2216, and the internal
diameter of the internal flange 2218 of the tubular sleeve
2216 is substantially equal to or greater than the maximum
internal diameter of the internally threaded connection 2212
of'the end portion 2214 of the first tubular member 2210. An
externally threaded connection 2224 of an end portion 2226
of a second tubular member 2228 having an annular recess
2230 is then positioned within the tubular sleeve 2216 and
threadably coupled to the internally threaded connection
2212 of the end portion 2214 of the first tubular member
2210. In an exemplary embodiment, the internal flange 2218
of the tubular sleeve 2216 mates with and is received within
the annular recess 2230 of the end portion 2226 of the
second tubular member 2228. Thus, the tubular sleeve 2216
is coupled to and surrounds the external surfaces of the first
and second tubular members, 2210 and 2228.

[0268] The internally threaded connection 2212 of the end
portion 2214 of the first tubular member 2210 is a box
connection, and the externally threaded connection 2224 of
the end portion 2226 of the second tubular member 2228 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 2216 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members, 2210 and 2228. In this manner,
during the threaded coupling of the first and second tubular
members, 2210 and 2228, fluidic materials within the first
and second tubular members may be vented from the tubular
members.

[0269] As illustrated in FIG. 22, the first and second
tubular members, 2210 and 2228, and the tubular sleeve
2216 may be positioned within another structure 2232 such
as, for example, a cased or uncased wellbore, and radially
expanded and plastically deformed, for example, by displac-
ing and/or rotating a conventional expansion device 2234
within and/or through the interiors of the first and second
tubular members. The tapered portions, 2220 and 2222, of
the tubular sleeve 2216 facilitate the insertion and move-
ment of the first and second tubular members within and
through the structure 2232, and the movement of the expan-
sion device 2234 through the interiors of the first and second
tubular members, 2210 and 2228, may be, for example, from
top to bottom or from bottom to top.

[0270] During the radial expansion and plastic deforma-
tion of the first and second tubular members, 2210 and 2228,
the tubular sleeve 2216 is also radially expanded and plas-
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tically deformed. As a result, the tubular sleeve 2216 may be
maintained in circumferential tension and the end portions,
2214 and 2226, of the first and second tubular members,
2210 and 2228, may be maintained in circumferential com-
pression.

[0271] Sleeve 2216 increases the axial compression load-
ing of the connection between tubular members 2210 and
2228 before and after expansion by the expansion device
2234. Sleeve 2216 may, for example, be secured to tubular
members 2210 and 2228 by a heat shrink fit.

[0272] In several alternative embodiments, the first and
second tubular members, 2210 and 2228, are radially
expanded and plastically deformed using other conventional
methods for radially expanding and plastically deforming
tubular members such as, for example, internal pressuriza-
tion, hydroforming, and/or roller expansion devices and/or
any one or combination of the conventional commercially
available expansion products and services available from
Baker Hughes, Weatherford International, and/or Enventure
Global Technology L.L.C.

[0273] The use of the tubular sleeve 2216 during (a) the
coupling of the first tubular member 2210 to the second
tubular member 2228, (b) the placement of the first and
second tubular members in the structure 2232, and (c) the
radial expansion and plastic deformation of the first and
second tubular members provides a number of significant
benefits. For example, the tubular sleeve 2216 protects the
exterior surfaces of the end portions, 2214 and 2226, of the
first and second tubular members, 2210 and 2228, during
handling and insertion of the tubular members within the
structure 2232. In this manner, damage to the exterior
surfaces of the end portions, 2214 and 2226, of the first and
second tubular members, 2210 and 2228, is avoided that
could otherwise result in stress concentrations that could
cause a catastrophic failure during subsequent radial expan-
sion operations. Furthermore, the tubular sleeve 2216 pro-
vides an alignment guide that facilitates the insertion and
threaded coupling of the second tubular member 2228 to the
first tubular member 2210. In this manner, misalignment that
could result in damage to the threaded connections, 2212
and 2224, of the first and second tubular members, 2210 and
2228, may be avoided. In addition, during the relative
rotation of the second tubular member with respect to the
first tubular member, required during the threaded coupling
of the first and second tubular members, the tubular sleeve
2216 provides an indication of to what degree the first and
second tubular members are threadably coupled. For
example, if the tubular sleeve 2216 can be easily rotated, that
would indicate that the first and second tubular members,
2210 and 2228, are not fully threadably coupled and in
intimate contact with the internal flange 2218 of the tubular
sleeve. Furthermore, the tubular sleeve 2216 may prevent
crack propagation during the radial expansion and plastic
deformation of the first and second tubular members, 2210
and 2228. In this manner, failure modes such as, for
example, longitudinal cracks in the end portions, 2214 and
2226, of the first and second tubular members may be
limited in severity or eliminated all together. In addition,
after completing the radial expansion and plastic deforma-
tion of the first and second tubular members, 2210 and 2228,
the tubular sleeve 2216 may provide a fluid tight metal-to-
metal seal between interior surface of the tubular sleeve
2216 and the exterior surfaces of the end portions, 2214 and
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2226, of the first and second tubular members. In this
manner, fluidic materials are prevented from passing
through the threaded connections, 2212 and 2224, of the first
and second tubular members, 2210 and 2228, into the
annulus between the first and second tubular members and
the structure 2232. Furthermore, because, following the
radial expansion and plastic deformation of the first and
second tubular members, 2210 and 2228, the tubular sleeve
2216 may be maintained in circumferential tension and the
end portions, 2214 and 2226, of the first and second tubular
members, 2210 and 2228, may be maintained in circumfer-
ential compression, axial loads and/or torque loads may be
transmitted through the tubular sleeve.

[0274] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2210 and
2228, and the tubular sleeve 2216 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0275] Referring to FIG. 23, in an exemplary embodiment,
a first tubular member 210 includes an internally threaded
connection 2312 at an end portion 2314. A first end of a
tubular sleeve 2316 includes an internal flange 2318 and a
tapered portion 2320. A second end of the sleeve 2316
includes an internal flange 2321 and a tapered portion 2322.
An externally threaded connection 2324 of an end portion
2326 of a second tubular member 2328 having an annular
recess 2330, is then positioned within the tubular sleeve
2316 and threadably coupled to the internally threaded
connection 2312 of the end portion 2314 of the first tubular
member 2310. The internal flange 2318 of the sleeve 2316
mates with and is received within the annular recess 2330.

[0276] The first tubular member 2310 includes a recess
2331. The internal flange 2321 mates with and is received
within the annular recess 2331. Thus, the sleeve 2316 is
coupled to and surrounds the external surfaces of the first
and second tubular members 2310 and 2328.

[0277] The internally threaded connection 2312 of the end
portion 2314 of the first tubular member 2310 is a box
connection, and the externally threaded connection 2324 of
the end portion 2326 of the second tubular member 2328 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 2316 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members 2310 and 2328. In this manner,
during the threaded coupling of the first and second tubular
members 2310 and 2328, fluidic materials within the first
and second tubular members may be vented from the tubular
members.

[0278] As illustrated in FIG. 23, the first and second
tubular members 2310 and 2328, and the tubular sleeve 2316
may then be positioned within another structure 2332 such
as, for example, a wellbore, and radially expanded and
plastically deformed, for example, by displacing and/or
rotating an expansion device 2334 through and/or within the
interiors of the first and second tubular members. The
tapered portions 2320 and 2322, of the tubular sleeve 2316
facilitates the insertion and movement of the first and second
tubular members within and through the structure 2332, and
the displacement of the expansion device 2334 through the
interiors of the first and second tubular members 2310 and
2328, may be from top to bottom or from bottom to top.

[0279] During the radial expansion and plastic deforma-
tion of the first and second tubular members 2310 and 2328,
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the tubular sleeve 2316 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 2316 may be maintained in circumferen-
tial tension and the end portions 2314 and 2326, of the first
and second tubular members 2310 and 2328, may be main-
tained in circumferential compression.

[0280] Sleeve 2316 increases the axial tension loading of
the connection between tubular members 2310 and 2328
before and after expansion by the expansion device 2334.
Sleeve 2316 may be secured to tubular members 2310 and
2328 by a heat shrink fit.

[0281] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2310 and
2328, and the tubular sleeve 2316 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0282] Referring to FIG. 24, in an exemplary embodiment,
a first tubular member 2410 includes an internally threaded
connection 2412 at an end portion 2414. A first end of a
tubular sleeve 2416 includes an internal flange 2418 and a
tapered portion 2420. A second end of the sleeve 2416
includes an internal flange 2421 and a tapered portion 2422.
An externally threaded connection 2424 of an end portion
2426 of a second tubular member 2428 having an annular
recess 2430, is then positioned within the tubular sleeve
2416 and threadably coupled to the internally threaded
connection 2412 of the end portion 2414 of the first tubular
member 2410. The internal flange 2418 of the sleeve 2416
mates with and is received within the annular recess 2430.
The first tubular member 2410 includes a recess 2431. The
internal flange 2421 mates with and is received within the
annular recess 2431. Thus, the sleeve 2416 is coupled to and
surrounds the external surfaces of the first and second
tubular members 2410 and 2428.

[0283] The internally threaded connection 2412 of the end
portion 2414 of the first tubular member 2410 is a box
connection, and the externally threaded connection 2424 of
the end portion 2426 of the second tubular member 2428 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 2416 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members 2410 and 2428. In this manner,
during the threaded coupling of the first and second tubular
members 2410 and 2428, fluidic materials within the first
and second tubular members may be vented from the tubular
members.

[0284] As illustrated in FIG. 24, the first and second
tubular members 2410 and 2428, and the tubular sleeve 2416
may then be positioned within another structure 2432 such
as, for example, a wellbore, and radially expanded and
plastically deformed, for example, by displacing and/or
rotating an expansion device 2434 through and/or within the
interiors of the first and second tubular members. The
tapered portions 2420 and 2422, of the tubular sleeve 2416
facilitate the insertion and movement of the first and second
tubular members within and through the structure 2432, and
the displacement of the expansion device 2434 through the
interiors of the first and second tubular members, 2410 and
2428, may be from top to bottom or from bottom to top.

[0285] During the radial expansion and plastic deforma-
tion of the first and second tubular members, 2410 and 2428,
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the tubular sleeve 2416 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 2416 may be maintained in circumferen-
tial tension and the end portions, 2414 and 2426, of the first
and second tubular members, 2410 and 2428, may be
maintained in circumferential compression.

[0286] The sleeve 2416 increases the axial compression
and tension loading of the connection between tubular
members 2410 and 2428 before and after expansion by
expansion device 2424. Sleeve 2416 may be secured to
tubular members 2410 and 2428 by a heat shrink fit.

[0287] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2410 and
2428, and the tubular sleeve 2416 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0288] Referring to FIG. 25, in an exemplary embodiment,
a first tubular member 2510 includes an internally threaded
connection 2512 at an end portion 2514. A first end of a
tubular sleeve 2516 includes an internal flange 2518 and a
relief 2520. A second end of the sleeve 2516 includes an
internal flange 2521 and a relief 2522. An externally
threaded connection 2524 of an end portion 2526 of a second
tubular member 2528 having an annular recess 2530, is then
positioned within the tubular sleeve 2516 and threadably
coupled to the internally threaded connection 2512 of the
end portion 2514 of the first tubular member 2510. The
internal flange 2518 of the sleeve 2516 mates with and is
received within the annular recess 2530. The first tubular
member 2510 includes a recess 2531. The internal flange
2521 mates with and is received within the annular recess
2531. Thus, the sleeve 2516 is coupled to and surrounds the
external surfaces of the first and second tubular members
2510 and 2528.

[0289] The internally threaded connection 2512 of the end
portion 2514 of the first tubular member 2510 is a box
connection, and the externally threaded connection 2524 of
the end portion 2526 of the second tubular member 2528 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 2516 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members 2510 and 2528. In this manner,
during the threaded coupling of the first and second tubular
members 2510 and 2528, fluidic materials within the first
and second tubular members may be vented from the tubular
members.

[0290] As illustrated in FIG. 25, the first and second
tubular members 2510 and 2528, and the tubular sleeve 2516
may then be positioned within another structure 2532 such
as, for example, a wellbore, and radially expanded and
plastically deformed, for example, by displacing and/or
rotating an expansion device 2534 through and/or within the
interiors of the first and second tubular members. The reliefs
2520 and 2522 are each filled with a sacrificial material 2540
including a tapered surface 2542 and 2544, respectively. The
material 2540 may be a metal or a synthetic, and is provided
to facilitate the insertion and movement of the first and
second tubular members 2510 and 2528, through the struc-
ture 2532. The displacement of the expansion device 2534
through the interiors of the first and second tubular members
2510 and 2528, may, for example, be from top to bottom or
from bottom to top.
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[0291] During the radial expansion and plastic deforma-
tion of the first and second tubular members 2510 and 2528,
the tubular sleeve 2516 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 2516 may be maintained in circumferen-
tial tension and the end portions 2514 and 2526, of the first
and second tubular members, 2510 and 2528, may be
maintained in circumferential compression.

[0292] The addition of the sacrificial material 2540, pro-
vided on sleeve 2516, avoids stress risers on the sleeve 2516
and the tubular member 2510. The tapered surfaces 2542
and 2544 are intended to wear or even become damaged,
thus incurring such wear or damage which would otherwise
be borne by sleeve 2516. Sleeve 2516 may be secured to
tubular members 2510 and 2528 by a heat shrink fit.

[0293] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2510 and
2528, and the tubular sleeve 2516 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0294] Referring to FIG. 26, in an exemplary embodiment,
a first tubular member 2610 includes an internally threaded
connection 2612 at an end portion 2614. A first end of a
tubular sleeve 2616 includes an internal flange 2618 and a
tapered portion 2620. A second end of the sleeve 2616
includes an internal flange 2621 and a tapered portion 2622.
An externally threaded connection 2624 of an end portion
2626 of a second tubular member 2628 having an annular
recess 2630, is then positioned within the tubular sleeve
2616 and threadably coupled to the internally threaded
connection 2612 of the end portion 2614 of the first tubular
member 2610. The internal flange 2618 of the sleeve 2616
mates with and is received within the annular recess 2630.

[0295] The first tubular member 2610 includes a recess
2631. The internal flange 2621 mates with and is received
within the annular recess 2631. Thus, the sleeve 2616 is
coupled to and surrounds the external surfaces of the first
and second tubular members 2610 and 2628.

[0296] The internally threaded connection 2612 of the end
portion 2614 of the first tubular member 2610 is a box
connection, and the externally threaded connection 2624 of
the end portion 2626 of the second tubular member 2628 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 2616 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members 2610 and 2628. In this manner,
during the threaded coupling of the first and second tubular
members 2610 and 2628, fluidic materials within the first
and second tubular members may be vented from the tubular
members.

[0297] As illustrated in FIG. 26, the first and second
tubular members 2610 and 2628, and the tubular sleeve 2616
may then be positioned within another structure 2632 such
as, for example, a wellbore, and radially expanded and
plastically deformed, for example, by displacing and/or
rotating an expansion device 2634 through and/or within the
interiors of the first and second tubular members. The
tapered portions 2620 and 2622, of the tubular sleeve 2616
facilitates the insertion and movement of the first and second
tubular members within and through the structure 2632, and
the displacement of the expansion device 2634 through the
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interiors of the first and second tubular members 2610 and
2628, may, for example, be from top to bottom or from
bottom to top.

[0298] During the radial expansion and plastic deforma-
tion of the first and second tubular members 2610 and 2628,
the tubular sleeve 2616 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 2616 may be maintained in circumferen-
tial tension and the end portions 2614 and 2626, of the first
and second tubular members 2610 and 2628, may be main-
tained in circumferential compression.

[0299] Sleeve 2616 is covered by a thin walled cylinder of
sacrificial material 2640. Spaces 2623 and 2624, adjacent
tapered portions 2620 and 2622, respectively, are also filled
with an excess of the sacrificial material 2640. The material
may be a metal or a synthetic, and is provided to facilitate
the insertion and movement of the first and second tubular
members 2610 and 2628, through the structure 2632.

[0300] The addition of the sacrificial material 2640, pro-
vided on sleeve 2616, avoids stress risers on the sleeve 2616
and the tubular member 2610. The excess of the sacrificial
material 2640 adjacent tapered portions 2620 and 2622 are
intended to wear or even become damaged, thus incurring
such wear or damage which would otherwise be borne by
sleeve 2616. Sleeve 2616 may be secured to tubular mem-
bers 2610 and 2628 by a heat shrink fit.

[0301] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2610 and
2628, and the tubular sleeve 2616 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0302] Referring to FIG. 27, in an exemplary embodiment,
a first tubular member 2710 includes an internally threaded
connection 2712 at an end portion 2714. A first end of a
tubular sleeve 2716 includes an internal flange 2718 and a
tapered portion 2720. A second end of the sleeve 2716
includes an internal flange 2721 and a tapered portion 2722.
An externally threaded connection 2724 of an end portion
2726 of a second tubular member 2728 having an annular
recess 2730, is then positioned within the tubular sleeve
2716 and threadably coupled to the internally threaded
connection 2712 of the end portion 2714 of the first tubular
member 2710. The internal flange 2718 of the sleeve 2716
mates with and is received within the annular recess 2730.

[0303] The first tubular member 2710 includes a recess
2731. The internal flange 2721 mates with and is received
within the annular recess 2731. Thus, the sleeve 2716 is
coupled to and surrounds the external surfaces of the first
and second tubular members 2710 and 2728.

[0304] The internally threaded connection 2712 of the end
portion 2714 of the first tubular member 2710 is a box
connection, and the externally threaded connection 2724 of
the end portion 2726 of the second tubular member 2728 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 2716 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members 2710 and 2728. In this manner,
during the threaded coupling of the first and second tubular
members 2710 and 2728, fluidic materials within the first
and second tubular members may be vented from the tubular
members.
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[0305] As illustrated in FIG. 27, the first and second
tubular members 2710 and 2728, and the tubular sleeve 2716
may then be positioned within another structure 2732 such
as, for example, a wellbore, and radially expanded and
plastically deformed, for example, by displacing and/or
rotating an expansion device 2734 through and/or within the
interiors of the first and second tubular members. The
tapered portions 2720 and 2722, of the tubular sleeve 2716
facilitates the insertion and movement of the first and second
tubular members within and through the structure 2732, and
the displacement of the expansion device 2734 through the
interiors of the first and second tubular members 2710 and
2728, may be from top to bottom or from bottom to top.

[0306] During the radial expansion and plastic deforma-
tion of the first and second tubular members 2710 and 2728,
the tubular sleeve 2716 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 2716 may be maintained in circumferen-
tial tension and the end portions 2714 and 2726, of the first
and second tubular members 2710 and 2728, may be main-
tained in circumferential compression.

[0307] Sleeve 2716 has a variable thickness due to one or
more reduced thickness portions 2790 and/or increased
thickness portions 2792.

[0308] Varying the thickness of sleeve 2716 provides the
ability to control or induce stresses at selected positions
along the length of sleeve 2716 and the end portions 2724
and 2726. Sleeve 2716 may be secured to tubular members
2710 and 2728 by a heat shrink fit.

[0309] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2710 and
2728, and the tubular sleeve 2716 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0310] Referring to FIG. 28, in an alternative embodiment,
instead of varying the thickness of sleeve 2716, the same
result described above with reference to FIG. 27, may be
achieved by adding a member 2740 which may be coiled
onto the grooves 2739 formed in sleeve 2716, thus varying
the thickness along the length of sleeve 2716.

[0311] Referring to FIG. 29, in an exemplary embodiment,
a first tubular member 2910. includes an internally threaded
connection 2912 and an internal annular recess 2914 at an
end portion 2916. A first end of a tubular sleeve 2918
includes an internal flange 2920, and a second end of the
sleeve 2916 mates with and receives the end portion 2916 of
the first tubular member 2910. An externally threaded con-
nection 2922 of an end portion 2924 of a second tubular
member 2926 having an annular recess 2928, is then posi-
tioned within the tubular sleeve 2918 and threadably
coupled to the internally threaded connection 2912 of the
end portion 2916 of the first tubular member 2910. The
internal flange 2920 of the sleeve 2918 mates with and is
received within the annular recess 2928. A sealing element
2930 is received within the internal annular recess 2914 of
the end portion 2916 of the first tubular member 2910.

[0312] The internally threaded connection 2912 of the end
portion 2916 of the first tubular member 2910 is a box
connection, and the externally threaded connection 2922 of
the end portion 2924 of the second tubular member 2926 is
a pin connection. In an exemplary embodiment, the internal
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diameter of the tubular sleeve 2918 is at least approximately
0.020" greater than the outside diameters of the first tubular
member 2910. In this manner, during the threaded coupling
of the first and second tubular members 2910 and 2926,
fluidic materials within the first and second tubular members
may be vented from the tubular members.

[0313] The first and second tubular members 2910 and
2926, and the tubular sleeve 2918 may be positioned within
another structure such as, for example, a wellbore, and
radially expanded and plastically deformed, for example, by
displacing and/or rotating an expansion device through
and/or within the interiors of the first and second tubular
members.

[0314] During the radial expansion and plastic deforma-
tion of the first and second tubular members 2910 and 2926,
the tubular sleeve 2918 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 2918 may be maintained in circumferen-
tial tension and the end portions 2916 and 2924, of the first
and second tubular members 2910 and 2926, respectively,
may be maintained in circumferential compression.

[0315] In an exemplary embodiment, before, during, and
after the radial expansion and plastic deformation of the first
and second tubular members 2910 and 2926, and the tubular
sleeve 2918, the sealing element 2930 seals the interface
between the first and second tubular members. In an exem-
plary embodiment, during and after the radial expansion and
plastic deformation of the first and second tubular members
2910 and 2926, and the tubular sleeve 2918, a metal to metal
seal is formed between at least one of: the first and second
tubular members 2910 and 2926, the first tubular member
and the tubular sleeve 2918, and/or the second tubular
member and the tubular sleeve. In an exemplary embodi-
ment, the metal to metal seal is both fluid tight and gas tight.

[0316] In several exemplary embodiments, one or more
portions of the first and second tubular members, 2910 and
2926, the tubular sleeve 2918, and the sealing element 2930
have one or more of the material properties of one or more
of the tubular members 12, 14, 24, 26, 102, 104, 106, 108,
202 and/or 204.

[0317] Referring to FIG. 30a, in an exemplary embodi-
ment, a first tubular member 3010 includes internally
threaded connections 3012a and 30125, spaced apart by a
cylindrical internal surface 3014, at an end portion 3016.
Externally threaded connections 3018a¢ and 30185, spaced
apart by a cylindrical external surface 3020, of an end
portion 3022 of a second tubular member 3024 are thread-
ably coupled to the internally threaded connections, 30124
and 30124, respectively, of the end portion 3016 of the first
tubular member 3010. A sealing element 3026 is received
within an annulus defined between the internal cylindrical
surface 3014 of the first tubular member 3010 and the
external cylindrical surface 3020 of the second tubular
member 3024.

[0318] The internally threaded connections, 3012a and
30125, of the end portion 3016 of the first tubular member
3010 are box connections, and the externally threaded
connections, 3018a and 30185, of the end portion 3022 of
the second tubular member 3024 are pin connections. In an
exemplary embodiment, the sealing element 3026 is an
elastomeric and/or metallic sealing element.
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[0319] The first and second tubular members 3010 and
3024 may be positioned within another structure such as, for
example, a wellbore, and radially expanded and plastically
deformed, for example, by displacing and/or rotating an
expansion device through and/or within the interiors of the
first and second tubular members.

[0320] In an exemplary embodiment, before, during, and
after the radial expansion and plastic deformation of the first
and second tubular members 3010 and 3024, the sealing
element 3026 seals the interface between the first and second
tubular members. In an exemplary embodiment, before,
during and/or after the radial expansion and plastic defor-
mation of the first and second tubular members 3010 and
3024, a metal to metal seal is formed between at least one
of: the first and second tubular members 3010 and 3024, the
first tubular member and the sealing element 3026, and/or
the second tubular member and the sealing element. In an
exemplary embodiment, the metal to metal seal is both fluid
tight and gas tight.

[0321] In an alternative embodiment, the sealing element
3026 is omitted, and during and/or after the radial expansion
and plastic deformation of the first and second tubular
members 3010 and 3024, a metal to metal seal is formed
between the first and second tubular members.

[0322] In several exemplary embodiments, one or more
portions of the first and second tubular members, 3010 and
3024, the sealing element 3026 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0323] Referring to FIG. 305, in an exemplary embodi-
ment, a first tubular member 3030 includes internally
threaded connections 3032a and 30324, spaced apart by an
undulating approximately cylindrical internal surface 3034,
at an end portion 3036. Externally threaded connections
3038a and 30385, spaced apart by a cylindrical external
surface 3040, of an end portion 3042 of a second tubular
member 3044 are threadably coupled to the internally
threaded connections, 3032a and 30325, respectively, of the
end portion 3036 of the first tubular member 3030. A sealing
element 3046 is received within an annulus defined between
the undulating approximately cylindrical internal surface
3034 of the first tubular member 3030 and the external
cylindrical surface 3040 of the second tubular member 3044.

[0324] The internally threaded connections, 3032a and
30325, of the end portion 3036 of the first tubular member
3030 are box connections, and the externally threaded
connections, 3038a and 30385, of the end portion 3042 of
the second tubular member 3044 are pin connections. In an
exemplary embodiment, the sealing element 3046 is an
elastomeric and/or metallic sealing element.

[0325] The first and second tubular members 3030 and
3044 may be positioned within another structure such as, for
example, a wellbore, and radially expanded and plastically
deformed, for example, by displacing and/or rotating an
expansion device through and/or within the interiors of the
first and second tubular members.

[0326] In an exemplary embodiment, before, during, and
after the radial expansion and plastic deformation of the first
and second tubular members 3030 and 3044, the sealing
element 3046 seals the interface between the first and second
tubular members. In an exemplary embodiment, before,

Jul. 19, 2007

during and/or after the radial expansion and plastic defor-
mation of the first and second tubular members 3030 and
3044, a metal to metal seal is formed between at least one
of: the first and second tubular members 3030 and 3044, the
first tubular member and the sealing element 3046, and/or
the second tubular member and the sealing element. In an
exemplary embodiment, the metal to metal seal is both fluid

tight and gas tight.

[0327] In an alternative embodiment, the sealing element
3046 is omitted, and during and/or after the radial expansion
and plastic deformation of the first and second tubular
members 3030 and 3044, a metal to metal seal is formed
between the first and second tubular members.

[0328] In several exemplary embodiments, one or more
portions of the first and second tubular members, 3030 and
3044, the sealing element 3046 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0329] Referring to FIG. 30c, in an exemplary embodi-
ment, a first tubular member 3050 includes internally
threaded connections 3052a and 30525, spaced apart by a
cylindrical internal surface 3054 including one or more
square grooves 3056, at an end portion 3058. Externally
threaded connections 3060a and 30605, spaced apart by a
cylindrical external surface 3062 including one or more
square grooves 3064, of an end portion 3066 of a second
tubular member 3068 are threadably coupled to the inter-
nally threaded connections, 3052a and 30525, respectively,
of the end portion 3058 of the first tubular member 3050. A
sealing element 3070 is received within an annulus defined
between the cylindrical internal surface 3054 of the first
tubular member 3050 and the external cylindrical surface
3062 of the second tubular member 3068.

[0330] The internally threaded connections, 3052a and
30525, of the end portion 3058 of the first tubular member
3050 are box connections, and the externally threaded
connections, 3060a and 30605, of the end portion 3066 of
the second tubular member 3068 are pin connections. In an
exemplary embodiment, the sealing element 3070 is an
elastomeric and/or metallic sealing element.

[0331] The first and second tubular members 3050 and
3068 may be positioned within another structure such as, for
example, a wellbore, and radially expanded and plastically
deformed, for example, by displacing and/or rotating an
expansion device through and/or within the interiors of the
first and second tubular members.

[0332] In an exemplary embodiment, before, during, and
after the radial expansion and plastic deformation of the first
and second tubular members 3050 and 3068, the sealing
element 3070 seals the interface between the first and second
tubular members. In an exemplary embodiment, before,
during and/or after the radial expansion and plastic defor-
mation of the first and second tubular members, 3050 and
3068, a metal to metal seal is formed between at least one
of: the first and second tubular members, the first tubular
member and the sealing element 3070, and/or the second
tubular member and the sealing element. In an exemplary
embodiment, the metal to metal seal is both fluid tight and
gas tight.

[0333] In an alternative embodiment, the sealing element
3070 is omitted, and during and/or after the radial expansion
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and plastic deformation of the first and second tubular
members 950 and 968, a metal to metal seal is formed
between the first and second tubular members.

[0334] In several exemplary embodiments, one or more
portions of the first and second tubular members, 3050 and
3068, the sealing element 3070 have one or more of the
material properties of one or more of the tubular members
12, 14, 24, 26, 102, 104, 106, 108, 202 and/or 204.

[0335] Referring to FIG. 31, in an exemplary embodiment,
a first tubular member 3110 includes internally threaded
connections, 3112¢ and 31124, spaced apart by a non-
threaded internal surface 3114, at an end portion 3116.
Externally threaded connections, 3118a and 31185, spaced
apart by a non-threaded external surface 3120, of an end
portion 3122 of a second tubular member 3124 are thread-
ably coupled to the internally threaded connections, 3112«
and 31125, respectively, of the end portion 3122 of the first
tubular member 3124.

[0336] First, second, and/or third tubular sleeves, 3126,
3128, and 3130, are coupled the external surface of the first
tubular member 3110 in opposing relation to the threaded
connection formed by the internal and external threads,
3112a and 3118a, the interface between the non-threaded
surfaces, 3114 and 3120, and the threaded connection
formed by the internal and external threads, 31125 and
31184, respectively.

[0337] The internally threaded connections, 3112a and
31124, of the end portion 3116 of the first tubular member
3110 are box connections, and the externally threaded con-
nections, 31184 and 31185, of the end portion 3122 of the
second tubular member 3124 are pin connections.

[0338] The first and second tubular members 3110 and
3124, and the tubular sleeves 3126, 3128, and/or 3130, may
then be positioned within another structure 3132 such as, for
example, a wellbore, and radially expanded and plastically
deformed, for example, by displacing and/or rotating an
expansion device 3134 through and/or within the interiors of
the first and second tubular members.

[0339] During the radial expansion and plastic deforma-
tion of the first and second tubular members 3110 and 3124,
the tubular sleeves 3126, 3128 and/or 3130 are also radially
expanded and plastically deformed. In an exemplary
embodiment, as a result, the tubular sleeves 3126, 3128,
and/or 3130 are maintained in circumferential tension and
the end portions 3116 and 3122, of the first and second
tubular members 3110 and 3124, may be maintained in
circumferential compression.

[0340] The sleeves 3126, 3128, and/or 3130 may, for
example, be secured to the first tubular member 3110 by a
heat shrink fit.

[0341] In several exemplary embodiments, one or more
portions of the first and second tubular members, 3110 and
3124, and the sleeves, 3126, 3128, and 3130, have one or
more of the material properties of one or more of the tubular
members 12, 14, 24, 26,102, 104, 106, 108, 202 and/or 204.

[0342] Referring to FIG. 32a, in an exemplary embodi-
ment, a first tubular member 3210 includes an internally
threaded connection 3212 at an end portion 3214. An
externally threaded connection 3216 of an end portion 3218
of'a second tubular member 3220 are threadably coupled to
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the internally threaded connection 3212 of the end portion
3214 of the first tubular member 3210.

[0343] The internally threaded connection 3212 of the end
portion 3214 of the first tubular member 3210 is a box
connection, and the externally threaded connection 3216 of
the end portion 3218 of the second tubular member 3220 is
a pin connection.

[0344] A tubular sleeve 3222 including internal flanges
3224 and 3226 is positioned proximate and surrounding the
end portion 3214 of the first tubular member 3210. As
illustrated in FIG. 325, the tubular sleeve 3222 is then forced
into engagement with the external surface of the end portion
3214 of the first tubular member 3210 in a conventional
manner. As a result, the end portions, 3214 and 3218, of the
first and second tubular members, 3210 and 3220, are upset
in an undulating fashion.

[0345] The first and second tubular members 3210 and
3220, and the tubular sleeve 3222, may then be positioned
within another structure such as, for example, a wellbore,
and radially expanded and plastically deformed, for
example, by displacing and/or rotating an expansion device
through and/or within the interiors of the first and second
tubular members.

[0346] During the radial expansion and plastic deforma-
tion of the first and second tubular members 3210 and 3220,
the tubular sleeve 3222 is also radially expanded and plas-
tically deformed. In an exemplary embodiment, as a result,
the tubular sleeve 3222 is maintained in circumferential
tension and the end portions 3214 and 3218, of the first and
second tubular members 3210 and 3220, may be maintained
in circumferential compression.

[0347] In several exemplary embodiments, one or more
portions of the first and second tubular members, 3210 and
3220, and the sleeve 3222 have one or more of the material
properties of one or more of the tubular members 12, 14, 24,
26, 102, 104, 106, 108, 202 and/or 204.

[0348] Referring to FIG. 33, in an exemplary embodiment,
a first tubular member 3310 includes an internally threaded
connection 3312 and an annular projection 3314 at an end
portion 3316.

[0349] A first end of a tubular sleeve 3318 that includes an
internal flange 3320 having a tapered portion 3322 and an
annular recess 3324 for receiving the annular projection
3314 of the first tubular member 3310, and a second end that
includes a tapered portion 3326, is then mounted upon and
receives the end portion 3316 of the first tubular member
3310.

[0350] Inanexemplary embodiment, the end portion 3316
of the first tubular member 3310 abuts one side of the
internal flange 3320 of the tubular sleeve 3318 and the
annular projection 3314 of the end portion of the first tubular
member mates with and is received within the annular recess
3324 of the internal flange of the tubular sleeve, and the
internal diameter of the internal flange 3320 of the tubular
sleeve 3318 is substantially equal to or greater than the
maximum internal diameter of the internally threaded con-
nection 3312 of the end portion 3316 of the first tubular
member 3310. An externally threaded connection 3326 of an
end portion 3328 of a second tubular member 3330 having
an annular recess 3332 is then positioned within the tubular
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sleeve 3318 and threadably coupled to the internally
threaded connection 3312 of the end portion 3316 of the first
tubular member 3310. In an exemplary embodiment, the
internal flange 3332 of the tubular sleeve 3318 mates with
and is received within the annular recess 3332 of the end
portion 3328 of the second tubular member 3330. Thus, the
tubular sleeve 3318 is coupled to and surrounds the external
surfaces of the first and second tubular members, 3310 and
3328.

[0351] The internally threaded connection 3312 of the end
portion 3316 of the first tubular member 3310 is a box
connection, and the externally threaded connection 3326 of
the end portion 3328 of the second tubular member 3330 is
a pin connection. In an exemplary embodiment, the internal
diameter of the tubular sleeve 3318 is at least approximately
0.020" greater than the outside diameters of the first and
second tubular members, 3310 and 3330. In this manner,
during the threaded coupling of the first and second tubular
members, 3310 and 3330, fluidic materials within the first
and second tubular members may be vented from the tubular
members.

[0352] As illustrated in FIG. 33, the first and second
tubular members, 3310 and 3330, and the tubular sleeve
3318 may be positioned within another structure 3334 such
as, for example, a cased or uncased wellbore, and radially
expanded and plastically deformed, for example, by displac-
ing and/or rotating a conventional expansion device 3336
within and/or through the interiors of the first and second
tubular members. The tapered portions, 3322 and 3326, of
the tubular sleeve 3318 facilitate the insertion and move-
ment of the first and second tubular members within and
through the structure 3334, and the movement of the expan-
sion device 3336 through the interiors of the first and second
tubular members, 3310 and 3330, may, for example, be from
top to bottom or from bottom to top.

[0353] During the radial expansion and plastic deforma-
tion of the first and second tubular members, 3310 and 3330,
the tubular sleeve 3318 is also radially expanded and plas-
tically deformed. As a result, the tubular sleeve 3318 may be
maintained in circumferential tension and the end portions,
3316 and 3328, of the first and second tubular members,
3310 and 3330, may be maintained in circumferential com-
pression.

[0354] Sleeve 3316 increases the axial compression load-
ing of the connection between tubular members 3310 and
3330 before and after expansion by the expansion device
3336. Sleeve 3316 may be secured to tubular members 3310
and 3330, for example, by a heat shrink fit.

[0355] In several alternative embodiments, the first and
second tubular members, 3310 and 3330, are radially
expanded and plastically deformed using other conventional
methods for radially expanding and plastically deforming
tubular members such as, for example, internal pressuriza-
tion, hydroforming, and/or roller expansion devices and/or
any one or combination of the conventional commercially
available expansion products and services available from
Baker Hughes, Weatherford International, and/or Enventure
Global Technology L.L.C.

[0356] The use of the tubular sleeve 3318 during (a) the
coupling of the first tubular member 3310 to the second
tubular member 3330, (b) the placement of the first and
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second tubular members in the structure 3334, and (c) the
radial expansion and plastic deformation of the first and
second tubular members provides a number of significant
benefits. For example, the tubular sleeve 3318 protects the
exterior surfaces of the end portions, 3316 and 3328, of the
first and second tubular members, 3310 and 3330, during
handling and insertion of the tubular members within the
structure 3334. In this manner, damage to the exterior
surfaces of the end portions, 3316 and 3328, of the first and
second tubular members, 3310 and 3330, is avoided that
could otherwise result in stress concentrations that could
cause a catastrophic failure during subsequent radial expan-
sion operations. Furthermore, the tubular sleeve 3318 pro-
vides an alignment guide that facilitates the insertion and
threaded coupling of the second tubular member 3330 to the
first tubular member 3310. In this manner, misalignment that
could result in damage to the threaded connections, 3312
and 3326, of the first and second tubular members, 3310 and
3330, may be avoided. In addition, during the relative
rotation of the second tubular member with respect to the
first tubular member, required during the threaded coupling
of the first and second tubular members, the tubular sleeve
3318 provides an indication of to what degree the first and
second tubular members are threadably coupled. For
example, if the tubular sleeve 3318 can be easily rotated, that
would indicate that the first and second tubular members,
3310 and 3330, are not fully threadably coupled and in
intimate contact with the internal flange 3320 of the tubular
sleeve. Furthermore, the tubular sleeve 3318 may prevent
crack propagation during the radial expansion and plastic
deformation of the first and second tubular members, 3310
and 3330. In this manner, failure modes such as, for
example, longitudinal cracks in the end portions, 3316 and
3328, of the first and second tubular members may be
limited in severity or eliminated all together. In addition,
after completing the radial expansion and plastic deforma-
tion of the first and second tubular members, 3310 and 3330,
the tubular sleeve 3318 may provide a fluid tight metal-to-
metal seal between interior surface of the tubular sleeve
3318 and the exterior surfaces of the end portions, 3316 and
3328, of the first and second tubular members. In this
manner, fluidic materials are prevented from passing
through the threaded connections, 3312 and 3326, of the first
and second tubular members, 3310 and 3330, into the
annulus between the first and second tubular members and
the structure 3334. Furthermore, because, following the
radial expansion and plastic deformation of the first and
second tubular members, 3310 and 3330, the tubular sleeve
3318 may be maintained in circumferential tension and the
end portions, 3316 and 3328, of the first and second tubular
members, 3310 and 3330, may be maintained in circumfer-
ential compression, axial loads and/or torque loads may be
transmitted through the tubular sleeve.

[0357] In several exemplary embodiments, one or more
portions of the first and second tubular members, 3310 and
3330, and the sleeve 3318 have one or more of the material
properties of one or more of the tubular members 12, 14, 24,
26, 102, 104, 106, 108, 202 and/or 204.

[0358] Referring to FIGS. 34a, 345, and 34c, in an exem-
plary embodiment, a first tubular member 3410 includes an
internally threaded connection 1312 and one or more exter-
nal grooves 3414 at an end portion 3416.
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[0359] A first end of a tubular sleeve 3418 that includes an
internal flange 3420 and a tapered portion 3422, a second
end that includes a tapered portion 3424, and an intermediate
portion that includes one or more longitudinally aligned
openings 3426, is then mounted upon and receives the end
portion 3416 of the first tubular member 3410.

[0360] Inanexemplary embodiment, the end portion 3416
of the first tubular member 3410 abuts one side of the
internal flange 3420 of the tubular sleeve 3418, and the
internal diameter of the internal flange 3420 of the tubular
sleeve 3416 is substantially equal to or greater than the
maximum internal diameter of the internally threaded con-
nection 3412 of the end portion 3416 of the first tubular
member 3410. An externally threaded connection 3428 of an
end portion 3430 of a second tubular member 3432 that
includes one or more internal grooves 3434 is then posi-
tioned within the tubular sleeve 3418 and threadably
coupled to the internally threaded connection 3412 of the
end portion 3416 of the first tubular member 3410. In an
exemplary embodiment, the internal flange 3420 of the
tubular sleeve 3418 mates with and is received within an
annular recess 3436 defined in the end portion 3430 of the
second tubular member 3432. Thus, the tubular sleeve 3418
is coupled to and surrounds the external surfaces of the first
and second tubular members, 3410 and 3432.

[0361] The first and second tubular members, 3410 and
3432, and the tubular sleeve 3418 may be positioned within
another structure such as, for example, a cased or uncased
wellbore, and radially expanded and plastically deformed,
for example, by displacing and/or rotating a conventional
expansion device within and/or through the interiors of the
first and second tubular members. The tapered portions,
3422 and 3424, of the tubular sleeve 3418 facilitate the
insertion and movement of the first and second tubular
members within and through the structure, and the move-
ment of the expansion device through the interiors of the first
and second tubular members, 3410 and 3432, may be from
top to bottom or from bottom to top.

[0362] During the radial expansion and plastic deforma-
tion of the first and second tubular members, 3410 and 3432,
the tubular sleeve 3418 is also radially expanded and plas-
tically deformed. As a result, the tubular sleeve 3418 may be
maintained in circumferential tension and the end portions,
3416 and 3430, of the first and second tubular members,
3410 and 3432, may be maintained in circumferential com-
pression.

[0363] Sleeve 3416 increases the axial compression load-
ing of the connection between tubular members 3410 and
3432 before and after expansion by the expansion device.
The sleeve 3418 may be secured to tubular members 3410
and 3432, for example, by a heat shrink fit.

[0364] During the radial expansion and plastic deforma-
tion of the first and second tubular members, 3410 and 3432,
the grooves 3414 and/or 3434 and/or the openings 3426
provide stress concentrations that in turn apply added stress
forces to the mating threads of the threaded connections,
3412 and 3428. As a result, during and after the radial
expansion and plastic deformation of the first and second
tubular members, 3410 and 3432, the mating threads of the
threaded connections, 3412 and 3428, are maintained in
metal to metal contact thereby providing a fluid and gas tight
connection. In an exemplary embodiment, the orientations
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of the grooves 3414 and/or 3434 and the openings 3426 are
orthogonal to one another. In an exemplary embodiment, the
grooves 3414 and/or 3434 are helical grooves.

[0365] In several alternative embodiments, the first and
second tubular members, 3410 and 3432, are radially
expanded and plastically deformed using other conventional
methods for radially expanding and plastically deforming
tubular members such as, for example, internal pressuriza-
tion, hydroforming, and/or roller expansion devices and/or
any one or combination of the conventional commercially
available expansion products and services available from
Baker Hughes, Weatherford International, and/or Enventure
Global Technology L.L.C.

[0366] The use of the tubular sleeve 3418 during (a) the
coupling of the first tubular member 3410 to the second
tubular member 3432, (b) the placement of the first and
second tubular members in the structure, and (c) the radial
expansion and plastic deformation of the first and second
tubular members provides a number of significant benefits.
For example, the tubular sleeve 3418 protects the exterior
surfaces of the end portions, 3416 and 3430, of the first and
second tubular members, 3410 and 3432, during handling
and insertion of the tubular members within the structure. In
this manner, damage to the exterior surfaces of the end
portions, 3416 and 3430, of the first and second tubular
members, 3410 and 3432, is avoided that could otherwise
result in stress concentrations that could cause a catastrophic
failure during subsequent radial expansion operations. Fur-
thermore, the tubular sleeve 3418 provides an alignment
guide that facilitates the insertion and threaded coupling of
the second tubular member 3432 to the first tubular member
3410. In this manner, misalignment that could result in
damage to the threaded connections, 3412 and 3428, of the
first and second tubular members, 3410 and 3432, may be
avoided. In addition, during the relative rotation of the
second tubular member with respect to the first tubular
member, required during the threaded coupling of the first
and second tubular members, the tubular sleeve 3416 pro-
vides an indication of to what degree the first and second
tubular members are threadably coupled. For example, if the
tubular sleeve 3418 can be easily rotated, that would indicate
that the first and second tubular members, 3410 and 3432,
are not fully threadably coupled and in intimate contact with
the internal flange 3420 of the tubular sleeve. Furthermore,
the tubular sleeve 3418 may prevent crack propagation
during the radial expansion and plastic deformation of the
first and second tubular members, 3410 and 3432. In this
manner, failure modes such as, for example, longitudinal
cracks in the end portions, 3416 and 3430, of the first and
second tubular members may be limited in severity or
eliminated all together. In addition, after completing the
radial expansion and plastic deformation of the first and
second tubular members, 3410 and 3432, the tubular sleeve
3418 may provide a fluid and gas tight metal-to-metal seal
between interior surface of the tubular sleeve 3418 and the
exterior surfaces of the end portions, 3416 and 3430, of the
first and second tubular members. In this manner, fluidic
materials are prevented from passing through the threaded
connections, 3412 and 3430, of the first and second tubular
members, 3410 and 3432, into the annulus between the first
and second tubular members and the structure. Furthermore,
because, following the radial expansion and plastic defor-
mation of the first and second tubular members, 3410 and
3432, the tubular sleeve 3418 may be maintained in circum-
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ferential tension and the end portions, 3416 and 3430, of the
first and second tubular members, 3410 and 3432, may be
maintained in circumferential compression, axial loads and/
or torque loads may be transmitted through the tubular
sleeve.

[0367] In several exemplary embodiments, the first and
second tubular members described above with reference to
FIGS. 1 to 34c¢ are radially expanded and plastically
deformed using the expansion device in a conventional
manner and/or using one or more of the methods and
apparatus disclosed in one or more of the following: The
present application is related to the following: (1) U.S.
patent application Ser. No. 09/454,139, attorney docket no.
25791.03.02, filed on Dec. 3, 1999, (2) U.S. patent appli-
cation Ser. No. 09/510,913, attorney docket no. 25791.7.02,
filed on Feb. 23, 2000, (3) U.S. patent application Ser. No.
09/502,350, attorney docket no. 25791.8.02, filed on Feb.
10, 2000, (4) U.S. patent application Ser. No. 09/440,338,
attorney docket no. 25791.9.02, filed on Nov. 15, 1999, (5)
U.S. patent application Ser. No. 09/523,460, attorney docket
no. 25791.11.02, filed on Mar. 10, 2000, (6) U.S. patent
application Ser. No. 09/512,895, attorney docket no.
25791.12.02, filed on Feb. 24, 2000, (7) U.S. patent appli-
cation Ser. No. 09/511,941, attorney docket no.
25791.16.02, filed on Feb. 24, 2000, (8) U.S. patent appli-
cation Ser. No. 09/588,946, attorney docket no.
25791.17.02, filed on Jun. 7, 2000, (9) U.S. patent applica-
tion Ser. No. 09/559,122, attorney docket no. 25791.23.02,
filed on Apr. 26, 2000, (10) PCT patent application Ser. No.
PCT/US00/18635, attorney docket no. 25791.25.02, filed on
Jul. 9, 2000, (11) U.S. provisional patent application Ser.
No. 60/162,671, attorney docket no. 25791.27, filed on Nov.
1, 1999, (12) U.S. provisional patent application Ser. No.
60/154,047, attorney docket no. 25791.29, filed on Sep. 16,
1999, (13) U.S. provisional patent application Ser. No.
60/159,082, attorney docket no. 25791.34, filed on Oct. 12,
1999, (14) U.S. provisional patent application Ser. No.
60/159,039, attorney docket no. 25791.36, filed on Oct. 12,
1999, (15) U.S. provisional patent application Ser. No.
60/159,033, attorney docket no. 25791.37, filed on Oct. 12,
1999, (16) U.S. provisional patent application Ser. No.
60/212,359, attorney docket no. 25791.38, filed on Jun. 19,
2000, (17) U.S. provisional patent application Ser. No.
60/165,228, attorney docket no. 25791.39, filed on Nov. 12,
1999, (18) U.S. provisional patent application Ser. No.
60/221,443, attorney docket no. 25791.45, filed on Jul. 28,
2000, (19) U.S. provisional patent application Ser. No.
60/221,645, attorney docket no. 25791.46, filed on Jul. 28,
2000, (20) U.S. provisional patent application Ser. No.
60/233,638, attorney docket no. 25791.47, filed on Sep.
18/2000, (21) U.S. provisional patent application Ser. No.
60/237,334, attorney docket no. 25791.48, filed on Oct. 2,
2000, (22) U.S. provisional patent application Ser. No.
60/270,007, attorney docket no. 25791.50, filed on Feb.
20/2001, (23) U.S. provisional patent application Ser. No.
60/262,434, attorney docket no. 25791.51, filed on Jan. 17,
2001, (24) U.S. provisional patent application Ser. No.
60/259,486, attorney docket no. 25791.52, filed on Jan. 3,
2001, (25) U.S. provisional patent application Ser. No.
60/303,740, attorney docket no. 25791.61, filed on Jul. 6,
2001, (26) U.S. provisional patent application Ser. No.
60/313,453, attorney docket no. 25791.59, filed on Aug. 20,
2001, (27) U.S. provisional patent application Ser. No.
60/317,985, attorney docket no. 25791.67, filed on Sep. 6,
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2001, (28) U.S. provisional patent application Ser. No.
60/3318,386, attorney docket no. 25791.67.02, filed on Sep.
10, 2001, (29) U.S. utility patent application Ser. No.
09/969,922, attorney docket no. 25791.69, filed on Oct. 3,
2001, (30) U.S. utility patent application Ser. No. 10/016,
467, attorney docket no. 25791.70, filed on Dec. 10, 2001,
(31) U.S. provisional patent application Ser. No. 60/343,
674, attorney docket no. 25791.68, filed on Dec. 27, 2001;
and (32) U.S. provisional patent application Ser. No. 60/346,
309, attorney docket no. 25791.92, filed on Jan. 07, 2002,
the disclosures of which are incorporated herein by refer-
ence.

[0368] Referring to FIG. 35a an exemplary embodiment
of an expandable tubular member 3500 includes a first
tubular region 3502 and a second tubular portion 3504. In an
exemplary embodiment, the material properties of the first
and second tubular regions, 3502 and 3504, are different. In
an exemplary embodiment, the yield points of the first and
second tubular regions, 3502 and 3504, are different. In an
exemplary embodiment, the yield point of the first tubular
region 3502 is less than the yield point of the second tubular
region 3504. In several exemplary embodiments, one or
more of the expandable tubular members, 12, 14, 24, 26,
102, 104, 106, 108, 202 and/or 204 incorporate the tubular
member 3500.

[0369] Referring to FIG. 355, in an exemplary embodi-
ment, the yield point within the first and second tubular
regions, 3502a and 35025, of the expandable tubular mem-
ber 3502 vary as a function of the radial position within the
expandable tubular member. In an exemplary embodiment,
the yield point increases as a function of the radial position
within the expandable tubular member 3502. In an exem-
plary embodiment, the relationship between the yield point
and the radial position within the expandable tubular mem-
ber 3502 is a linear relationship. In an exemplary embodi-
ment, the relationship between the yield point and the radial
position within the expandable tubular member 3502 is a
non-linear relationship. In an exemplary embodiment, the
yield point increases at different rates within the first and
second tubular regions, 3502a and 35025, as a function of
the radial position within the expandable tubular member
3502. In an exemplary embodiment, the functional relation-
ship, and value, of the yield points within the first and
second tubular regions, 3502a and 35025, of the expandable
tubular member 3502 are modified by the radial expansion
and plastic deformation of the expandable tubular member.

[0370] Inseveral exemplary embodiments, one or more of
the expandable tubular members, 12, 14, 24, 26, 102, 104,
106, 108, 202, 204 and/or 3502, prior to a radial expansion
and plastic deformation, include a microstructure that is a
combination of a hard phase, such as martensite, a soft
phase, such as ferrite, and a transitionary phase, such as
retained austentite. In this manner, the hard phase provides
high strength, the soft phase provides ductility, and the
transitionary phase transitions to a hard phase, such as
martensite, during a radial expansion and plastic deforma-
tion. Furthermore, in this manner, the yield point of the
tubular member increases as a result of the radial expansion
and plastic deformation. Further, in this manner, the tubular
member is ductile, prior to the radial expansion and plastic
deformation, thereby facilitating the radial expansion and
plastic deformation. In an exemplary embodiment, the com-
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position of a dual-phase expandable tubular member
includes (weight percentages): about 0.1% C, 1.2% Mn, and
0.3% Si.

[0371] In an exemplary experimental embodiment, as
illustrated in FIGS. 36a-36¢, one or more of the expandable
tubular members, 12, 14, 24, 26, 102, 104, 106, 108, 202,
204 and/or 3502 are processed in accordance with a method
3600, in which, in step 3602, an expandable tubular member
3602q is provided that is a steel alloy having following
material composition (by weight percentage): 0.065% C,
1.44% Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01%
Ni, 0.02% Cr, 0.05% V, 0.01% Mo, 0.01% Nb, and 0.01%
Ti. In an exemplary experimental embodiment, the expand-
able tubular member 3602a provided in step 3602 has a yield
strength of 45 ksi, and a tensile strength of 69 ksi.

[0372] In an exemplary experimental embodiment, as
illustrated in FIG. 364, in step 3602, the expandable tubular
member 3602a includes a microstructure that includes mar-
tensite, pearlite, and V, Ni, and/or Ti carbides.

[0373] Inanexemplary embodiment, the expandable tubu-
lar member 3602a is then heated at a temperature of 790° C.
for about 10 minutes in step 3604.

[0374] Inanexemplary embodiment, the expandable tubu-
lar member 3602 is then quenched in water in step 3606.

[0375] In an exemplary experimental embodiment, as
illustrated in FIG. 36¢, following the completion of step
3606, the expandable tubular member 3602¢ includes a
microstructure that includes new ferrite, grain pearlite, mar-
tensite, and ferrite. In an exemplary experimental embodi-
ment, following the completion of step 3606, the expandable
tubular member 3602q has a yield strength of 67 ksi, and a
tensile strength of 95 ksi.

[0376] Inanexemplary embodiment, the expandable tubu-
lar member 3602q is then radially expanded and plastically
deformed using one or more of the methods and apparatus
described above. In an exemplary embodiment, following
the radial expansion and plastic deformation of the expand-
able tubular member 3602a, the yield strength of the
expandable tubular member is about 95 ksi.

[0377] In an exemplary experimental embodiment, as
illustrated in FIGS. 37a-37¢, one or more of the expandable
tubular members, 12, 14, 24, 26, 102, 104, 106, 108, 202,
204 and/or 3502 are processed in accordance with a method
3700, in which, in step 3702, an expandable tubular member
3702q is provided that is a steel alloy having following
material composition (by weight percentage): 0.18% C,
1.28% Mn, 0.017% P, 0.004% S, 0.29% Si, 0.01% Cu,
0.01% Ni, 0.03% Cr, 0.04% V, 0.01% Mo, 0.03% Nb, and
0.01% Ti. In an exemplary experimental embodiment, the
expandable tubular member 3702a provided in step 3702
has a yield strength of 60 ksi, and a tensile strength of 80 ksi.

[0378] In an exemplary experimental embodiment, as
illustrated in FIG. 375, in step 3702, the expandable tubular
member 3702a includes a microstructure that includes pearl-
ite and pearlite striation.

[0379] Inanexemplary embodiment, the expandable tubu-
lar member 3702a is then heated at a temperature of 790° C.
for about 10 minutes in step 3704.

[0380] Inanexemplary embodiment, the expandable tubu-
lar member 3702a is then quenched in water in step 3706.
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[0381] In an exemplary experimental embodiment, as
illustrated in FIG. 37¢, following the completion of step
3706, the expandable tubular member 3702¢ includes a
microstructure that includes ferrite, martensite, and bainite.
In an exemplary experimental embodiment, following the
completion of step 3706, the expandable tubular member
3702a has a yield strength of 82 ksi, and a tensile strength
of 130 ksi.

[0382] Inanexemplary embodiment, the expandable tubu-
lar member 3702a is then radially expanded and plastically
deformed using one or more of the methods and apparatus
described above. In an exemplary embodiment, following
the radial expansion and plastic deformation of the expand-
able tubular member 3702q, the yield strength of the
expandable tubular member is about 130 ksi.

[0383] In an exemplary experimental embodiment, as
illustrated in FIGS. 38a-38¢, one or more of the expandable
tubular members, 12, 14, 24, 26, 102, 104, 106, 108, 202,
204 and/or 3502 are processed in accordance with a method
3800, in which, in step 3802, an expandable tubular member
3802q is provided that is a steel alloy having following
material composition (by weight percentage): 0.08% C,
0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.06% Cu,
0.05% Ni, 0.05% Cr, 0.03% V, 0.03% Mo, 0.01% Nb, and
0.01% Ti. In an exemplary experimental embodiment, the
expandable tubular member 3802a provided in step 3802
has a yield strength of 56 ksi, and a tensile strength of 75 ksi.

[0384] In an exemplary experimental embodiment, as
illustrated in FIG. 385, in step 3802, the expandable tubular
member 3802¢ includes a microstructure that includes grain
pearlite, widmanstatten martensite and carbides of V, Ni,
and/or Ti.

[0385] Inanexemplary embodiment, the expandable tubu-
lar member 3802a is then heated at a temperature of 790° C.
for about 10 minutes in step 3804.

[0386] Inanexemplary embodiment, the expandable tubu-
lar member 3802a is then quenched in water in step 3806.

[0387] In an exemplary experimental embodiment, as
illustrated in FIG. 38¢, following the completion of step
3806, the expandable tubular member 3802q¢ includes a
microstructure that includes bainite, pearlite, and new fer-
rite. In an exemplary experimental embodiment, following
the completion of step 3806, the expandable tubular member
38024 has a yield strength of 60 ksi, and a tensile strength
of 97 ksi.

[0388] Inanexemplary embodiment, the expandable tubu-
lar member 38024 is then radially expanded and plastically
deformed using one or more of the methods and apparatus
described above. In an exemplary embodiment, following
the radial expansion and plastic deformation of the expand-
able tubular member 3802a, the yield strength of the
expandable tubular member is about 97 ksi.

[0389] Referring now to FIG. 39, a method for manufac-
turing an expandable tubular member 3900 is illustrated.
The method 3900 begins at step 3902 with providing a
tubular member. In an exemplary embodiment, the tubular
member may be any conventional tubular member or any
conventional connection for expandable tubular members.
At step 3904, the tubular member is given a heat treatment
using methods known in the art. At step 3906, the tubular



US 2007/0163785 Al

member is then quenched and, in step 3908, the tubular
member is cold worked. In an exemplary embodiment, the
tubular member is an X-52-1 pipe, with a chemical compo-
sition, by weight percentage, of 0.08% C, 0.82% Mn,
0.006% P, 0.003% S, 0.30% Si, 0.16% Cu, 0.05% Ni, 0.05%
Cr, 0.06% V, 0.01% Mo, 0.03% Nb, and 0.01% Ti, and is
quenched in water at approximately 705° C., resulting in a
tensile strength of 94 ksi and a yield strength of 56 ksi. In
an exemplary embodiment, the tubular member is a JFE-A-1
pipe, with a chemical composition, by weight percentage, of
0.065% C, 1.44% MN, 0.01% P, 0.002% S, 0.24% Si, 0.01%
Cu, 0.01% Ni, 0.02% Cr, 0.04% V, 0.01% Mo, 0.03% Nb,
and 0.01% Ti, and is quenched in water at approximately
790° C., resulting in a tensile strength of 94 ksi and a yield
strength of 59 ksi. In an exemplary embodiment, the tubular
member is a JFE-B-1 pipe, with a chemical composition, by
weight percentage, of 0.18% C, 1.28% Mn, 0.017% P,
0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, 0.03% Cr, 0.03%
V, 0.03% Mo, 0.01% Nb, and 0.01% Ti, and is quenched in
water at approximately 735° C., resulting in a tensile
strength of 94 ksi and a yield strength of 56 ksi. In an
exemplary embodiment, the tubular member is an X-52-2
pipe, with a chemical composition, by weight percentage, of
0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16%
Cu, 0.05% Ni, 0.05% Cr, 0.06% V, 0.01% Mo, 0.03% Nb,
and 0.01% Ti, and is quenched in oil at approximately 775°
C., resulting in a tensile strength of 84 ksi and a yield
strength of 49 ksi. In an exemplary embodiment, the tubular
member is a JFE-A-2 pipe, with a chemical composition, by
weight percentage, of 0.065% C, 1.44% MN, 0.01% P,
0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, 0.02% Cr, 0.04%
V, 0.01% Mo, 0.03% Nb, and 0.01% Ti, and is quenched in
oil at approximately 820° C., resulting in a tensile strength
of 92 ksi and a yield strength of 61 ksi. In an exemplary
embodiment, the tubular member is a JFE-B-2 pipe, with a
chemical composition, by weight percentage, of 0.18% C,
1.28% Mn, 0.017% P, 0.004% S, 0.29% Si, 0.01% Cu,
0.01% Ni, 0.03% Cr, 0.03% V, 0.03% Mo, 0.01% Nb, and
0.01% Ti, and is quenched in oil at approximately 750° C.,
resulting in a tensile strength of 109 ksi and a yield strength
of 58 ksi. In an exemplary embodiment, an expandable
tubular member processed by the method 3900 may, upon
radial expansion, achieve an increased yield strength.

[0390] Referring now to FIG. 40, a method for expanding
an expandable tubular member is illustrated. The method
4000 begins at step 4002 where a tubular member is pro-
vided. In an exemplary embodiment, the tubular member
provided is manufactured by the method 3900 of FIG. 39. At
step 4004, the tubular member is lubricated, and in step
4006, the tubular member is expanded. In an exemplary
embodiment, the lubricant is a EGT MS-9075, commercially
available from Brighton Inc., which results in a coefficient of
friction of 0.125 and a required expansion force of approxi-
mately 146000 lbs. In an exemplary embodiment, the lubri-
cant is a EGT MS-9075, commercially available from Brigh-
ton Inc., which results in a coefficient of friction of 0.075 and
a required expansion force of approximately 143000 lbs. In
an exemplary embodiment, the lubricant is a Brighton
lubricant, commercially available from Brighton Inc., with
grease which results in a coefficient of friction of 0.02 and
a required expansion force of approximately 150000 lbs. In
an exemplary embodiment, the lubricant is EGT MS-9075
lubricant, commercially available from Brighton Inc., used
on a 55 ksi steel which results in a coefficient of friction of
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0.02 and a required expansion force of approximately
126000 Ibs. In an exemplary embodiment, the lubricant is
EGT MS-9075 lubricant, commercially available from
Brighton Inc., used on a steel pipe with a 55 ksi yield
strength before pipe expansion and a 100 ksi yield strength
after expansion which results in a coefficient of friction of
0.02 and a required expansion force of approximately
127000 1bs. In an exemplary embodiment, the lubrication of
the tubular member decreases the force needed to expand the
tubular member, allowing a thicker pipe to be used for the
same expansion force, resulting in a higher collapse
strength.

[0391] Referring now to FIG. 41, a method 4100 for
formability evaluation for a material suitable for expandable
tubular members is illustrated including a plurality of
parameters. A stress-strain properties parameter 4102 is used
to determine the optimum combination of the strength and
elongation for the material. A Charpy V-notch impact value
parameter 4104 is used to predict the likelihood of brittle
fracture for the material. A stress rupture parameter 4106 is
used and may include a burst and collapse value which
should be optimized considering higher strength against
decreased ductility with increased susceptibility to environ-
mental cracking. A strain-hardening exponent parameter
4108 is used to find higher values such that the material
should not fail during radial expansion. A plastic strain ratio
4110 is determined by comparing the strains in the width and
thickness direction and used to find ratios 4110 greater than
1 indicating materials which are good for manufacturing an
expandable tubular member such as, for example, through
the method 4000 illustrated in FIG. 40.

[0392] In an exemplary experimental embodiment, as
illustrated in FIG. 42, an expandable tubular member 4200
may be provided using, for example, the method 3900
illustrated in FIG. 39, with a minimum flare expansion of
45%, a tensile strength of 60-120 ksi, a yield strength of
40-100 ksi, a yield strength to tensile strength ratio of
50-85%, an minimum elongation change due to radial
expansion of 35%, a minimum width reduction due to radial
expansion of 40%, a minimum thickness reduction due to
radial expansion of 30%, and a minimum anisotropy of 1.5.
In an exemplary embodiment, the absorbed energy of the
expandable tubular member 4200 at negative 4 degrees
Fahrenheit is 80 ft-1b in a longitudinal direction, 60 fi-Ib in
a transverse direction, and 60 ft-1b in a transverse weld area.

[0393] In an exemplary experimental embodiment, as
illustrated in FIG. 43, a method 4300 is provided for
transforming the yield strength of an expandable tubular
member. In an exemplary embodiment, the expandable
tubular member includes a dual-phase steel composition
including, by weight percentage, 0.12% C, 0.4% Si, 1.5%
Mn, and 0.02% Nb. The manufactured tubular member 4302
includes a yield strength of approximately 50 ksi. After cold
rolling at 4304, the yield strength of the expandable tubular
member 4300 increases to approximately 120 ksi. The
expandable tubular member 4300 is then annealed at 4306,
reducing its yield strength to approximately 35 ksi. The
expandable tubular member 4300 may then be radially
expanded at 4308, increasing the yield strength to approxi-
mately 90 ksi. Baking at 4310 will further increase the yield
strength of the expandable tubular member 4300 to approxi-
mately 100 ksi.
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[0394] In an exemplary experimental embodiment, as
illustrated in FIG. 44, an expandable tubular member 4400
may be provided using, for example, the method 3900
illustrated in FIG. 39, with a minimum flare expansion of
45%, a tensile strength of 60-100 ksi, a yield strength of
60-90 ksi, a maximum yield strength to tensile strength ratio
of 85%, an minimum elongation change due to radial
expansion of 22%, a minimum width reduction due to radial
expansion of 30%, a minimum thickness reduction due to
radial expansion of 35%, and a minimum anisotropy of 0.5.
In an exemplary embodiment, the absorbed energy of the
expandable tubular member 4200 at negative 4 degrees
Fahrenheit is 80 ft-1b in a longitudinal direction, 60 ft-Ib in
a transverse direction, and 60 ft-1b in a transverse weld area.

[0395] In an exemplary experimental embodiment, as
illustrated in FIG. 45, an expandable tubular member 4500
may be provided using, for example, the method 3900
illustrated in FIG. 39, with a minimum flare expansion of
75%, a tensile strength of 60-120 ksi, a yield strength of
40-100 ksi, a yield strength to tensile strength ratio of
50-85%, an minimum elongation change due to radial
expansion of 35%, a minimum width reduction due to radial
expansion of 40%, a minimum thickness reduction due to
radial expansion of 30%, and a minimum anisotropy of 1.5.
In an exemplary embodiment, the absorbed energy of the
expandable tubular member 4200 at negative 4 degrees
Fahrenheit is 80 ft-1b in a longitudinal direction, 60 ft-Ib in
a transverse direction, and 60 ft-1b in a transverse weld area.

[0396] In an exemplary experimental embodiment, as
illustrated in FIG. 46, a method 4600 is provided for
transforming the yield strength of an expandable tubular
member 4602. The expandable tubular member 4602
includes a yield strength of approximately 70 ksi. The
expandable tubular member 4602 may then be annealed at
4604, reducing its yield strength to approximately 30 ksi.
The expandable tubular member 4602 may then be
expanded at 4606, increasing the yield strength to approxi-
mately 90 ksi. Baking at 4608 may further increase the yield
strength of the expandable tubular member 4602 to approxi-
mately 100 ksi. In an exemplary embodiment, the cold
rolling in step 4304 may be omitted.

[0397] In an exemplary experimental embodiment, as
illustrated in FIG. 47, an expandable tubular member 4700
may be provided using, for example, the method 3900
illustrated in FIG. 39, including a yield strength of approxi-
mately 77 ksi, a tensile strength of approximately 83 ksi, and
an elongation change due to radial expansion of 32%. In
several exemplary embodiments, the tubular member 4700
may be one or more of the X-52-1, X-52-2, JFE-A-1,
JFE-A-2, JFE-B-1 or JFE-B-2 tubulars described above.

[0398] Inanexemplary embodiment, as illustrated in FIG.
48, an expansion device 4800 includes a textured external
surface 4802 having a self lubricating hard coating 4804
applied onto the external surface. A self lubricating soft
coating/film grease and lubricated mud 4806 may also be
applied onto the external surface 4802, alone, or in combi-
nation with the lubricating hard coating 4804. In an exem-
plary embodiment, the application of the lubricant coatings
4804 and 4806 result in a friction coefficient of not more
than 0.05, and the lubricant coating 4806 may withstand
abrasive and corrosive environment, while the lubricant
4804 may withstand multiple expansions and abrasive and
corrosive environments.
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[0399] In an exemplary experimental embodiment, as
illustrated in FIG. 49, a force of approximately 140000 lbs
was required to radially expand an expandable tubular
member 4902 with a coefficient of friction greater than about
0.100 during the radial expansion process. In another exem-
plary experimental embodiment, a force of approximately
118000 lbs was require to radially expand an expandable
tubular member 4904 with a coefficient of friction between
about 0.05 and 0.075 during the radial expansion process. In
several exemplary embodiments, the tubular members 4902
and 4904 may be one or more of X-52-1, X-52-2, JFE-A-1,
JFE-A-2, JFE-B-1 or JFE-B-2 tubulars described above.

[0400] In an exemplary embodiment, as illustrated in
FIGS. 50a and 5056, an expandable tubular member 5000
may be provided using, for example, the method 3900
illustrated in FIG. 39, which includes a yield strength in the
range of 40 ksi to 80 ksi, a maximum yield to tensile ratio
of less than 0.5, an elongation 5006 of greater than 30%, a
minimum width reduction due to radial expansion of greater
than 45%, a minimum wall thickness reduction due to radial
expansion of greater than 30%, and a minimum anisotropy
of greater than 1.5. In several exemplary embodiments, the
tubular member 5000 may be one or more of the X-52-1,
X-52-2, JFE-A-1, JFE-A-2, JFE-B-1 or JFE-B-2 tubulars
described above.

[0401] In an exemplary experimental embodiment, as
illustrated in FIG. 51, radial expansion of an expandable
tubular member 5100 required a load of approximately
150000 lbs. In an exemplary experimental embodiment,
radial expansion of an expandable tubular member 5102
including EGT MS-9075 lubricant coating, commercially
available from Brighton Inc., required a load of approxi-
mately 125000 1bs. In an exemplary experimental embodi-
ment, radial expansion of an expandable tubular member
5104 including EGT MS-9075 lubricant coating, commer-
cially available from Brighton Inc., and a grease lubricant
coating required a load of approximately 95000 Ibs. In an
exemplary embodiment, radial expansion of an expandable
tubular member 5106 including EGT MS-9075 lubricant
coating, commercially available from Brighton Inc., and a
grease lubricant coating required a load of approximately
80000 Ibs. In an exemplary embodiment, the expandable
tubular members 5102, 5104, and 5106 may be expanded
using the method 4000 illustrated in FIG. 40. In several
exemplary embodiments, the tubular members, 5102, 5104,
and/or 5106, may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1 or JFE-B-2 tubulars described
above.

[0402] In an exemplary experimental embodiment, as
illustrated in FIG. 52, an expandable tubular member 5200
including a Brighton BSFL lubricant coating, commercially
available from Brighton Inc., resulted in a friction coeflicient
01'0.125, a required radial expansion force of approximately
146000 1bs, a wall thickness of 0.305, a diameter to thick-
ness ratio of 24.8, and a collapse strength of approximately
2400 ksi. In an exemplary experimental embodiment, an
expandable tubular member 5202 including EGT MS-9075
lubricant coating, commercially available from Brighton
Inc., resulted in a friction coefficient of 0.075, a required
expansion force of approximately 143000 Ibs, a wall thick-
ness of 0.350, a diameter to thickness ratio of 21.6, and a
collapse strength of approximately 3250 ksi. In an exem-
plary experimental embodiment, an expandable tubular
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member 5204 including EGT MS-9075 lubricant coating,
commercially available from Brighton Inc., and grease lubri-
cant coating resulted in a friction coefficient of 0.02, a
required expansion force of approximately 150000 lbs, a
wall thickness of 0.450, a diameter to thickness ratio of 16.8,
and a collapse strength of approximately 5800 ksi. In an
exemplary experimental embodiment, an expandable tubu-
lar member 5206 including a 55 ksi steel and EGT MS-9075
lubricant coating, commercially available from Brighton
Inc., and grease lubricant coating resulted in a friction
coeflicient of 0.02, a required expansion force of approxi-
mately 126000 1bs, a wall thickness of 0.500, a diameter to
thickness ratio of 15.1, and a collapse strength of approxi-
mately 5350 ksi. In an exemplary experimental embodiment,
an expandable tubular member 5208 including EGT
MS-9075 lubricant coating, commercially available from
Brighton Inc., resulted in a friction coefficient of 0.02, a
required expansion force of approximately 127000 lbs, a
wall thickness of 0.500, a diameter to thickness ratio of 15.1,
and a collapse strength of approximately 8400 ksi. In an
exemplary embodiment, the expandable tubular members
5200, 5202, 5204, 5206, and 5208 may be radially expanded
using the method 4000, illustrated in FIG. 40. In several
exemplary embodiments, the tubular members, 5200, 5202,
5204, 5206, and/or 5208, may be one or more of the X-52-1,
X-52-2, JFE-A-1, JFE-A-2, JFE-B-1 or JFE-B-2 tubulars
described above.

[0403] In an exemplary experimental embodiment, as
illustrated in FIG. 53, an expandable tubular member 5300
included a composition, by weight percentage, of 0.065% C,
1.44% MN, 0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01%
Ni, 0.02% Cr, 0.04% V, 0.01% Mo, 0.03% Nb, and 0.01%
Ti. In an exemplary experimental embodiment, an expand-
able tubular member 5302 included a composition, by
weight percentage, of 0.18% C, 1.28% Mn, 0.017% P,
0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, 0.03% Cr, 0.03%
V, 0.03% Mo, 0.01% Nb, and 0.01% Ti. In an exemplary
experimental embodiment, an expandable tubular member
5304 included a composition, by weight percentage, of
0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16%
Cu, 0.05% Ni, 0.05% Cr, 0.06% V, 0.01% Mo, 0.03% Nb,
and 0.01% Ti. In an exemplary experimental embodiment,
an expandable tubular member 5306 included a composi-
tion, by weight percentage, of 0.03% C, 1.48% Mn, 0.014%
P, 0.002% S, 0.16% Si, 0.02% Cu, 0.01% Ni, 0.02% Cr,
0.06% V, 0.01% Mo, 0.03% Nb, and 0.01% Ti.

[0404] In an exemplary experiment embodiment, as illus-
trated in FIG. 54, an expandable tubular member 5400
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 16%, a yield
strength 5402 change due to expansion of approximately
22%, a yield ratio 5404 change due to radial expansion of
approximately 24%, an elongation percentage 5406 change
due to radial expansion of approximately 18%, a width
reduction percentage 5408 change due to radial expansion of
approximately 8%, a wall thickness reduction percentage
5410 change due to radial expansion of approximately 15%,
and a anisotropy percentage 5412 change due to radial
expansion of approximately 4%. In several exemplary
embodiments, the tubular member 5400 may be one or more
of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-
B-2, 5302, 5304, 5306 or 5308 tubular members described
above.
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[0405] In an exemplary experiment embodiment, as illus-
trated in FIG. 55, an expandable tubular member 5500
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 15.6%, a yield
strength 5502 change due to radial expansion of approxi-
mately 70%, a yield ratio 5504 change due to radial expan-
sion of approximately 25%, an elongation percentage 5506
change due to radial expansion of approximately 67%, a
width reduction percentage 5508 change due to radial
expansion of approximately 28%, a wall thickness reduction
percentage 5510 change due to radial expansion of approxi-
mately 7%, and a anisotropy percentage 5512 change due to
radial expansion of approximately 75%. In several exem-
plary embodiments, the tubular member 5500 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0406] In an exemplary experiment embodiment, as illus-
trated in FIG. 56, an expandable tubular member 5600
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 24%, a yield
strength 5602 change due to radial expansion of approxi-
mately 10%, a yield ratio 5604 change due to radial expan-
sion of approximately 3%, an elongation percentage 5606
change due to radial expansion of approximately 30%, a
width reduction percentage 5608 change due to radial
expansion of approximately 13%, a wall thickness reduction
percentage 5610 change due to radial expansion of approxi-
mately 2%, and a anisotropy percentage 5612 change due to
radial expansion of approximately 17%. In several exem-
plary embodiments, the tubular member 5600 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0407] In an exemplary experiment embodiment, as illus-
trated in FIG. 57, an expandable tubular member 5700
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 24%, a yield
strength 5702 change due to radial expansion of approxi-
mately 46%, a yield ratio 5704 change due to radial expan-
sion of approximately 20%, an elongation percentage 5706
change due to radial expansion of approximately 91%, a
width reduction percentage 5708 change due to radial
expansion of approximately 15%, a wall thickness reduction
percentage 5710 change due to radial expansion of approxi-
mately 2%, and a anisotropy percentage 5712 change due to
radial expansion of approximately 18%. In several exem-
plary embodiments, the tubular member 5700 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0408] In an exemplary experiment embodiment, as illus-
trated in FIG. 58, an expandable tubular member 5800
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 16%, a yield
strength 5802 change due to radial expansion of approxi-
mately 38%, a yield ratio 5804 change due to radial expan-
sion of approximately 20%, an elongation percentage 5806
change due to radial expansion of approximately 11%, a
width reduction percentage 5808 change due to radial
expansion of approximately 9%, a wall thickness reduction
percentage 5810 change due to radial expansion of approxi-
mately 4%, and a anisotropy percentage 5812 change due to
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radial expansion of approximately 4%. In several exemplary
embodiments, the tubular member 5800 may be one or more
of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-
B-2, 5302, 5304, 5306 or 5308 tubular members described
above.

[0409] In an exemplary experiment embodiment, as illus-
trated in FIG. 59, an expandable tubular member 5900
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 24%, a yield
strength 5902 change due to radial expansion of approxi-
mately 31%, a yield ratio 5904 change due to radial expan-
sion of approximately 14%, an elongation percentage 5906
change due to radial expansion of approximately 48%, a
width reduction percentage 5908 change due to radial
expansion of approximately 13%, a wall thickness reduction
percentage 5910 change due to radial expansion of approxi-
mately 2%, and a anisotropy percentage 5912 change due to
radial expansion of approximately 12%. In several exem-
plary embodiments, the tubular member 5900 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0410] In an exemplary experiment embodiment, as illus-
trated in FIG. 60, an expandable tubular member 6000
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 24%, a yield
strength 6002 change due to radial expansion of approxi-
mately 38%, a yield ratio 6004 change due to radial expan-
sion of approximately 21%, an elongation percentage 6006
change due to radial expansion of approximately 55%, a
width reduction percentage 6008 change due to radial
expansion of approximately 16%, a wall thickness reduction
percentage 6010 change due to radial expansion of approxi-
mately 9%, and a anisotropy percentage 6012 change due to
radial expansion of approximately 13%. In several exem-
plary embodiments, the tubular member 6000 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0411] In an exemplary experiment embodiment, as illus-
trated in FIG. 61, an expandable tubular member 6100
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 16%, a yield
strength 6102 change due to radial expansion of approxi-
mately 33%, a yield ratio 6104 change due to radial expan-
sion of approximately 26%, an elongation percentage 6106
change due to radial expansion of approximately 30%, a
width reduction percentage 6108 change due to radial
expansion of approximately 15%, a wall thickness reduction
percentage 6110 change due to radial expansion of approxi-
mately 9%, and a anisotropy percentage 6112 change due to
radial expansion of approximately 10%. In several exem-
plary embodiments, the tubular member 6100 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0412] In an exemplary experiment embodiment, as illus-
trated in FIG. 62, an expandable tubular member 6200
produced using, for example, the method 3900 illustrated in
FIG. 39, included, after a radial expansion of 24%, a yield
strength 6202 change due to radial expansion of approxi-
mately 41%, a yield ratio 6204 change due to radial expan-
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sion of approximately 27%, an elongation percentage 6206
change due to radial expansion of approximately 40%, a
width reduction percentage 6208 change due to radial
expansion of approximately 21%, a wall thickness reduction
percentage 6210 change due to radial expansion of approxi-
mately 16%, and a anisotropy percentage 6212 change due
to radial expansion of approximately 5%. In several exem-
plary embodiments, the tubular member 6200 may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0413] In an exemplary experimental embodiment, as
illustrated in FIG. 63, an expandable tubular member 6300
produced using, for example, the method 3900 illustrated in
FIG. 39, included a yield strength 6302 of approximately 68
ksi before radial expansion, a yield strength 6304 of approxi-
mately 80 ksi after 16% radial expansion, and a yield
strength 6306 of approximately 82 ksi after 24% radial
expansion. In several exemplary embodiments, the tubular
member 6300 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0414] In an exemplary experimental embodiment, as
illustrated in FIG. 64, an expandable tubular member 6400
produced using, for example, the method 3900 illustrated in
FIG. 39, included a yield strength 6402 of approximately 69
ksi before radial expansion, a yield strength 6404 of approxi-
mately 83 ksi after 16% radial expansion, and a yield
strength 6406 of approximately 88 ksi after 24% radial
expansion. In several exemplary embodiments, the tubular
member 6400 may be one or more of the X X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0415] In an exemplary experimental embodiment, as
illustrated in FIG. 65, an expandable tubular member 6500
produced using, for example, the method 3900 illustrated in
FIG. 39, included a yield strength 6502 of approximately 80
ksi before radial expansion, a yield strength 6504 of approxi-
mately 90 ksi after 16% radial expansion, and a yield
strength 6506 of approximately 92 ksi after 24% radial
expansion. In several exemplary embodiments, the tubular
member 6500 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0416] In an exemplary experimental embodiment, as
illustrated in FIG. 66, an expandable tubular member 6600
produced using, for example, the method 3900 illustrated in
FIG. 39, included a yield strength 6602 of approximately
108 ksi before radial expansion, a yield strength 6604 of
approximately 120 ksi after 15.2% radial expansion, and a
yield strength 6606 of approximately 121 ksi after 25.2%
radial expansion. In several exemplary embodiments, the
tubular member 6600 may be one or more of the X-52-1,
X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304,
5306 or 5308 tubular members described above.

[0417] In an exemplary experimental embodiment, as
illustrated in FIG. 67, an expandable tubular member 6700
produced using, for example, the method 3900 illustrated in
FIG. 39, included a yield strength 6702 of approximately
100 ksi before radial expansion and a yield strength 6704 of
approximately 127 ksi after 31.3% radial expansion. In
several exemplary embodiments, the tubular member 6700
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may be one or more of the X-52-1, X-52-2, JFE-A-1,
JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or 5308
tubular members described above.

[0418] In an exemplary experimental embodiment, as
illustrated in FIG. 68a and 685, an expandable tubular
member 6800 produced using, for example, the method
3900 illustrated in FIG. 39, included a yield strength 6802 of
approximately 118 ksi before radial expansion and a yield
strength 6804 of approximately 140 ksi after 15.6% radial
expansion. In an exemplary experimental embodiment, an
expandable tubular member 6806 is produced using, for
example, the method 3900 illustrated in FIG. 39, that
includes a yield strength of approximately 51 ksi, a yield
strength to tensile strength ratio of approximately 0.44, a
longitudinal elongation change due to radial expansion of
approximately 12%, a width reduction due to radial expan-
sion of approximately 18%, a wall thickness reduction due
to radial expansion of approximately 15%, and an anisot-
ropy of approximately 1.24. In several exemplary embodi-
ments, the tubular members, 6800 and 6806, may be one or
more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1,
JFE-B-2, 5302, 5304, 5306 or 5308 tubular members
described above.

[0419] In an exemplary experimental embodiment, as
illustrated in FIG. 69, an expandable tubular member 6900
begins with a tensile strength 6902 of approximately 85 ksi
and a yield strength 6904 of approximately 55 ksi. After
quenching in water at approximately 775° C., the expand-
able tubular member 6900 includes a tensile strength 6908
0t 94 ksi and a yield strength 6910 of 56 ksi. In an exemplary
embodiment, the expandable tubular member 6900 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
member 6900 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0420] In an exemplary experimental embodiment, as
illustrated in FIG. 70, an expandable tubular member 7000
begins with a tensile strength 7002 of approximately 69 ksi
and a yield strength 7004 of approximately 45 ksi. After
quenching in water at approximately 790° C., the expand-
able tubular member 7000 includes a tensile strength 7008
ot 94 ksi and a yield strength 7010 of 59 ksi. In an exemplary
embodiment, the expandable tubular member 7000 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
member 7000 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0421] In an exemplary experimental embodiment, as
illustrated in FIG. 71, an expandable tubular member 7100
begins with a tensile strength 7102 of approximately 80 ksi
and a yield strength 7104 of approximately 59 ksi. After
quenching in water at approximately 735° C., the expand-
able tubular member 7100 includes a tensile strength 7108
01 94 ksi and a yield strength 7110 of 59 ksi. In an exemplary
embodiment, the expandable tubular member 7100 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
member 7100 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.
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[0422] In an exemplary experimental embodiment, as
illustrated in FIG. 72, an expandable tubular member 7200
begins with a tensile strength 7202 of approximately 75 ksi
and a yield strength 7204 of approximately 55 ksi. After
quenching in oil at approximately 775° C., the expandable
tubular member 7200 includes a tensile strength 7208 of 84
ksi and a yield strength 7210 of 49 ksi. In an exemplary
embodiment, the expandable tubular member 7200 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
member 7200 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0423] In an exemplary experimental embodiment, as
illustrated in FIG. 73, an expandable tubular member 7300
begins with a tensile strength 7302 of approximately 69 ksi
and a yield strength 7304 of approximately 45 ksi. After
quenching in oil at approximately 820° C., the expandable
tubular member 7300 includes a tensile strength 7308 of 92
ksi and a yield strength 7310 of 61 ksi. In an exemplary
embodiment, the expandable tubular member 7300 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
member 7300 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0424] In an exemplary experimental embodiment, as
illustrated in FIG. 74, an expandable tubular member 7400
begins with a tensile strength 7402 of approximately 80 ksi
and a yield strength 7404 of approximately 60 ksi. After
quenching in oil at approximately 750° C., the expandable
tubular member 7400 includes a tensile strength 7408 of 109
ksi and a yield strength 7410 of 58 ksi. In an exemplary
embodiment, the expandable tubular member 7400 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
member 7400 may be one or more of the X-52-1, X-52-2,
JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304, 5306 or
5308 tubular members described above.

[0425] In an exemplary experimental embodiment, as
illustrated in FIG. 75, expandable tubular members, 7500,
7502 and 7504, are produced by quenching and tempering.
Expandable tubular member 7500 includes a yield strength
7506 of approximately 80, a yield strength to tensile strength
ratio 7508 of approximately 0.86, an elongation change due
to radial expansion 7510 of approximately 14.8%, a width
reduction due to radial expansion 7512 of approximately
38%, a wall thickness reduction due to radial expansion
7514 of approximately 43%, and an anisotropy 7516 of
approximately 0.87. Expandable tubular member 7502
includes a yield strength 7506 of approximately 81, a yield
strength to tensile strength ratio 7508 of approximately 0.83,
an elongation change due to radial expansion 7510 of
approximately 14.9%, a width reduction 7512 of approxi-
mately 38%, a wall thickness reduction due to radial expan-
sion 7514 of approximately 43.3%, and an anisotropy 7516
of approximately 0.83. Expandable tubular member 7504
includes a yield strength 7506 of approximately 79, a yield
strength to tensile strength ratio 7508 of approximately 0.82,
an elongation change due to radial expansion 7510 of
approximately 15.9%, a width reduction due to radial expan-
sion 7512 of approximately 44%, a wall thickness reduction
due to radial expansion 7514 of approximately 43.3%, and
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an anisotropy 7516 of approximately 1.03. In an exemplary
embodiment, the expandable tubular member 7500 may be
produced using, for example, the method 3900 illustrated in
FIG. 39. In several exemplary embodiments, the tubular
members, 7500, 7502, and/or 7504, may be one or more of
the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2,
5302, 5304, 5306 or 5308 tubular members described above.

[0426] In an exemplary experimental embodiment, as
illustrated in FIG. 76, expandable tubular members, 7600
and 7602, are produced by quenching and tempering.
Expandable tubular member 7600 includes a yield strength
7504 of approximately 80 ksi, a yield strength to tensile
strength ratio 7506 of approximately 0.86, an elongation
change due to radial expansion 7508 of approximately
14.8%, a width reduction due to radial expansion 7510 of
approximately 38%, a wall thickness reduction due to radial
expansion 7512 of approximately 43%, and an anisotropy
7514 of approximately 0.87. Expandable tubular member
7502 includes a yield strength 7504 of approximately 80 ksi,
a yield strength to tensile strength ratio 7506 of approxi-
mately 0.83, an elongation change due to radial expansion
7508 of approximately 15.3%, a width reduction due to
radial expansion 7510 of approximately 40.4%, a wall
thickness reduction due to radial expansion 7512 of approxi-
mately 43.3%, and an anisotropy 7514 of approximately
0.92. In an exemplary embodiment, the expandable tubular
member 7600 may be produced using, for example, the
method 3900 illustrated in FIG. 39. In several exemplary
embodiments, the tubular members, 7600 and 7602, may be
one or more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2,
JFE-B-1, JFE-B-2, 5302, 5304, 5306 or 5308 tubular mem-
bers described above.

[0427] In an exemplary experimental embodiment, as
illustrated in FIGS. 77a and 77b, an expandable tubular
member 7700 may be produced, for example, using the
method 4000 of FIG. 40, including an elongation change due
to radial expansion of 21%, a width reduction due to radial
expansion of 35%, a wall thickness reduction due to radial
expansion of 38%, and an anisotropy of 0.89. Expandable
tubular member 7700 includes a stress-strain curve 7702
including a tensile strength of approximately 100 ksi. In an
exemplary embodiment, the expandable tubular member
7700 may be produced using, for example, the method 3900
illustrated in FIG. 39. In several exemplary embodiments,
the tubular member 7700 may be one or more of the X-52-1,
X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2, 5302, 5304,
5306 or 5308 tubular members described above.

[0428] In an exemplary experimental embodiment, as
illustrated in FIGS. 78a and 786, an expandable tubular
member 7800 was produced by quenching and tempering
that included a yield strength of approximately 85 ksi, a
yield strength to tensile strength ratio of approximately 0.85,
a longitudinal elongation change due to radial expansion of
approximately 21%, a width reduction due to radial expan-
sion of approximately 39%, a wall thickness reduction due
to radial expansion of 43%, and an anisotropy of 0.88.
Expandable tubular member 7800 includes a stress-strain
curve 7802 including a tensile strength of approximately 100
ksi. In an exemplary embodiment, the expandable tubular
member 7800 may be produced using, for example, the
method 3900 illustrated in FIG. 39. In several exemplary
embodiments, the tubular member 7800 may be one or more
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of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-
B-2, 5302, 5304, 5306 or 5308 tubular members described
above.

[0429] In an exemplary experimental embodiment, as
illustrated in FIGS. 79a and 794, an expandable tubular
member 7900 was produced by quenching and tempering
that included a yield strength of approximately 89 ksi, a
yield strength to tensile strength ratio of approximately 0.86,
a longitudinal elongation change due to radial expansion of
approximately 22%, a width reduction due to radial expan-
sion of approximately 39%, a wall thickness reduction due
to radial expansion of 41%, and an anisotropy of 0.93.
Expandable tubular member 7900 includes a stress-strain
curve 7902 including a tensile strength of approximately 100
ksi. In an exemplary embodiment, the expandable tubular
member 7900 may be produced using, for example, the
method 3900 illustrated in FIG. 39. In several exemplary
embodiments, the tubular member 7900 may be one or more
of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-
B-2, 5302, 5304, 5306 or 5308 tubular members described
above.

[0430] In an exemplary experimental embodiment, as
illustrated in FIGS. 80a and 805, an expandable tubular
member 8000 was produced by quenching and tempering
that included a yield strength of approximately 84 ksi, a
yield strength to tensile strength ratio of approximately 0.84,
a longitudinal elongation change due to radial expansion of
approximately 21%, a width reduction due to radial expan-
sion of approximately 40%, a wall thickness reduction due
to radial expansion of 42%, and an anisotropy of 0.94.
Expandable tubular member 8002 includes a stress-strain
curve 7902 including a tensile strength of approximately 108
ksi. In an exemplary embodiment, the expandable tubular
member 8000 may be produced using, for example, the
method 3900 illustrated in FIG. 39. In several exemplary
embodiments, the tubular member 8000 may be one or more
of the X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-
B-2, 5302, 5304, 5306 or 5308 tubular members described
above.

[0431] In an exemplary experimental embodiment, as
illustrated in FIG. 81, an expandable tubular member 8100
may be produced, for example, using the method 3900 of
FIG. 39, including a yield strength of approximately 80 ksi,
a yield strength to tensile strength ratio of approximately
0.72, an clongation change due to radial expansion of
approximately 35%, a width reduction due to radial expan-
sion of approximately 35%, a wall thickness reduction due
to radial expansion of approximately 33%, and an anisot-
ropy of approximately 0.92. In an exemplary embodiment,
expandable tubular member 8100 is produced by hot stretch-
ing, reducing at 1950° C., and rotary straightening. An
expandable tubular member 8102 was produced that
included a yield strength of approximately 90 ksi, a yield
strength to tensile strength ratio of approximately 0.88, an
elongation change due to radial expansion of approximately
25%, a width reduction due to radial expansion of approxi-
mately 22%, a wall thickness reduction due to radial expan-
sion of approximately 20%, and an anisotropy of approxi-
mately 1.1. In an exemplary embodiment, expandable
tubular member 8102 is produced by normalizing at 1850°
C., cold drawing, annealing at 1050° C., and rotary straight-
ening. An expandable tubular member 8104 was produced
that included a yield strength of approximately 88 ksi, a
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yield strength to tensile strength ratio of approximately 0.87,
an elongation change due to radial expansion of approxi-
mately 16%, a width reduction due to radial expansion of
approximately 24%, a wall thickness reduction due to radial
expansion of approximately 30%, and an anisotropy of
approximately 0.76. In an exemplary embodiment, expand-
able tubular member 8104 is produced by hot stretching,
reducing at 1950° C., cold drawing, annealing, and rotary
straightening. An expandable tubular member 8106 was
produced that included a yield strength of approximately 48
ksi, a yield strength to tensile strength ratio of approximately
0.73, an eclongation change due to radial expansion of
approximately 38%, a width reduction due to radial expan-
sion of approximately 43%, a wall thickness reduction due
to radial expansion of approximately 49%, and an anisot-
ropy of approximately 0.83. In an exemplary embodiment,
expandable tubular member 8106 is produced by hot stretch-
ing, reducing at 1850° C., and rotary straightening. An
expandable tubular member 8108 was produced that
included a yield strength of approximately 46 ksi, a yield
strength to tensile strength ratio of approximately 0.69, an
elongation change due to radial expansion of approximately
40%, a width reduction due to radial expansion of approxi-
mately 50%, a wall thickness reduction due to radial expan-
sion of approximately 53%, and an anisotropy of approxi-
mately 0.93. In an exemplary embodiment, expandable
tubular member 8108 is produced by hot reducing at 1850°
C., cold sizing, and rotary straightening. An expandable
tubular member 8110 was produced that included a yield
strength of approximately 53 ksi, a yield strength to tensile
strength ratio of approximately 0.85, an elongation change
due to radial expansion of approximately 49%, a width
reduction due to radial expansion of approximately 49%, a
wall thickness reduction due to radial expansion of approxi-
mately 2046 and an anisotropy of approximately 1.1. In an
exemplary embodiment, expandable tubular member 8110 is
produced by hot stretching, reducing at 1850° C., and rotary
straightening. In several exemplary embodiments, the tubu-
lar members, 8100, 8102, 8104, 8106, 8108, and 8110, may
be one or more of the X-52-1, X-52-2, JFE-A-1, JFE-A-2,
JFE-B-1, JFE-B-2, 5302, 5304, 5306 or 5308 tubular mem-
bers described above.

[0432] Inanexemplary embodiment, as illustrated in FIG.
82, an expandable tubular member 8200 may be produced,
for example, using the method 3900 of FIG. 39, including a
42% flare expansion, absorbed energy in the longitudinal
direction of 125 ft-lbs, absorbed energy in the transverse
direction of 59 ft-1bs, and absorbed energy in the weld 0f 176
ft-Ibs. An expandable tubular member 8202 was produced
that included a 52% flare expansion, absorbed energy in the
longitudinal direction of 145 ft-lbs, absorbed energy in the
transverse direction of 59 ft-lbs, and absorbed energy in the
weld of 174 ft-1bs. In several exemplary embodiments, the
tubular members, 8200 and 8202, may be one or more of the
X-52-1, X-52-2, JFE-A-1, JFE-A-2, JFE-B-1, JFE-B-2,
5302, 5304, 5306 or 5308 tubular members described above.

[0433] In several exemplary embodiments, the teachings
of the present disclosure are combined with one or more of
the teachings disclosed in FR 2 841 626, filed on Jun. 28,
2002, and published on Jan. 2, 2004, the disclosure of which
is incorporated herein by reference.

[0434] A method of forming a tubular liner within a
preexisting structure has been described that includes posi-
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tioning a tubular assembly within the preexisting structure;
and radially expanding and plastically deforming the tubular
assembly within the preexisting structure, wherein, prior to
the radial expansion and plastic deformation of the tubular
assembly, a predetermined portion of the tubular assembly
has a lower yield point than another portion of the tubular
assembly. In an exemplary embodiment, the predetermined
portion of the tubular assembly has a higher ductility and a
lower yield point prior to the radial expansion and plastic
deformation than after the radial expansion and plastic
deformation. In an exemplary embodiment, the predeter-
mined portion of the tubular assembly has a higher ductility
prior to the radial expansion and plastic deformation than
after the radial expansion and plastic deformation. In an
exemplary embodiment, the predetermined portion of the
tubular assembly has a lower yield point prior to the radial
expansion and plastic deformation than after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the predetermined portion of the tubular assembly has
a larger inside diameter after the radial expansion and plastic
deformation than other portions of the tubular assembly. In
an exemplary embodiment, the method further includes
positioning another tubular assembly within the preexisting
structure in overlapping relation to the tubular assembly; and
radially expanding and plastically deforming the other tubu-
lar assembly within the preexisting structure, wherein, prior
to the radial expansion and plastic deformation of the tubular
assembly, a predetermined portion of the other tubular
assembly has a lower yield point than another portion of the
other tubular assembly. In an exemplary embodiment, the
inside diameter of the radially expanded and plastically
deformed other portion of the tubular assembly is equal to
the inside diameter of the radially expanded and plastically
deformed other portion of the other tubular assembly. In an
exemplary embodiment, the predetermined portion of the
tubular assembly includes an end portion of the tubular
assembly. In an exemplary embodiment, the predetermined
portion of the tubular assembly includes a plurality of
predetermined portions of the tubular assembly. In an exem-
plary embodiment, the predetermined portion of the tubular
assembly includes a plurality of spaced apart predetermined
portions of the tubular assembly. In an exemplary embodi-
ment, the other portion of the tubular assembly includes an
end portion of the tubular assembly. In an exemplary
embodiment, the other portion of the tubular assembly
includes a plurality of other portions of the tubular assembly.
In an exemplary embodiment, the other portion of the
tubular assembly includes a plurality of spaced apart other
portions of the tubular assembly. In an exemplary embodi-
ment, the tubular assembly includes a plurality of tubular
members coupled to one another by corresponding tubular
couplings. In an exemplary embodiment, the tubular cou-
plings include the predetermined portions of the tubular
assembly; and wherein the tubular members comprise the
other portion of the tubular assembly. In an exemplary
embodiment, one or more of the tubular couplings include
the predetermined portions of the tubular assembly. In an
exemplary embodiment, one or more of the tubular members
include the predetermined portions of the tubular assembly.
In an exemplary embodiment, the predetermined portion of
the tubular assembly defines one or more openings. In an
exemplary embodiment, one or more of the openings
include slots. In an exemplary embodiment, the anisotropy
for the predetermined portion of the tubular assembly is
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greater than 1. In an exemplary embodiment, the anisotropy
for the predetermined portion of the tubular assembly is
greater than 1. In an exemplary embodiment, the strain
hardening exponent for the predetermined portion of the
tubular assembly is greater than 0.12. In an exemplary
embodiment, the anisotropy for the predetermined portion of
the tubular assembly is greater than 1; and the strain hard-
ening exponent for the predetermined portion of the tubular
assembly is greater than 0.12. In an exemplary embodiment,
the predetermined portion of the tubular assembly is a first
steel alloy including: 0.065% C, 1.44% Mn, 0.01% P,
0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and 0.02% Cr. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the tubular assembly is at most about 46.9
ksi prior to the radial expansion and plastic deformation; and
the yield point of the predetermined portion of the tubular
assembly is at least about 65.9 ksi after the radial expansion
and plastic deformation. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly after the radial expansion and plastic deformation
is at least about 40% greater than the yield point of the
predetermined portion of the tubular assembly prior to the
radial expansion and plastic deformation. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is about 1.48. In an exemplary embodi-
ment, the predetermined portion of the tubular assembly
includes a second steel alloy including: 0.18% C, 1.28% Mn,
0.017% P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and
0.03% Cr. In an exemplary embodiment, the yield point of
the predetermined portion of the tubular assembly is at most
about 57.8 ksi prior to the radial expansion and plastic
deformation; and the yield point of the predetermined por-
tion of the tubular assembly is at least about 74.4 ksi after
the radial expansion and plastic deformation. In an exem-
plary embodiment, the yield point of the predetermined
portion of the tubular assembly after the radial expansion
and plastic deformation is at least about 28% greater than the
yield point of the predetermined portion of the tubular
assembly prior to the radial expansion and plastic deforma-
tion. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is about 1.04. In an
exemplary embodiment, the predetermined portion of the
tubular assembly includes a third steel alloy including:
0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16%
Cu, 0.05% Ni, and 0.05% Cr. In an exemplary embodiment,
the anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.92. In an exemplary embodiment, the pre-
determined portion of the tubular assembly includes a fourth
steel alloy including: 0.02% C, 1.31% Mn, 0.02% P, 0.001%
S, 0.45% Si, 9.1% Ni, and 18.7% Cr. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is about 1.34. In an exemplary embodi-
ment, the yield point of the predetermined portion of the
tubular assembly is at most about 46.9 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the tubular assembly
is at least about 65.9 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the tubular assembly after
the radial expansion and plastic deformation is at least about
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40% greater than the yield point of the predetermined
portion of the tubular assembly prior to the radial expansion
and plastic deformation. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is at least about 1.48. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly is at most about 57.8 ksi prior to the radial
expansion and plastic deformation; and the yield point of the
predetermined portion of the tubular assembly is at least
about 74.4 ksi after the radial expansion and plastic defor-
mation. In an exemplary embodiment, the yield point of the
predetermined portion of the tubular assembly after the
radial expansion and plastic deformation is at least about
28% greater than the yield point of the predetermined
portion of the tubular assembly prior to the radial expansion
and plastic deformation. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is at least about 1.04. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is at least about 1.92. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is at least about 1.34. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, ranges from about 1.04 to about 1.92. In an exemplary
embodiment, the yield point of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, ranges from about 47.6 ksi to about 61.7
ksi. In an exemplary embodiment, the expandability coef-
ficient of the predetermined portion of the tubular assembly,
prior to the radial expansion and plastic deformation, is
greater than 0.12. In an exemplary embodiment, the expand-
ability coefficient of the predetermined portion of the tubular
assembly is greater than the expandability coeflicient of the
other portion of the tubular assembly. In an exemplary
embodiment, the tubular assembly includes a wellbore cas-
ing, a pipeline, or a structural support. In an exemplary
embodiment, the carbon content of the predetermined por-
tion of the tubular assembly is less than or equal to 0.12
percent; and wherein the carbon equivalent value for the
predetermined portion of the tubular assembly is less than
0.21. In an exemplary embodiment, the carbon content of the
predetermined portion of the tubular assembly is greater
than 0.12 percent; and wherein the carbon equivalent value
for the predetermined portion of the tubular assembly is less
than 0.36. In an exemplary embodiment, a yield point of an
inner tubular portion of at least a portion of the tubular
assembly is less than a yield point of an outer tubular portion
of the portion of the tubular assembly. In an exemplary
embodiment, yield point of the inner tubular portion of the
tubular body varies as a function of the radial position within
the tubular body. In an exemplary embodiment, the yield
point of the inner tubular portion of the tubular body varies
in an linear fashion as a function of the radial position within
the tubular body. In an exemplary embodiment, the yield
point of the inner tubular portion of the tubular body varies
in an non-linear fashion as a function of the radial position
within the tubular body. In an exemplary embodiment, the
yield point of the outer tubular portion of the tubular body
varies as a function of the radial position within the tubular
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body. In an exemplary embodiment, the yield point of the
outer tubular portion of the tubular body varies in an linear
fashion as a function of the radial position within the tubular
body. In an exemplary embodiment, the yield point of the
outer tubular portion of the tubular body varies in an
non-linear fashion as a function of the radial position within
the tubular body. In an exemplary embodiment, the yield
point of the inner tubular portion of the tubular body varies
as a function of the radial position within the tubular body;
and wherein the yield point of the outer tubular portion of
the tubular body varies as a function of the radial position
within the tubular body. In an exemplary embodiment, the
yield point of the inner tubular portion of the tubular body
varies in a linear fashion as a function of the radial position
within the tubular body; and wherein the yield point of the
outer tubular portion of the tubular body varies in a linear
fashion as a function of the radial position within the tubular
body. In an exemplary embodiment, the yield point of the
inner tubular portion of the tubular body varies in a linear
fashion as a function of the radial position within the tubular
body; and wherein the yield point of the outer tubular
portion of the tubular body varies in a non-linear fashion as
a function of the radial position within the tubular body. In
an exemplary embodiment, the yield point of the inner
tubular portion of the tubular body varies in a non-linear
fashion as a function of the radial position within the tubular
body; and wherein the yield point of the outer tubular
portion of the tubular body varies in a linear fashion as a
function of the radial position within the tubular body. In an
exemplary embodiment, the yield point of the inner tubular
portion of the tubular body varies in a non-linear fashion as
a function of the radial position within the tubular body; and
wherein the yield point of the outer tubular portion of the
tubular body varies in a non-linear fashion as a function of
the radial position within the tubular body. In an exemplary
embodiment, the rate of change of the yield point of the
inner tubular portion of the tubular body is different than the
rate of change of the yield point of the outer tubular portion
of the tubular body. In an exemplary embodiment, the rate
of change of the yield point of the inner tubular portion of
the tubular body is different than the rate of change of the
yield point of the outer tubular portion of the tubular body.
In an exemplary embodiment, prior to the radial expansion
and plastic deformation, at least a portion of the tubular
assembly comprises a microstructure comprising a hard
phase structure and a soft phase structure. In an exemplary
embodiment, prior to the radial expansion and plastic defor-
mation, at least a portion of the tubular assembly comprises
a microstructure comprising a transitional phase structure. In
an exemplary embodiment, the hard phase structure com-
prises martensite. In an exemplary embodiment, the soft
phase structure comprises ferrite. In an exemplary embodi-
ment, the transitional phase structure comprises retained
austentite. In an exemplary embodiment, the hard phase
structure comprises martensite; wherein the soft phase struc-
ture comprises ferrite; and wherein the transitional phase
structure comprises retained austentite. In an exemplary
embodiment, the portion of the tubular assembly comprising
a microstructure comprising a hard phase structure and a soft
phase structure comprises, by weight percentage, about
0.1% C, about 1.2% Mn, and about 0.3% Si.

[0435] An expandable tubular member has been described
that includes a steel alloy including: 0.065% C, 1.44% Mn,
0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and
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0.02% Cr. In an exemplary embodiment, a yield point of the
tubular member is at most about 46.9 ksi prior to a radial
expansion and plastic deformation; and a yield point of the
tubular member is at least about 65.9 ksi after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the yield point of the tubular member after the radial
expansion and plastic deformation is at least about 40%
greater than the yield point of the tubular member prior to
the radial expansion and plastic deformation. In an exem-
plary embodiment, the anisotropy of the tubular member,
prior to a radial expansion and plastic deformation, is about
1.48. In an exemplary embodiment, the tubular member
includes a wellbore casing, a pipeline, or a structural sup-
port.

[0436] An expandable tubular member has been described
that includes a steel alloy including: 0.18% C, 1.28% Mn,
0.017% P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and
0.03% Cr. In an exemplary embodiment, a yield point of the
tubular member is at most about 57.8 ksi prior to a radial
expansion and plastic deformation; and the yield point of the
tubular member is at least about 74.4 ksi after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, a yield point of the of the tubular member after a radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the tubular member prior to
the radial expansion and plastic deformation. In an exem-
plary embodiment, the anisotropy of the tubular member,
prior to a radial expansion and plastic deformation, is about
1.04. In an exemplary embodiment, the tubular member
includes a wellbore casing, a pipeline, or a structural sup-
port.

[0437] An expandable tubular member has been described
that includes a steel alloy including: 0.08% C, 0.82% Mn,
0.006% P, 0.003% S, 0.30% Si, 0.16% Cu, 0.05% Ni, and
0.05% Cr. In an exemplary embodiment, the anisotropy of
the tubular member, prior to a radial expansion and plastic
deformation, is about 1.92. In an exemplary embodiment,
the tubular member includes a wellbore casing, a pipeline, or
a structural support.

[0438] An expandable tubular member has been described
that includes a steel alloy including: 0.02% C, 1.31% Mn,
0.02% P, 0.001% S, 0.45% Si, 9.1% Ni, and 18.7% Cr. In an
exemplary embodiment, the anisotropy of the tubular mem-
ber, prior to a radial expansion and plastic deformation, is
about 1.34. In an exemplary embodiment, the tubular mem-
ber includes a wellbore casing, a pipeline, or a structural
support.

[0439] An expandable tubular member has been
described, wherein the yield point of the expandable tubular
member is at most about 46.9 ksi prior to a radial expansion
and plastic deformation; and wherein the yield point of the
expandable tubular member is at least about 65.9 ksi after
the radial expansion and plastic deformation. In an exem-
plary embodiment, the tubular member includes a wellbore
casing, a pipeline, or a structural support.

[0440] An expandable tubular member has been
described, wherein a yield point of the expandable tubular
member after a radial expansion and plastic deformation is
at least about 40% greater than the yield point of the
expandable tubular member prior to the radial expansion and
plastic deformation. In an exemplary embodiment, the tubu-
lar member includes a wellbore casing, a pipeline, or a
structural support.
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[0441] An expandable tubular member has been
described, wherein the anisotropy of the expandable tubular
member, prior to the radial expansion and plastic deforma-
tion, is at least about 1.48. In an exemplary embodiment, the
tubular member includes a wellbore casing, a pipeline, or a
structural support.

[0442] An expandable tubular member has been
described, wherein the yield point of the expandable tubular
member is at most about 57.8 ksi prior to the radial expan-
sion and plastic deformation; and wherein the yield point of
the expandable tubular member is at least about 74.4 ksi
after the radial expansion and plastic deformation. In an
exemplary embodiment, the tubular member includes a
wellbore casing, a pipeline, or a structural support.

[0443] An expandable tubular member has been
described, wherein the yield point of the expandable tubular
member after a radial expansion and plastic deformation is
at least about 28% greater than the yield point of the
expandable tubular member prior to the radial expansion and
plastic deformation. In an exemplary embodiment, the tubu-
lar member includes a wellbore casing, a pipeline, or a
structural support.

[0444] An expandable tubular member has been
described, wherein the anisotropy of the expandable tubular
member, prior to the radial expansion and plastic deforma-
tion, is at least about 1.04. In an exemplary embodiment, the
tubular member includes a wellbore casing, a pipeline, or a
structural support.

[0445] An expandable tubular member has been
described, wherein the anisotropy of the expandable tubular
member, prior to the radial expansion and plastic deforma-
tion, is at least about 1.92. In an exemplary embodiment, the
tubular member includes a wellbore casing, a pipeline, or a
structural support.

[0446] An expandable tubular member has been
described, wherein the anisotropy of the expandable tubular
member, prior to the radial expansion and plastic deforma-
tion, is at least about 1.34. In an exemplary embodiment, the
tubular member includes a wellbore casing, a pipeline, or a
structural support.

[0447] An expandable tubular member has been
described, wherein the anisotropy of the expandable tubular
member, prior to the radial expansion and plastic deforma-
tion, ranges from about 1.04 to about 1.92. In an exemplary
embodiment, the tubular member includes a wellbore cas-
ing, a pipeline, or a structural support.

[0448] An expandable tubular member has been
described, wherein the yield point of the expandable tubular
member, prior to the radial expansion and plastic deforma-
tion, ranges from about 47.6 ksi to about 61.7 ksi. In an
exemplary embodiment, the tubular member includes a
wellbore casing, a pipeline, or a structural support.

[0449] An expandable tubular member has been
described, wherein the expandability coefficient of the
expandable tubular member, prior to the radial expansion
and plastic deformation, is greater than 0.12. In an exem-
plary embodiment, the tubular member includes a wellbore
casing, a pipeline, or a structural support.

[0450] An expandable tubular member has been
described, wherein the expandability coefficient of the
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expandable tubular member is greater than the expandability
coeflicient of another portion of the expandable tubular
member. In an exemplary embodiment, the tubular member
includes a wellbore casing, a pipeline, or a structural sup-
port.

[0451] An expandable tubular member has been
described, wherein the tubular member has a higher ductility
and a lower yield point prior to a radial expansion and plastic
deformation than after the radial expansion and plastic
deformation. In an exemplary embodiment, the tubular
member includes a wellbore casing, a pipeline, or a struc-
tural support.

[0452] A method of radially expanding and plastically
deforming a tubular assembly including a first tubular mem-
ber coupled to a second tubular member has been described
that includes radially expanding and plastically deforming
the tubular assembly within a preexisting structure; and
using less power to radially expand each unit length of the
first tubular member than to radially expand each unit length
of'the second tubular member. In an exemplary embodiment,
the tubular member includes a wellbore casing, a pipeline, or
a structural support.

[0453] A system for radially expanding and plastically
deforming a tubular assembly including a first tubular mem-
ber coupled to a second tubular member has been described
that includes means for radially expanding the tubular
assembly within a preexisting structure; and means for using
less power to radially expand each unit length of the first
tubular member than required to radially expand each unit
length of the second tubular member. In an exemplary
embodiment, the tubular member includes a wellbore cas-
ing, a pipeline, or a structural support.

[0454] A method of manufacturing a tubular member has
been described that includes processing a tubular member
until the tubular member is characterized by one or more
intermediate characteristics; positioning the tubular member
within a preexisting structure; and processing the tubular
member within the preexisting structure until the tubular
member is characterized one or more final characteristics. In
an exemplary embodiment, the tubular member includes a
wellbore casing, a pipeline, or a structural support. In an
exemplary embodiment, the preexisting structure includes a
wellbore that traverses a subterranean formation. In an
exemplary embodiment, the characteristics are selected from
a group consisting of yield point and ductility. In an exem-
plary embodiment, processing the tubular member within
the preexisting structure until the tubular member is char-
acterized one or more final characteristics includes: radially
expanding and plastically deforming the tubular member
within the preexisting structure.

[0455] An apparatus has been described that includes an
expandable tubular assembly; and an expansion device
coupled to the expandable tubular assembly; wherein a
predetermined portion of the expandable tubular assembly
has a lower yield point than another portion of the expand-
able tubular assembly. In an exemplary embodiment, the
expansion device includes a rotary expansion device, an
axially displaceable expansion device, a reciprocating
expansion device, a hydroforming expansion device, and/or
an impulsive force expansion device. In an exemplary
embodiment, the predetermined portion of the tubular
assembly has a higher ductility and a lower yield point than
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another portion of the expandable tubular assembly. In an
exemplary embodiment, the predetermined portion of the
tubular assembly has a higher ductility than another portion
of the expandable tubular assembly. In an exemplary
embodiment, the predetermined portion of the tubular
assembly has a lower yield point than another portion of the
expandable tubular assembly. In an exemplary embodiment,
the predetermined portion of the tubular assembly includes
an end portion of the tubular assembly. In an exemplary
embodiment, the predetermined portion of the tubular
assembly includes a plurality of predetermined portions of
the tubular assembly. In an exemplary embodiment, the
predetermined portion of the tubular assembly includes a
plurality of spaced apart predetermined portions of the
tubular assembly. In an exemplary embodiment, the other
portion of the tubular assembly includes an end portion of
the tubular assembly. In an exemplary embodiment, the
other portion of the tubular assembly includes a plurality of
other portions of the tubular assembly. In an exemplary
embodiment, the other portion of the tubular assembly
includes a plurality of spaced apart other portions of the
tubular assembly. In an exemplary embodiment, the tubular
assembly includes a plurality of tubular members coupled to
one another by corresponding tubular couplings. In an
exemplary embodiment, the tubular couplings comprise the
predetermined portions of the tubular assembly; and wherein
the tubular members comprise the other portion of the
tubular assembly. In an exemplary embodiment, one or more
of the tubular couplings comprise the predetermined por-
tions of the tubular assembly. In an exemplary embodiment,
one or more of the tubular members comprise the predeter-
mined portions of the tubular assembly. In an exemplary
embodiment, the predetermined portion of the tubular
assembly defines one or more openings. In an exemplary
embodiment, one or more of the openings comprise slots. In
an exemplary embodiment, the anisotropy for the predeter-
mined portion of the tubular assembly is greater than 1 In an
exemplary embodiment, the anisotropy for the predeter-
mined portion of the tubular assembly is greater than 1. In
an exemplary embodiment, the strain hardening exponent
for the predetermined portion of the tubular assembly is
greater than 0.12. In an exemplary embodiment, the anisot-
ropy for the predetermined portion of the tubular assembly
is greater than 1; and wherein the strain hardening exponent
for the predetermined portion of the tubular assembly is
greater than 0.12. In an exemplary embodiment, the prede-
termined portion of the tubular assembly includes a first
steel alloy including: 0.065% C, 1.44% Mn, 0.01% P,
0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and 0.02% Cr. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the tubular assembly is at most about 46.9
ksi. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly is about 1.48.
In an exemplary embodiment, the predetermined portion of
the tubular assembly includes a second steel alloy including:
0.18% C, 1.28% Mn, 0.017% P, 0.004% S, 0.29% Si, 0.01%
Cu, 0.01% Ni, and 0.03% Cr. In an exemplary embodiment,
the yield point of the predetermined portion of the tubular
assembly is at most about 57.8 ksi. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
tubular assembly is about 1.04. In an exemplary embodi-
ment, the predetermined portion of the tubular assembly
includes a third steel alloy including: 0.08% C, 0.82% Mn,
0.006% P, 0.003% S, 0.30% Si, 0.16% Cu, 0.05% Ni, and
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0.05% Cr. In an exemplary embodiment, the anisotropy of
the predetermined portion of the tubular assembly is about
1.92. In an exemplary embodiment, the predetermined por-
tion of the tubular assembly includes a fourth steel alloy
including: 0.02% C, 1.31% Mn, 0.02% P, 0.001% S, 0.45%
Si, 9.1% Ni, and 18.7% Cr. In an exemplary embodiment,
the anisotropy of the predetermined portion of the tubular
assembly is at least about 1.34. In an exemplary embodi-
ment, the yield point of the predetermined portion of the
tubular assembly is at most about 46.9 ksi. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly is at least about 1.48. In an exemplary
embodiment, the yield point of the predetermined portion of
the tubular assembly is at most about 57.8 ksi. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the tubular assembly is at least about 1.04. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the tubular assembly is at least about 1.92. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the tubular assembly is at least about 1.34. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the tubular assembly ranges from about 1.04 to
about 1.92. In an exemplary embodiment, the yield point of
the predetermined portion of the tubular assembly ranges
from about 47.6 ksi to about 61.7 ksi. In an exemplary
embodiment, the expandability coefficient of the predeter-
mined portion of the tubular assembly is greater than 0.12.
In an exemplary embodiment, the expandability coeflicient
of the predetermined portion of the tubular assembly is
greater than the expandability coefficient of the other portion
of the tubular assembly. In an exemplary embodiment, the
tubular assembly includes a wellbore casing, a pipeline, or
a structural support. In an exemplary embodiment, the
carbon content of the predetermined portion of the tubular
assembly is less than or equal to 0.12 percent; and wherein
the carbon equivalent value for the predetermined portion of
the tubular assembly is less than 0.21. In an exemplary
embodiment, the carbon content of the predetermined por-
tion of the tubular assembly is greater than 0.12 percent; and
wherein the carbon equivalent value for the predetermined
portion of the tubular assembly is less than 0.36. In an
exemplary embodiment, a yield point of an inner tubular
portion of at least a portion of the tubular assembly is less
than a yield point of an outer tubular portion of the portion
of the tubular assembly. In an exemplary embodiment, the
yield point of the inner tubular portion of the tubular body
varies as a function of the radial position within the tubular
body. In an exemplary embodiment, the yield point of the
inner tubular portion of the tubular body varies in an linear
fashion as a function of the radial position within the tubular
body. In an exemplary embodiment, the yield point of the
inner tubular portion of the tubular body varies in an
non-linear fashion as a function of the radial position within
the tubular body. In an exemplary embodiment, the yield
point of the outer tubular portion of the tubular body varies
as a function of the radial position within the tubular body.
In an exemplary embodiment, the yield point of the outer
tubular portion of the tubular body varies in an linear fashion
as a function of the radial position within the tubular body.
In an exemplary embodiment, the yield point of the outer
tubular portion of the tubular body varies in an non-linear
fashion as a function of the radial position within the tubular
body. In an exemplary embodiment, the yield point of the
inner tubular portion of the tubular body varies as a function
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of the radial position within the tubular body; and wherein
the yield point of the outer tubular portion of the tubular
body varies as a function of the radial position within the
tubular body. In an exemplary embodiment, the yield point
of the inner tubular portion of the tubular body varies in a
linear fashion as a function of the radial position within the
tubular body; and wherein the yield point of the outer tubular
portion of the tubular body varies in a linear fashion as a
function of the radial position within the tubular body. In an
exemplary embodiment, the yield point of the inner tubular
portion of the tubular body varies in a linear fashion as a
function of the radial position within the tubular body; and
wherein the yield point of the outer tubular portion of the
tubular body varies in a non-linear fashion as a function of
the radial position within the tubular body. In an exemplary
embodiment, the yield point of the inner tubular portion of
the tubular body varies in a non-linear fashion as a function
of the radial position within the tubular body; and wherein
the yield point of the outer tubular portion of the tubular
body varies in a linear fashion as a function of the radial
position within the tubular body. In an exemplary embodi-
ment, the yield point of the inner tubular portion of the
tubular body varies in a non-linear fashion as a function of
the radial position within the tubular body; and wherein the
yield point of the outer tubular portion of the tubular body
varies in a non-linear fashion as a function of the radial
position within the tubular body. In an exemplary embodi-
ment, the rate of change of the yield point of the inner
tubular portion of the tubular body is different than the rate
of change of the yield point of the outer tubular portion of
the tubular body. In an exemplary embodiment, the rate of
change of the yield point of the inner tubular portion of the
tubular body is different than the rate of change of the yield
point of the outer tubular portion of the tubular body. In an
exemplary embodiment, at least a portion of the tubular
assembly comprises a microstructure comprising a hard
phase structure and a soft phase structure. In an exemplary
embodiment, prior to the radial expansion and plastic defor-
mation, at least a portion of the tubular assembly comprises
a microstructure comprising a transitional phase structure. In
an exemplary embodiment, wherein the hard phase structure
comprises martensite. In an exemplary embodiment,
wherein the soft phase structure comprises ferrite. In an
exemplary embodiment, wherein the transitional phase
structure comprises retained austentite. In an exemplary
embodiment, the hard phase structure comprises martensite;
wherein the soft phase structure comprises ferrite; and
wherein the transitional phase structure comprises retained
austentite. In an exemplary embodiment, the portion of the
tubular assembly comprising a microstructure comprising a
hard phase structure and a soft phase structure comprises, by
weight percentage, about 0.1% C, about 1.2% Mn, and about
0.3% Si. In an exemplary embodiment, at least a portion of
the tubular assembly comprises a microstructure comprising
a hard phase structure and a soft phase structure. In an
exemplary embodiment, the portion of the tubular assembly
comprises, by weight percentage, 0.065% C, 1.44% Mn,
0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, 0.02%
Cr, 0.05% V, 0.01% Mo, 0.01% Nb, and 0.01% Ti. In an
exemplary embodiment, the portion of the tubular assembly
comprises, by weight percentage, 0.18% C, 1.28% Mn,
0.017% P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, 0.03%
Cr, 0.04% V, 0.01% Mo, 0.03% Nb, and 0.01% Ti. In an
exemplary embodiment, the portion of the tubular assembly
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comprises, by weight percentage, 0.08% C, 0.82% Mn,
0.006% P, 0.003% S, 0.30% Si, 0.06% Cu, 0.05% Ni, 0.05%
Cr, 0.03% V, 0.03% Mo, 0.01% Nb, and 0.01% Ti. In an
exemplary embodiment, the portion of the tubular assembly
comprises a microstructure comprising one or more of the
following: martensite, pearlite, vanadium carbide, nickel
carbide, or titanium carbide. In an exemplary embodiment,
the portion of the tubular assembly comprises a microstruc-
ture comprising one or more of the following: pearlite or
pearlite striation. In an exemplary embodiment, the portion
of the tubular assembly comprises a microstructure com-
prising one or more of the following: grain pearlite, wid-
manstatten martensite, vanadium carbide, nickel carbide, or
titanium carbide. In an exemplary embodiment, the portion
of the tubular assembly comprises a microstructure com-
prising one or more of the following: ferrite, grain pearlite,
or martensite. In an exemplary embodiment, the portion of
the tubular assembly comprises a microstructure comprising
one or more of the following: ferrite, martensite, or bainite.
In an exemplary embodiment, the portion of the tubular
assembly comprises a microstructure comprising one or
more of the following: bainite, pearlite, or ferrite. In an
exemplary embodiment, the portion of the tubular assembly
comprises a yield strength of about 67 ksi and a tensile
strength of about 95 ksi. In an exemplary embodiment, the
portion of the tubular assembly comprises a yield strength of
about 82 ksi and a tensile strength of about 130 ksi. In an
exemplary embodiment, the portion of the tubular assembly
comprises a yield strength of about 60 ksi and a tensile
strength of about 97 ksi.

[0456] An expandable tubular member has been
described, wherein a yield point of the expandable tubular
member after a radial expansion and plastic deformation is
at least about 5.8% greater than the yield point of the
expandable tubular member prior to the radial expansion and
plastic deformation. In an exemplary embodiment, the tubu-
lar member includes a wellbore casing, a pipeline, or a
structural support.

[0457] A method of determining the expandability of a
selected tubular member has been described that includes
determining an anisotropy value for the selected tubular
member, determining a strain hardening value for the
selected tubular member; and multiplying the anisotropy
value times the strain hardening value to generate an
expandability value for the selected tubular member. In an
exemplary embodiment, an anisotropy value greater than
0.12 indicates that the tubular member is suitable for radial
expansion and plastic deformation. In an exemplary embodi-
ment, the tubular member includes a wellbore casing, a
pipeline, or a structural support.

[0458] A method of radially expanding and plastically
deforming tubular members has been described that includes
selecting a tubular member; determining an anisotropy value
for the selected tubular member; determining a strain hard-
ening value for the selected tubular member; multiplying the
anisotropy value times the strain hardening value to generate
an expandability value for the selected tubular member; and
if the anisotropy value is greater than 0.12, then radially
expanding and plastically deforming the selected tubular
member. In an exemplary embodiment, the tubular member
includes a wellbore casing, a pipeline, or a structural sup-
port. In an exemplary embodiment, radially expanding and
plastically deforming the selected tubular member includes:



US 2007/0163785 Al

inserting the selected tubular member into a preexisting
structure; and then radially expanding and plastically
deforming the selected tubular member. In an exemplary
embodiment, the preexisting structure includes a wellbore
that traverses a subterranean formation.

[0459] A radially expandable multiple tubular member
apparatus has been described that includes a first tubular
member; a second tubular member engaged with the first
tubular member forming a joint; a sleeve overlapping and
coupling the first and second tubular members at the joint;
the sleeve having opposite tapered ends and a flange
engaged in a recess formed in an adjacent tubular member;
and one of the tapered ends being a surface formed on the
flange. In an exemplary embodiment, the recess includes a
tapered wall in mating engagement with the tapered end
formed on the flange. In an exemplary embodiment, the
sleeve includes a flange at each tapered end and each tapered
end is formed on a respective flange. In an exemplary
embodiment, each tubular member includes a recess. In an
exemplary embodiment, each flange is engaged in a respec-
tive one of the recesses. In an exemplary embodiment, each
recess includes a tapered wall in mating engagement with
the tapered end formed on a respective one of the flanges.

[0460] A method of joining radially expandable multiple
tubular members has also been described that includes
providing a first tubular member; engaging a second tubular
member with the first tubular member to form a joint;
providing a sleeve having opposite tapered ends and a
flange, one of the tapered ends being a surface formed on the
flange; and mounting the sleeve for overlapping and cou-
pling the first and second tubular members at the joint,
wherein the flange is engaged in a recess formed in an
adjacent one of the tubular members. In an exemplary
embodiment, the method further includes providing a
tapered wall in the recess for mating engagement with the
tapered end formed on the flange. In an exemplary embodi-
ment, the method further includes providing a flange at each
tapered end wherein each tapered end is formed on a
respective flange. In an exemplary embodiment, the method
further includes providing a recess in each tubular member.
In an exemplary embodiment, the method further includes
engaging each flange in a respective one of the recesses. In
an exemplary embodiment, the method further includes
providing a tapered wall in each recess for mating engage-
ment with the tapered end formed on a respective one of the
flanges.

[0461] A radially expandable multiple tubular member
apparatus has been described that includes a first tubular
member; a second tubular member engaged with the first
tubular member forming a joint; and a sleeve overlapping
and coupling the first and second tubular members at the
joint; wherein at least a portion of the sleeve is comprised of
a frangible material.

[0462] A radially expandable multiple tubular member
apparatus has been described that includes a first tubular
member; a second tubular member engaged with the first
tubular member forming a joint; and a sleeve overlapping
and coupling the first and second tubular members at the
joint; wherein the wall thickness of the sleeve is variable.

[0463] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member; engaging a second tubular member
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with the first tubular member to form a joint; providing a
sleeve comprising a frangible material; and mounting the
sleeve for overlapping and coupling the first and second
tubular members at the joint.

[0464] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member; engaging a second tubular member
with the first tubular member to form a joint; providing a
sleeve comprising a variable wall thickness; and mounting
the sleeve for overlapping and coupling the first and second
tubular members at the joint.

[0465] An expandable tubular assembly has been
described that includes a first tubular member; a second
tubular member coupled to the first tubular member; and
means for increasing the axial compression loading capacity
of the coupling between the first and second tubular mem-
bers before and after a radial expansion and plastic defor-
mation of the first and second tubular members.

[0466] An expandable tubular assembly has been
described that includes a first tubular member; a second
tubular member coupled to the first tubular member; and
means for increasing the axial tension loading capacity of
the coupling between the first and second tubular members
before and after a radial expansion and plastic deformation
of the first and second tubular members.

[0467] An expandable tubular assembly has been
described that includes a first tubular member; a second
tubular member coupled to the first tubular member; and
means for increasing the axial compression and tension
loading capacity of the coupling between the first and
second tubular members before and after a radial expansion
and plastic deformation of the first and second tubular
members.

[0468] An expandable tubular assembly has been
described that includes a first tubular member; a second
tubular member coupled to the first tubular member; and
means for avoiding stress risers in the coupling between the
first and second tubular members before and after a radial
expansion and plastic deformation of the first and second
tubular members.

[0469] An expandable tubular assembly has been
described that includes a first tubular member; a second
tubular member coupled to the first tubular member; and
means for inducing stresses at selected portions of the
coupling between the first and second tubular members
before and after a radial expansion and plastic deformation
of the first and second tubular members.

[0470] In several exemplary embodiments of the appara-
tus described above, the sleeve is circumferentially ten-
sioned; and wherein the first and second tubular members
are circumferentially compressed.

[0471] In several exemplary embodiments of the method
described above, the method further includes maintaining
the sleeve in circumferential tension; and maintaining the
first and second tubular members in circumferential com-
pression before, during, and/or after the radial expansion and
plastic deformation of the first and second tubular members.

[0472] An expandable tubular assembly has been
described that includes a first tubular member, a second
tubular member coupled to the first tubular member, a first
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threaded connection for coupling a portion of the first and
second tubular members, a second threaded connection
spaced apart from the first threaded connection for coupling
another portion of the first and second tubular members, a
tubular sleeve coupled to and receiving end portions of the
first and second tubular members, and a sealing element
positioned between the first and second spaced apart
threaded connections for sealing an interface between the
first and second tubular member, wherein the sealing ele-
ment is positioned within an annulus defined between the
first and second tubular members. In an exemplary embodi-
ment, the annulus is at least partially defined by an irregular
surface. In an exemplary embodiment, the annulus is at least
partially defined by a toothed surface. In an exemplary
embodiment, the sealing element comprises an elastomeric
material. In an exemplary embodiment, the sealing element
comprises a metallic material. In an exemplary embodiment,
the sealing element comprises an elastomeric and a metallic
material.

[0473] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member, providing a second tubular member,
providing a sleeve, mounting the sleeve for overlapping and
coupling the first and second tubular members, threadably
coupling the first and second tubular members at a first
location, threadably coupling the first and second tubular
members at a second location spaced apart from the first
location, and sealing an interface between the first and
second tubular members between the first and second loca-
tions using a compressible sealing element. In an exemplary
embodiment, the sealing element includes an irregular sur-
face. In an exemplary embodiment, the sealing element
includes a toothed surface. In an exemplary embodiment, the
sealing element comprises an elastomeric material. In an
exemplary embodiment, the sealing element comprises a
metallic material. In an exemplary embodiment, the sealing
element comprises an elastomeric and a metallic material.

[0474] An expandable tubular assembly has been
described that includes a first tubular member, a second
tubular member coupled to the first tubular member, a first
threaded connection for coupling a portion of the first and
second tubular members, a second threaded connection
spaced apart from the first threaded connection for coupling
another portion of the first and second tubular members, and
a plurality of spaced apart tubular sleeves coupled to and
receiving end portions of the first and second tubular mem-
bers. In an exemplary embodiment, at least one of the
tubular sleeves is positioned in opposing relation to the first
threaded connection; and wherein at least one of the tubular
sleeves is positioned in opposing relation to the second
threaded connection. In an exemplary embodiment, at least
one of the tubular sleeves is not positioned in opposing
relation to the first and second threaded connections.

[0475] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member, providing a second tubular member,
threadably coupling the first and second tubular members at
a first location, threadably coupling the first and second
tubular members at a second location spaced apart from the
first location, providing a plurality of sleeves, and mounting
the sleeves at spaced apart locations for overlapping and
coupling the first and second tubular members. In an exem-
plary embodiment, at least one of the tubular sleeves is
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positioned in opposing relation to the first threaded cou-
pling; and wherein at least one of the tubular sleeves is
positioned in opposing relation to the second threaded
coupling. In an exemplary embodiment, at least one of the
tubular sleeves is not positioned in opposing relation to the
first and second threaded couplings.

[0476] An expandable tubular assembly has been
described that includes a first tubular member, a second
tubular member coupled to the first tubular member, and a
plurality of spaced apart tubular sleeves coupled to and
receiving end portions of the first and second tubular mem-
bers.

[0477] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member, providing a second tubular member,
providing a plurality of sleeves, coupling the first and second
tubular members, and mounting the sleeves at spaced apart
locations for overlapping and coupling the first and second
tubular members.

[0478] An expandable tubular assembly has been
described that includes a first tubular member, a second
tubular member coupled to the first tubular member, a
threaded connection for coupling a portion of the first and
second tubular members, and a tubular sleeves coupled to
and receiving end portions of the first and second tubular
members, wherein at least a portion of the threaded connec-
tion is upset. In an exemplary embodiment, at least a portion
of tubular sleeve penetrates the first tubular member.

[0479] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member, providing a second tubular member,
threadably coupling the first and second tubular members,
and upsetting the threaded coupling. In an exemplary
embodiment, the first tubular member further comprises an
annular extension extending therefrom, and the flange of the
sleeve defines an annular recess for receiving and mating
with the annular extension of the first tubular member. In an
exemplary embodiment, the first tubular member further
comprises an annular extension extending therefrom; and
the flange of the sleeve defines an annular recess for receiv-
ing and mating with the annular extension of the first tubular
member.

[0480] A radially expandable multiple tubular member
apparatus has been described that includes a first tubular
member, a second tubular member engaged with the first
tubular member forming a joint, a sleeve overlapping and
coupling the first and second tubular members at the joint,
and one or more stress concentrators for concentrating
stresses in the joint. In an exemplary embodiment, one or
more of the stress concentrators comprises one or more
external grooves defined in the first tubular member. In an
exemplary embodiment, one or more of the stress concen-
trators comprises one or more internal grooves defined in the
second tubular member. In an exemplary embodiment, one
or more of the stress concentrators comprises one or more
openings defined in the sleeve. In an exemplary embodi-
ment, one or more of the stress concentrators comprises one
or more external grooves defined in the first tubular member;
and one or more of the stress concentrators comprises one or
more internal grooves defined in the second tubular member.
In an exemplary embodiment, one or more of the stress
concentrators comprises one or more external grooves
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defined in the first tubular member; and one or more of the
stress concentrators comprises one or more openings defined
in the sleeve. In an exemplary embodiment, one or more of
the stress concentrators comprises one or more internal
grooves defined in the second tubular member; and one or
more of the stress concentrators comprises one or more
openings defined in the sleeve. In an exemplary embodi-
ment, one or more of the stress concentrators comprises one
or more external grooves defined in the first tubular member;
wherein one or more of the stress concentrators comprises
one or more internal grooves defined in the second tubular
member; and wherein one or more of the stress concentra-
tors comprises one or more openings defined in the sleeve.

[0481] A method of joining radially expandable multiple
tubular members has been described that includes providing
a first tubular member, engaging a second tubular member
with the first tubular member to form a joint, providing a
sleeve having opposite tapered ends and a flange, one of the
tapered ends being a surface formed on the flange, and
concentrating stresses within the joint. In an exemplary
embodiment, concentrating stresses within the joint com-
prises using the first tubular member to concentrate stresses
within the joint. In an exemplary embodiment, concentrating
stresses within the joint comprises using the second tubular
member to concentrate stresses within the joint. In an
exemplary embodiment, concentrating stresses within the
joint comprises using the sleeve to concentrate stresses
within the joint. In an exemplary embodiment, concentrating
stresses within the joint comprises using the first tubular
member and the second tubular member to concentrate
stresses within the joint. In an exemplary embodiment,
concentrating stresses within the joint comprises using the
first tubular member and the sleeve to concentrate stresses
within the joint. In an exemplary embodiment, concentrating
stresses within the joint comprises using the second tubular
member and the sleeve to concentrate stresses within the
joint. In an exemplary embodiment, concentrating stresses
within the joint comprises using the first tubular member, the
second tubular member, and the sleeve to concentrate
stresses within the joint.

[0482] A system for radially expanding and plastically
deforming a first tubular member coupled to a second
tubular member by a mechanical connection has been
described that includes means for radially expanding the first
and second tubular members, and means for maintaining
portions of the first and second tubular member in circum-
ferential compression following the radial expansion and
plastic deformation of the first and second tubular members.

[0483] A system for radially expanding and plastically
deforming a first tubular member coupled to a second
tubular member by a mechanical connection has been
described that includes means for radially expanding the first
and second tubular members; and means for concentrating
stresses within the mechanical connection during the radial
expansion and plastic deformation of the first and second
tubular members.

[0484] A system for radially expanding and plastically
deforming a first tubular member coupled to a second
tubular member by a mechanical connection has been
described that includes means for radially expanding the first
and second tubular members; means for maintaining por-
tions of the first and second tubular member in circumfer-
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ential compression following the radial expansion and plas-
tic deformation of the first and second tubular members; and
means for concentrating stresses within the mechanical
connection during the radial expansion and plastic deforma-
tion of the first and second tubular members.

[0485] A radially expandable tubular member apparatus
has been described that includes a first tubular member; a
second tubular member engaged with the first tubular mem-
ber forming a joint; and a sleeve overlapping and coupling
the first and second tubular members at the joint; wherein,
prior to a radial expansion and plastic deformation of the
apparatus, a predetermined portion of the apparatus has a
lower yield point than another portion of the apparatus. In an
exemplary embodiment, the carbon content of the predeter-
mined portion of the apparatus is less than or equal to 0.12
percent; and wherein the carbon equivalent value for the
predetermined portion of the apparatus is less than 0.21. In
an exemplary embodiment, the carbon content of the pre-
determined portion of the apparatus is greater than 0.12
percent; and wherein the carbon equivalent value for the
predetermined portion of the apparatus is less than 0.36. In
an exemplary embodiment, the apparatus further includes
means for maintaining portions of the first and second
tubular member in circumferential compression following
the radial expansion and plastic deformation of the first and
second tubular members. In an exemplary embodiment, the
apparatus further includes means for concentrating stresses
within the mechanical connection during the radial expan-
sion and plastic deformation of the first and second tubular
members. In an exemplary embodiment, the apparatus fur-
ther includes means for maintaining portions of the first and
second tubular member in circumferential compression fol-
lowing the radial expansion and plastic deformation of the
first and second tubular members; and means for concen-
trating stresses within the mechanical connection during the
radial expansion and plastic deformation of the first and
second tubular members. In an exemplary embodiment, the
apparatus further includes one or more stress concentrators
for concentrating stresses in the joint. In an exemplary
embodiment, one or more of the stress concentrators com-
prises one or more external grooves defined in the first
tubular member. In an exemplary embodiment, one or more
of the stress concentrators comprises one or more internal
grooves defined in the second tubular member. In an exem-
plary embodiment, one or more of the stress concentrators
comprises one or more openings defined in the sleeve. In an
exemplary embodiment, one or more of the stress concen-
trators comprises one or more external grooves defined in
the first tubular member; and wherein one or more of the
stress concentrators comprises one or more internal grooves
defined in the second tubular member. In an exemplary
embodiment, one or more of the stress concentrators com-
prises one or more external grooves defined in the first
tubular member; and wherein one or more of the stress
concentrators comprises one or more openings defined in the
sleeve. In an exemplary embodiment, one or more of the
stress concentrators comprises one or more internal grooves
defined in the second tubular member; and wherein one or
more of the stress concentrators comprises one or more
openings defined in the sleeve. In an exemplary embodi-
ment, one or more of the stress concentrators comprises one
or more external grooves defined in the first tubular member;
wherein one or more of the stress concentrators comprises
one or more internal grooves defined in the second tubular
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member; and wherein one or more of the stress concentra-
tors comprises one or more openings defined in the sleeve.
In an exemplary embodiment, the first tubular member
further comprises an annular extension extending therefrom;
and wherein the flange of the sleeve defines an annular
recess for receiving and mating with the annular extension
of the first tubular member. In an exemplary embodiment,
the apparatus further includes a threaded connection for
coupling a portion of the first and second tubular members;
wherein at least a portion of the threaded connection is
upset. In an exemplary embodiment, at least a portion of
tubular sleeve penetrates the first tubular member. In an
exemplary embodiment, the apparatus further includes
means for increasing the axial compression loading capacity
of the joint between the first and second tubular members
before and after a radial expansion and plastic deformation
of the first and second tubular members. In an exemplary
embodiment, the apparatus further includes means for
increasing the axial tension loading capacity of the joint
between the first and second tubular members before and
after a radial expansion and plastic deformation of the first
and second tubular members. In an exemplary embodiment,
the apparatus further includes means for increasing the axial
compression and tension loading capacity of the joint
between the first and second tubular members before and
after a radial expansion and plastic deformation of the first
and second tubular members. In an exemplary embodiment,
the apparatus further includes means for avoiding stress
risers in the joint between the first and second tubular
members before and after a radial expansion and plastic
deformation of the first and second tubular members. In an
exemplary embodiment, the apparatus further includes
means for inducing stresses at selected portions of the
coupling between the first and second tubular members
before and after a radial expansion and plastic deformation
of the first and second tubular members. In an exemplary
embodiment, the sleeve is circumferentially tensioned; and
wherein the first and second tubular members are circum-
ferentially compressed. In an exemplary embodiment, the
means for increasing the axial compression loading capacity
of the coupling between the first and second tubular mem-
bers before and after a radial expansion and plastic defor-
mation of the first and second tubular members is circum-
ferentially tensioned; and wherein the first and second
tubular members are circumferentially compressed. In an
exemplary embodiment, the means for increasing the axial
tension loading capacity of the coupling between the first
and second tubular members before and after a radial
expansion and plastic deformation of the first and second
tubular members is circumferentially tensioned; and
wherein the first and second tubular members are circum-
ferentially compressed. In an exemplary embodiment, the
means for increasing the axial compression and tension
loading capacity of the coupling between the first and
second tubular members before and after a radial expansion
and plastic deformation of the first and second tubular
members is circumferentially tensioned; and wherein the
first and second tubular members are circumferentially com-
pressed. In an exemplary embodiment, the means for avoid-
ing stress risers in the coupling between the first and second
tubular members before and after a radial expansion and
plastic deformation of the first and second tubular members
is circumferentially tensioned; and wherein the first and
second tubular members are circumferentially compressed.
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In an exemplary embodiment, the means for inducing
stresses at selected portions of the coupling between the first
and second tubular members before and after a radial
expansion and plastic deformation of the first and second
tubular members is circumferentially tensioned; and
wherein the first and second tubular members are circum-
ferentially compressed. In an exemplary embodiment, at
least a portion of the sleeve is comprised of a frangible
material. In an exemplary embodiment, the wall thickness of
the sleeve is variable. In an exemplary embodiment, the
predetermined portion of the apparatus has a higher ductility
and a lower yield point prior to the radial expansion and
plastic deformation than after the radial expansion and
plastic deformation. In an exemplary embodiment, the pre-
determined portion of the apparatus has a higher ductility
prior to the radial expansion and plastic deformation than
after the radial expansion and plastic deformation. In an
exemplary embodiment, the predetermined portion of the
apparatus has a lower yield point prior to the radial expan-
sion and plastic deformation than after the radial expansion
and plastic deformation. In an exemplary embodiment, the
predetermined portion of the apparatus has a larger inside
diameter after the radial expansion and plastic deformation
than other portions of the tubular assembly. In an exemplary
embodiment, the sleeve is circumferentially tensioned; and
wherein the first and second tubular members are circum-
ferentially compressed. In an exemplary embodiment, the
sleeve is circumferentially tensioned; and wherein the first
and second tubular members are circumferentially com-
pressed. In an exemplary embodiment, the apparatus further
includes positioning another apparatus within the preexist-
ing structure in overlapping relation to the apparatus; and
radially expanding and plastically deforming the other appa-
ratus within the preexisting structure; wherein, prior to the
radial expansion and plastic deformation of the apparatus, a
predetermined portion of the other apparatus has a lower
yield point than another portion of the other apparatus. In an
exemplary embodiment, the inside diameter of the radially
expanded and plastically deformed other portion of the
apparatus is equal to the inside diameter of the radially
expanded and plastically deformed other portion of the other
apparatus. In an exemplary embodiment, the predetermined
portion of the apparatus comprises an end portion of the
apparatus. In an exemplary embodiment, the predetermined
portion of the apparatus comprises a plurality of predeter-
mined portions of the apparatus. In an exemplary embodi-
ment, the predetermined portion of the apparatus comprises
a plurality of spaced apart predetermined portions of the
apparatus. In an exemplary embodiment, the other portion of
the apparatus comprises an end portion of the apparatus. In
an exemplary embodiment, the other portion of the appara-
tus comprises a plurality of other portions of the apparatus.
In an exemplary embodiment, the other portion of the
apparatus comprises a plurality of spaced apart other por-
tions of the apparatus. In an exemplary embodiment, the
apparatus comprises a plurality of tubular members coupled
to one another by corresponding tubular couplings. In an
exemplary embodiment, the tubular couplings comprise the
predetermined portions of the apparatus; and wherein the
tubular members comprise the other portion of the appara-
tus. In an exemplary embodiment, one or more of the tubular
couplings comprise the predetermined portions of the appa-
ratus. In an exemplary embodiment, one or more of the
tubular members comprise the predetermined portions of the
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apparatus. In an exemplary embodiment, the predetermined
portion of the apparatus defines one or more openings. In an
exemplary embodiment, one or more of the openings com-
prise slots. In an exemplary embodiment, the anisotropy for
the predetermined portion of the apparatus is greater than 1.
In an exemplary embodiment, the anisotropy for the prede-
termined portion of the apparatus is greater than 1. In an
exemplary embodiment, the strain hardening exponent for
the predetermined portion of the apparatus is greater than
0.12. In an exemplary embodiment, the anisotropy for the
predetermined portion of the apparatus is greater than 1; and
wherein the strain hardening exponent for the predetermined
portion of the apparatus is greater than 0.12. In an exemplary
embodiment, the predetermined portion of the apparatus
comprises a first steel alloy comprising: 0.065% C, 1.44%
Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and
0.02% Cr. In an exemplary embodiment, the yield point of
the predetermined portion of the apparatus is at most about
46.9 ksi prior to the radial expansion and plastic deforma-
tion; and wherein the yield point of the predetermined
portion of the apparatus is at least about 65.9 ksi after the
radial expansion and plastic deformation. In an exemplary
embodiment, the yield point of the predetermined portion of
the apparatus after the radial expansion and plastic defor-
mation is at least about 40% greater than the yield point of
the predetermined portion of the apparatus prior to the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
apparatus, prior to the radial expansion and plastic defor-
mation, is about 1.48. In an exemplary embodiment, the
predetermined portion of the apparatus comprises a second
steel alloy comprising: 0.18% C, 1.28% Mn, 0.017% P,
0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and 0.03% Cr. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the apparatus is at most about 57.8 ksi prior
to the radial expansion and plastic deformation; and wherein
the yield point of the predetermined portion of the apparatus
is at least about 74.4 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the apparatus after the radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the predetermined portion of
the apparatus prior to the radial expansion and plastic
deformation. In an exemplary embodiment, the anisotropy
of the predetermined portion of the apparatus, prior to the
radial expansion and plastic deformation, is about 1.04. In an
exemplary embodiment, the predetermined portion of the
apparatus comprises a third steel alloy comprising: 0.08% C,
0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16% Cu,
0.05% Ni, and 0.05% Cr. In an exemplary embodiment, the
anisotropy of the predetermined portion of the apparatus,
prior to the radial expansion and plastic deformation, is
about 1.92. In an exemplary embodiment, the predetermined
portion of the apparatus comprises a fourth steel alloy
comprising: 0.02% C, 1.31% Mn, 0.02% P, 0.001% S,
0.45% S1i, 9.1% Ni, and 18.7% Cr. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
apparatus, prior to the radial expansion and plastic defor-
mation, is about 1.34. In an exemplary embodiment, the
yield point of the predetermined portion of the apparatus is
at most about 46.9 ksi prior to the radial expansion and
plastic deformation; and wherein the yield point of the
predetermined portion of the apparatus is at least about 65.9
ksi after the radial expansion and plastic deformation. In an
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exemplary embodiment, the yield point of the predetermined
portion of the apparatus after the radial expansion and
plastic deformation is at least about 40% greater than the
yield point of the predetermined portion of the apparatus
prior to the radial expansion and plastic deformation. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the apparatus, prior to the radial expansion and
plastic deformation, is at least about 1.48. In an exemplary
embodiment, the yield point of the predetermined portion of
the apparatus is at most about 57.8 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the apparatus is at least
about 74.4 ksi after the radial expansion and plastic defor-
mation. In an exemplary embodiment, the yield point of the
predetermined portion of the apparatus after the radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the predetermined portion of
the apparatus prior to the radial expansion and plastic
deformation. In an exemplary embodiment, the anisotropy
of the predetermined portion of the apparatus, prior to the
radial expansion and plastic deformation, is at least about
1.04. In an exemplary embodiment, the anisotropy of the
predetermined portion of the apparatus, prior to the radial
expansion and plastic deformation, is at least about 1.92. In
an exemplary embodiment, the anisotropy of the predeter-
mined portion of the apparatus, prior to the radial expansion
and plastic deformation, is at least about 1.34. In an exem-
plary embodiment, the anisotropy of the predetermined
portion of the apparatus, prior to the radial expansion and
plastic deformation, ranges from about 1.04 to about 1.92. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the apparatus, prior to the radial expansion
and plastic deformation, ranges from about 47.6 ksi to about
61.7 ksi. In an exemplary embodiment, the expandability
coefficient of the predetermined portion of the apparatus,
prior to the radial expansion and plastic deformation, is
greater than 0.12. In an exemplary embodiment, the expand-
ability coefficient of the predetermined portion of the appa-
ratus is greater than the expandability coefficient of the other
portion of the apparatus. In an exemplary embodiment, the
apparatus comprises a wellbore casing. In an exemplary
embodiment, the apparatus comprises a pipeline. In an
exemplary embodiment, the apparatus comprises a structural
support.

[0486] A radially expandable tubular member apparatus
has been described that includes a first tubular member; a
second tubular member engaged with the first tubular mem-
ber forming a joint; a sleeve overlapping and coupling the
first and second tubular members at the joint; the sleeve
having opposite tapered ends and a flange engaged in a
recess formed in an adjacent tubular member; and one of the
tapered ends being a surface formed on the flange; wherein,
prior to a radial expansion and plastic deformation of the
apparatus, a predetermined portion of the apparatus has a
lower yield point than another portion of the apparatus. In an
exemplary embodiment, the recess includes a tapered wall in
mating engagement with the tapered end formed on the
flange. In an exemplary embodiment, the sleeve includes a
flange at each tapered end and each tapered end is formed on
a respective flange. In an exemplary embodiment, each
tubular member includes a recess. In an exemplary embodi-
ment, each flange is engaged in a respective one of the
recesses. In an exemplary embodiment, each recess includes
a tapered wall in mating engagement with the tapered end
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formed on a respective one of the flanges. In an exemplary
embodiment, the predetermined portion of the apparatus has
a higher ductility and a lower yield point prior to the radial
expansion and plastic deformation than after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the predetermined portion of the apparatus has a
higher ductility prior to the radial expansion and plastic
deformation than after the radial expansion and plastic
deformation. In an exemplary embodiment, the predeter-
mined portion of the apparatus has a lower yield point prior
to the radial expansion and plastic deformation than after the
radial expansion and plastic deformation. In an exemplary
embodiment, the predetermined portion of the apparatus has
a larger inside diameter after the radial expansion and plastic
deformation than other portions of the tubular assembly. In
an exemplary embodiment, the apparatus further includes
positioning another apparatus within the preexisting struc-
ture in overlapping relation to the apparatus; and radially
expanding and plastically deforming the other apparatus
within the preexisting structure; wherein, prior to the radial
expansion and plastic deformation of the apparatus, a pre-
determined portion of the other apparatus has a lower yield
point than another portion of the other apparatus. In an
exemplary embodiment, the inside diameter of the radially
expanded and plastically deformed other portion of the
apparatus is equal to the inside diameter of the radially
expanded and plastically deformed other portion of the other
apparatus. In an exemplary embodiment, the predetermined
portion of the apparatus comprises an end portion of the
apparatus. In an exemplary embodiment, the predetermined
portion of the apparatus comprises a plurality of predeter-
mined portions of the apparatus. In an exemplary embodi-
ment, the predetermined portion of the apparatus comprises
a plurality of spaced apart predetermined portions of the
apparatus. In an exemplary embodiment, the other portion of
the apparatus comprises an end portion of the apparatus. In
an exemplary embodiment, the other portion of the appara-
tus comprises a plurality of other portions of the apparatus.
In an exemplary embodiment, the other portion of the
apparatus comprises a plurality of spaced apart other por-
tions of the apparatus. In an exemplary embodiment, the
apparatus comprises a plurality of tubular members coupled
to one another by corresponding tubular couplings. In an
exemplary embodiment, the tubular couplings comprise the
predetermined portions of the apparatus; and wherein the
tubular members comprise the other portion of the appara-
tus. In an exemplary embodiment, one or more of the tubular
couplings comprise the predetermined portions of the appa-
ratus. In an exemplary embodiment, one or more of the
tubular members comprise the predetermined portions of the
apparatus. In an exemplary embodiment, the predetermined
portion of the apparatus defines one or more openings. In an
exemplary embodiment, one or more of the openings com-
prise slots. In an exemplary embodiment, the anisotropy for
the predetermined portion of the apparatus is greater than 1.
In an exemplary embodiment, the anisotropy for the prede-
termined portion of the apparatus is greater than 1. In an
exemplary embodiment, the strain hardening exponent for
the predetermined portion of the apparatus is greater than
0.12. In an exemplary embodiment, the anisotropy for the
predetermined portion of the apparatus is greater than 1; and
wherein the strain hardening exponent for the predetermined
portion of the apparatus is greater than 0.12. In an exemplary
embodiment, the predetermined portion of the apparatus
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comprises a first steel alloy comprising: 0.065% C, 1.44%
Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and
0.02% Cr. In an exemplary embodiment, the yield point of
the predetermined portion of the apparatus is at most about
46.9 ksi prior to the radial expansion and plastic deforma-
tion; and wherein the yield point of the predetermined
portion of the apparatus is at least about 65.9 ksi after the
radial expansion and plastic deformation. In an exemplary
embodiment, the yield point of the predetermined portion of
the apparatus after the radial expansion and plastic defor-
mation is at least about 40% greater than the yield point of
the predetermined portion of the apparatus prior to the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
apparatus, prior to the radial expansion and plastic defor-
mation, is about 1.48. In an exemplary embodiment, the
predetermined portion of the apparatus comprises a second
steel alloy comprising: 0.18% C, 1.28% Mn, 0.017% P,
0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and 0.03% Cr. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the apparatus is at most about 57.8 ksi prior
to the radial expansion and plastic deformation; and wherein
the yield point of the predetermined portion of the apparatus
is at least about 74.4 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the apparatus after the radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the predetermined portion of
the apparatus prior to the radial expansion and plastic
deformation. In an exemplary embodiment, the anisotropy
of the predetermined portion of the apparatus, prior to the
radial expansion and plastic deformation, is about 1.04. In an
exemplary embodiment, the predetermined portion of the
apparatus comprises a third steel alloy comprising: 0.08% C,
0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16% Cu,
0.05% Ni, and 0.05% Cr. In an exemplary embodiment, the
anisotropy of the predetermined portion of the apparatus,
prior to the radial expansion and plastic deformation, is
about 1.92. In an exemplary embodiment, the predetermined
portion of the apparatus comprises a fourth steel alloy
comprising: 0.02% C, 1.31% Mn, 0.02% P, 0.001% S,
0.45% Si, 9.1% Ni, and 18.7% Cr. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
apparatus, prior to the radial expansion and plastic defor-
mation, is about 1.34. In an exemplary embodiment, the
yield point of the predetermined portion of the apparatus is
at most about 46.9 ksi prior to the radial expansion and
plastic deformation; and wherein the yield point of the
predetermined portion of the apparatus is at least about 65.9
ksi after the radial expansion and plastic deformation. In an
exemplary embodiment, the yield point of the predetermined
portion of the apparatus after the radial expansion and
plastic deformation is at least about 40% greater than the
yield point of the predetermined portion of the apparatus
prior to the radial expansion and plastic deformation. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the apparatus, prior to the radial expansion and
plastic deformation, is at least about 1.48. In an exemplary
embodiment, the yield point of the predetermined portion of
the apparatus is at most about 57.8 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the apparatus is at least
about 74.4 ksi after the radial expansion and plastic defor-
mation. In an exemplary embodiment, the yield point of the
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predetermined portion of the apparatus after the radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the predetermined portion of
the apparatus prior to the radial expansion and plastic
deformation. In an exemplary embodiment, the anisotropy
of the predetermined portion of the apparatus, prior to the
radial expansion and plastic deformation, is at least about
1.04. In an exemplary embodiment, the anisotropy of the
predetermined portion of the apparatus, prior to the radial
expansion and plastic deformation, is at least about 1.92. In
an exemplary embodiment, the anisotropy of the predeter-
mined portion of the apparatus, prior to the radial expansion
and plastic deformation, is at least about 1.34. In an exem-
plary embodiment, the anisotropy of the predetermined
portion of the apparatus, prior to the radial expansion and
plastic deformation, ranges from about 1.04 to about 1.92. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the apparatus, prior to the radial expansion
and plastic deformation, ranges from about 47.6 ksi to about
61.7 ksi. In an exemplary embodiment, the expandability
coeflicient of the predetermined portion of the apparatus,
prior to the radial expansion and plastic deformation, is
greater than 0.12. In an exemplary embodiment, the expand-
ability coefficient of the predetermined portion of the appa-
ratus is greater than the expandability coefficient of the other
portion of the apparatus. In an exemplary embodiment, the
apparatus comprises a wellbore casing. In an exemplary
embodiment, the apparatus comprises a pipeline. In an
exemplary embodiment, the apparatus comprises a structural
support.

[0487] A method of joining radially expandable tubular
members has been provided that includes: providing a first
tubular member; engaging a second tubular member with the
first tubular member to form a joint; providing a sleeve;
mounting the sleeve for overlapping and coupling the first
and second tubular members at the joint; wherein the first
tubular member, the second tubular member, and the sleeve
define a tubular assembly; and radially expanding and
plastically deforming the tubular assembly; wherein, prior to
the radial expansion and plastic deformation, a predeter-
mined portion of the tubular assembly has a lower yield
point than another portion of the tubular assembly. In an
exemplary embodiment, the carbon content of the predeter-
mined portion of the tubular assembly is less than or equal
to 0.12 percent; and wherein the carbon equivalent value for
the predetermined portion of the tubular assembly is less
than 0.21. In an exemplary embodiment, the carbon content
of the predetermined portion of the tubular assembly is
greater than 0.12 percent; and wherein the carbon equivalent
value for the predetermined portion of the tubular assembly
is less than 0.36. In an exemplary embodiment, the method
further includes: maintaining portions of the first and second
tubular member in circumferential compression following a
radial expansion and plastic deformation of the first and
second tubular members. In an exemplary embodiment, the
method further includes: concentrating stresses within the
joint during a radial expansion and plastic deformation of
the first and second tubular members. In an exemplary
embodiment, the method further includes: maintaining por-
tions of the first and second tubular member in circumfer-
ential compression following a radial expansion and plastic
deformation of the first and second tubular members; and
concentrating stresses within the joint during a radial expan-
sion and plastic deformation of the first and second tubular
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members. In an exemplary embodiment, the method further
includes: concentrating stresses within the joint. In an exem-
plary embodiment, concentrating stresses within the joint
comprises using the first tubular member to concentrate
stresses within the joint. In an exemplary embodiment,
concentrating stresses within the joint comprises using the
second tubular member to concentrate stresses within the
joint. In an exemplary embodiment, concentrating stresses
within the joint comprises using the sleeve to concentrate
stresses within the joint. In an exemplary embodiment,
concentrating stresses within the joint comprises using the
first tubular member and the second tubular member to
concentrate stresses within the joint. In an exemplary
embodiment, concentrating stresses within the joint com-
prises using the first tubular member and the sleeve to
concentrate stresses within the joint. In an exemplary
embodiment, concentrating stresses within the joint com-
prises using the second tubular member and the sleeve to
concentrate stresses within the joint. In an exemplary
embodiment, concentrating stresses within the joint com-
prises using the first tubular member, the second tubular
member, and the sleeve to concentrate stresses within the
joint. In an exemplary embodiment, at least a portion of the
sleeve is comprised of a frangible material. In an exemplary
embodiment, the sleeve comprises a variable wall thickness.
In an exemplary embodiment, the method further includes
maintaining the sleeve in circumferential tension; and main-
taining the first and second tubular members in circumfer-
ential compression. In an exemplary embodiment, the
method further includes maintaining the sleeve in circum-
ferential tension; and maintaining the first and second tubu-
lar members in circumferential compression. In an exem-
plary embodiment, the method further includes: maintaining
the sleeve in circumferential tension; and maintaining the
first and second tubular members in circumferential com-
pression. In an exemplary embodiment, the method further
includes: threadably coupling the first and second tubular
members at a first location; threadably coupling the first and
second tubular members at a second location spaced apart
from the first location; providing a plurality of sleeves; and
mounting the sleeves at spaced apart locations for overlap-
ping and coupling the first and second tubular members. In
an exemplary embodiment, at least one of the tubular sleeves
is positioned in opposing relation to the first threaded
coupling; and wherein at least one of the tubular sleeves is
positioned in opposing relation to the second threaded
coupling. In an exemplary embodiment, at least one of the
tubular sleeves is not positioned in opposing relation to the
first and second threaded couplings. In an exemplary
embodiment, the method further includes: threadably cou-
pling the first and second tubular members; and upsetting the
threaded coupling. In an exemplary embodiment, the first
tubular member further comprises an annular extension
extending therefrom; and wherein the flange of the sleeve
defines an annular recess for receiving and mating with the
annular extension of the first tubular member. In an exem-
plary embodiment, the predetermined portion of the tubular
assembly has a higher ductility and a lower yield point prior
to the radial expansion and plastic deformation than after the
radial expansion and plastic deformation. In an exemplary
embodiment, the predetermined portion of the tubular
assembly has a higher ductility prior to the radial expansion
and plastic deformation than after the radial expansion and
plastic deformation. In an exemplary embodiment, the pre-



US 2007/0163785 Al

determined portion of the tubular assembly has a lower yield
point prior to the radial expansion and plastic deformation
than after the radial expansion and plastic deformation. In an
exemplary embodiment, the predetermined portion of the
tubular assembly has a larger inside diameter after the radial
expansion and plastic deformation than the other portion of
the tubular assembly. In an exemplary embodiment, the
method further includes: positioning another tubular assem-
bly within the preexisting structure in overlapping relation to
the tubular assembly; and radially expanding and plastically
deforming the other tubular assembly within the preexisting
structure; wherein, prior to the radial expansion and plastic
deformation of the tubular assembly, a predetermined por-
tion of the other tubular assembly has a lower yield point
than another portion of the other tubular assembly. In an
exemplary embodiment, the inside diameter of the radially
expanded and plastically deformed other portion of the
tubular assembly is equal to the inside diameter of the
radially expanded and plastically deformed other portion of
the other tubular assembly. In an exemplary embodiment,
the predetermined portion of the tubular assembly comprises
an end portion of the tubular assembly. In an exemplary
embodiment, the predetermined portion of the tubular
assembly comprises a plurality of predetermined portions of
the tubular assembly. In an exemplary embodiment, the
predetermined portion of the tubular assembly comprises a
plurality of spaced apart predetermined portions of the
tubular assembly. In an exemplary embodiment, the other
portion of the tubular assembly comprises an end portion of
the tubular assembly. In an exemplary embodiment, the
other portion of the tubular assembly comprises a plurality
of other portions of the tubular assembly. In an exemplary
embodiment, the other portion of the tubular assembly
comprises a plurality of spaced apart other portions of the
tubular assembly. In an exemplary embodiment, the tubular
assembly comprises a plurality of tubular members coupled
to one another by corresponding tubular couplings. In an
exemplary embodiment, the tubular couplings comprise the
predetermined portions of the tubular assembly; and wherein
the tubular members comprise the other portion of the
tubular assembly. In an exemplary embodiment, one or more
of the tubular couplings comprise the predetermined por-
tions of the tubular assembly. In an exemplary embodiment,
one or more of the tubular members comprise the predeter-
mined portions of the tubular assembly. In an exemplary
embodiment, the predetermined portion of the tubular
assembly defines one or more openings. In an exemplary
embodiment, one or more of the openings comprise slots. In
an exemplary embodiment, the anisotropy for the predeter-
mined portion of the tubular assembly is greater than 1. In
an exemplary embodiment, the anisotropy for the predeter-
mined portion of the tubular assembly is greater than 1. In
an exemplary embodiment, the strain hardening exponent
for the predetermined portion of the tubular assembly is
greater than 0.12. In an exemplary embodiment, the anisot-
ropy for the predetermined portion of the tubular assembly
is greater than 1; and wherein the strain hardening exponent
for the predetermined portion of the tubular assembly is
greater than 0.12. In an exemplary embodiment, the prede-
termined portion of the tubular assembly comprises a first
steel alloy comprising: 0.065% C, 1.44% Mn, 0.01% P,
0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and 0.02% Cr. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the tubular assembly is at most about 46.9
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ksi prior to the radial expansion and plastic deformation; and
wherein the yield point of the predetermined portion of the
tubular assembly is at least about 65.9 ksi after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the yield point of the predetermined portion of the
tubular assembly after the radial expansion and plastic
deformation is at least about 40% greater than the yield point
of the predetermined portion of the tubular assembly prior to
the radial expansion and plastic deformation. In an exem-
plary embodiment, the anisotropy of the predetermined
portion of the tubular assembly, prior to the radial expansion
and plastic deformation, is about 1.48. In an exemplary
embodiment, the predetermined portion of the tubular
assembly comprises a second steel alloy comprising: 0.18%
C, 1.28% Mn, 0.017% P, 0.004% S, 0.29% Si, 0.01% Cu,
0.01% Ni, and 0.03% Cr. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly is at most about 57.8 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the tubular assembly
is at least about 74.4 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the tubular assembly after
the radial expansion and plastic deformation is at least about
28% greater than the yield point of the predetermined
portion of the tubular assembly prior to the radial expansion
and plastic deformation. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.04. In an exemplary embodiment, the pre-
determined portion of the tubular assembly comprises a third
steel alloy comprising: 0.08% C, 0.82% Mn, 0.006% P,
0.003% S, 0.30% Si, 0.16% Cu, 0.05% Ni, and 0.05% Cr. In
an exemplary embodiment, the anisotropy of the predeter-
mined portion of the tubular assembly, prior to the radial
expansion and plastic deformation, is about 1.92. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises a fourth steel alloy comprising:
0.02% C, 1.31% Mn, 0.02% P, 0.001% S, 0.45% Si, 9.1%
Ni, and 18.7% Cr. In an exemplary embodiment, the anisot-
ropy of the predetermined portion of the tubular assembly,
prior to the radial expansion and plastic deformation, is
about 1.34. In an exemplary embodiment, the yield point of
the predetermined portion of the tubular assembly is at most
about 46.9 ksi prior to the radial expansion and plastic
deformation; and wherein the yield point of the predeter-
mined portion of the tubular assembly is at least about 65.9
ksi after the radial expansion and plastic deformation. In an
exemplary embodiment, the yield point of the predetermined
portion of the tubular assembly after the radial expansion
and plastic deformation is at least about 40% greater than the
yield point of the predetermined portion of the tubular
assembly prior to the radial expansion and plastic deforma-
tion. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is at least about
1.48. In an exemplary embodiment, the yield point of the
predetermined portion of the tubular assembly is at most
about 57.8 ksi prior to the radial expansion and plastic
deformation; and wherein the yield point of the predeter-
mined portion of the tubular assembly is at least about 74.4
ksi after the radial expansion and plastic deformation. In an
exemplary embodiment, the yield point of the predetermined
portion of the tubular assembly after the radial expansion
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and plastic deformation is at least about 28% greater than the
yield point of the predetermined portion of the tubular
assembly prior to the radial expansion and plastic deforma-
tion. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is at least about
1.04. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is at least about
1.92. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is at least about
1.34. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, ranges from about
1.04 to about 1.92. In an exemplary embodiment, the yield
point of the predetermined portion of the tubular assembly,
prior to the radial expansion and plastic deformation, ranges
from about 47.6 ksi to about 61.7 ksi. In an exemplary
embodiment, the expandability coefficient of the predeter-
mined portion of the tubular assembly, prior to the radial
expansion and plastic deformation, is greater than 0.12. In an
exemplary embodiment, the expandability coefficient of the
predetermined portion of the tubular assembly is greater
than the expandability coefficient of the other portion of the
tubular assembly. In an exemplary embodiment, the tubular
assembly comprises a wellbore casing. In an exemplary
embodiment, the tubular assembly comprises a pipeline. In
an exemplary embodiment, the tubular assembly comprises
a structural support.

[0488] A method of joining radially expandable tubular
members has been described that includes: providing a first
tubular member; engaging a second tubular member with the
first tubular member to form a joint; providing a sleeve
having opposite tapered ends and a flange, one of the tapered
ends being a surface formed on the flange; mounting the
sleeve for overlapping and coupling the first and second
tubular members at the joint, wherein the flange is engaged
in a recess formed in an adjacent one of the tubular mem-
bers; wherein the first tubular member, the second tubular
member, and the sleeve define a tubular assembly; and
radially expanding and plastically deforming the tubular
assembly; wherein, prior to the radial expansion and plastic
deformation, a predetermined portion of the tubular assem-
bly has a lower yield point than another portion of the
tubular assembly. In an exemplary embodiment, the method
further includes: providing a tapered wall in the recess for
mating engagement with the tapered end formed on the
flange. In an exemplary embodiment, the method further
includes: providing a flange at each tapered end wherein
each tapered end is formed on a respective flange. In an
exemplary embodiment, the method further includes: pro-
viding a recess in each tubular member. In an exemplary
embodiment, the method further includes: engaging each
flange in a respective one of the recesses. In an exemplary
embodiment, the method further includes: providing a
tapered wall in each recess for mating engagement with the
tapered end formed on a respective one of the flanges. In an
exemplary embodiment, the predetermined portion of the
tubular assembly has a higher ductility and a lower yield
point prior to the radial expansion and plastic deformation
than after the radial expansion and plastic deformation. In an
exemplary embodiment, the predetermined portion of the
tubular assembly has a higher ductility prior to the radial
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expansion and plastic deformation than after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the predetermined portion of the tubular assembly has
a lower yield point prior to the radial expansion and plastic
deformation than after the radial expansion and plastic
deformation. In an exemplary embodiment, the predeter-
mined portion of the tubular assembly has a larger inside
diameter after the radial expansion and plastic deformation
than the other portion of the tubular assembly. In an exem-
plary embodiment, the method further includes: positioning
another tubular assembly within the preexisting structure in
overlapping relation to the tubular assembly; and radially
expanding and plastically deforming the other tubular
assembly within the preexisting structure; wherein, prior to
the radial expansion and plastic deformation of the tubular
assembly, a predetermined portion of the other tubular
assembly has a lower yield point than another portion of the
other tubular assembly. In an exemplary embodiment, the
inside diameter of the radially expanded and plastically
deformed other portion of the tubular assembly is equal to
the inside diameter of the radially expanded and plastically
deformed other portion of the other tubular assembly. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises an end portion of the tubular
assembly. In an exemplary embodiment, the predetermined
portion of the tubular assembly comprises a plurality of
predetermined portions of the tubular assembly. In an exem-
plary embodiment, the predetermined portion of the tubular
assembly comprises a plurality of spaced apart predeter-
mined portions of the tubular assembly. In an exemplary
embodiment, the other portion of the tubular assembly
comprises an end portion of the tubular assembly. In an
exemplary embodiment, the other portion of the tubular
assembly comprises a plurality of other portions of the
tubular assembly. In an exemplary embodiment, the other
portion of the tubular assembly comprises a plurality of
spaced apart other portions of the tubular assembly. In an
exemplary embodiment, the tubular assembly comprises a
plurality of tubular members coupled to one another by
corresponding tubular couplings. In an exemplary embodi-
ment, the tubular couplings comprise the predetermined
portions of the tubular assembly; and wherein the tubular
members comprise the other portion of the tubular assembly.
In an exemplary embodiment, one or more of the tubular
couplings comprise the predetermined portions of the tubu-
lar assembly. In an exemplary embodiment, one or more of
the tubular members comprise the predetermined portions of
the tubular assembly. In an exemplary embodiment, the
predetermined portion of the tubular assembly defines one or
more openings. In an exemplary embodiment, one or more
of the openings comprise slots. In an exemplary embodi-
ment, the anisotropy for the predetermined portion of the
tubular assembly is greater than 1. In an exemplary embodi-
ment, the anisotropy for the predetermined portion of the
tubular assembly is greater than 1. In an exemplary embodi-
ment, the strain hardening exponent for the predetermined
portion of the tubular assembly is greater than 0.12. In an
exemplary embodiment, the anisotropy for the predeter-
mined portion of the tubular assembly is greater than 1; and
wherein the strain hardening exponent for the predetermined
portion of the tubular assembly is greater than 0.12. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises a first steel alloy comprising:
0.065% C, 1.44% Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01%
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Cu, 0.01% Ni, and 0.02% Cr. In an exemplary embodiment,
the yield point of the predetermined portion of the tubular
assembly is at most about 46.9 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the tubular assembly
is at least about 65.9 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the tubular assembly after
the radial expansion and plastic deformation is at least about
40% greater than the yield point of the predetermined
portion of the tubular assembly prior to the radial expansion
and plastic deformation. In an exemplary embodiment, the
anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.48. In an exemplary embodiment, the pre-
determined portion of the tubular assembly comprises a
second steel alloy comprising: 0.18% C, 1.28% Mn, 0.017%
P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and 0.03% Cr.
In an exemplary embodiment, the yield point of the prede-
termined portion of the tubular assembly is at most about
57.8 ksi prior to the radial expansion and plastic deforma-
tion; and wherein the yield point of the predetermined
portion of the tubular assembly is at least about 74.4 ksi after
the radial expansion and plastic deformation. In an exem-
plary embodiment, the yield point of the predetermined
portion of the tubular assembly after the radial expansion
and plastic deformation is at least about 28% greater than the
yield point of the predetermined portion of the tubular
assembly prior to the radial expansion and plastic deforma-
tion. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is about 1.04. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises a third steel alloy comprising:
0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16%
Cu, 0.05% Ni, and 0.05% Cr. In an exemplary embodiment,
the anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.92. In an exemplary embodiment, the pre-
determined portion of the tubular assembly comprises a
fourth steel alloy comprising: 0.02% C, 1.31% Mn, 0.02%
P, 0.001% S, 0.45% Si, 9.1% Ni, and 18.7% Cr. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the tubular assembly, prior to the radial expansion
and plastic deformation, is about 1.34. In an exemplary
embodiment, the yield point of the predetermined portion of
the tubular assembly is at most about 46.9 ksi prior to the
radial expansion and plastic deformation; and wherein the
yield point of the predetermined portion of the tubular
assembly is at least about 65.9 ksi after the radial expansion
and plastic deformation. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly after the radial expansion and plastic deformation
is at least about 40% greater than the yield point of the
predetermined portion of the tubular assembly prior to the
radial expansion and plastic deformation. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.48. In an exemplary
embodiment, the yield point of the predetermined portion of
the tubular assembly is at most about 57.8 ksi prior to the
radial expansion and plastic deformation; and wherein the
yield point of the predetermined portion of the tubular
assembly is at least about 74.4 ksi after the radial expansion

Jul. 19, 2007

and plastic deformation. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly after the radial expansion and plastic deformation
is at least about 28% greater than the yield point of the
predetermined portion of the tubular assembly prior to the
radial expansion and plastic deformation. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.04. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.92. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.34. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, ranges from about 1.04 to about 1.92. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the tubular assembly, prior to the radial
expansion and plastic deformation, ranges from about 47.6
ksi to about 61.7 ksi. In an exemplary embodiment, the
expandability coefficient of the predetermined portion of the
tubular assembly, prior to the radial expansion and plastic
deformation, is greater than 0.12. In an exemplary embodi-
ment, the expandability coeflicient of the predetermined
portion of the tubular assembly is greater than the expand-
ability coefficient of the other portion of the tubular assem-
bly. In an exemplary embodiment, the tubular assembly
comprises a wellbore casing. In an exemplary embodiment,
the tubular assembly comprises a pipeline. In an exemplary
embodiment, the tubular assembly comprises a structural
support.

[0489] An expandable tubular assembly has been
described that includes a first tubular member; a second
tubular member coupled to the first tubular member; a first
threaded connection for coupling a portion of the first and
second tubular members; a second threaded connection
spaced apart from the first threaded connection for coupling
another portion of the first and second tubular members; a
tubular sleeve coupled to and receiving end portions of the
first and second tubular members; and a sealing element
positioned between the first and second spaced apart
threaded connections for sealing an interface between the
first and second tubular member; wherein the sealing ele-
ment is positioned within an annulus defined between the
first and second tubular members; and wherein, prior to a
radial expansion and plastic deformation of the assembly, a
predetermined portion of the assembly has a lower yield
point than another portion of the apparatus. In an exemplary
embodiment, the predetermined portion of the assembly has
a higher ductility and a lower yield point prior to the radial
expansion and plastic deformation than after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the predetermined portion of the assembly has a
higher ductility prior to the radial expansion and plastic
deformation than after the radial expansion and plastic
deformation. In an exemplary embodiment, the predeter-
mined portion of the assembly has a lower yield point prior
to the radial expansion and plastic deformation than after the
radial expansion and plastic deformation. In an exemplary
embodiment, the predetermined portion of the assembly has
a larger inside diameter after the radial expansion and plastic
deformation than other portions of the tubular assembly. In
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an exemplary embodiment, the assembly further includes:
positioning another assembly within the preexisting struc-
ture in overlapping relation to the assembly; and radially
expanding and plastically deforming the other assembly
within the preexisting structure; wherein, prior to the radial
expansion and plastic deformation of the assembly, a pre-
determined portion of the other assembly has a lower yield
point than another portion of the other assembly. In an
exemplary embodiment, the inside diameter of the radially
expanded and plastically deformed other portion of the
assembly is equal to the inside diameter of the radially
expanded and plastically deformed other portion of the other
assembly. In an exemplary embodiment, the predetermined
portion of the assembly comprises an end portion of the
assembly. In an exemplary embodiment, the predetermined
portion of the assembly comprises a plurality of predeter-
mined portions of the assembly. In an exemplary embodi-
ment, the predetermined portion of the assembly comprises
a plurality of spaced apart predetermined portions of the
assembly. In an exemplary embodiment, the other portion of
the assembly comprises an end portion of the assembly. In
an exemplary embodiment, the other portion of the assembly
comprises a plurality of other portions of the assembly. In an
exemplary embodiment, the other portion of the assembly
comprises a plurality of spaced apart other portions of the
assembly. In an exemplary embodiment, the assembly com-
prises a plurality of tubular members coupled to one another
by corresponding tubular couplings. In an exemplary
embodiment, the tubular couplings comprise the predeter-
mined portions of the assembly; and wherein the tubular
members comprise the other portion of the assembly. In an
exemplary embodiment, one or more of the tubular cou-
plings comprise the predetermined portions of the assembly.
In an exemplary embodiment, one or more of the tubular
members comprise the predetermined portions of the assem-
bly. In an exemplary embodiment, the predetermined portion
of the assembly defines one or more openings. In an exem-
plary embodiment, one or more of the openings comprise
slots. In an exemplary embodiment, the anisotropy for the
predetermined portion of the assembly is greater than 1. In
an exemplary embodiment, the anisotropy for the predeter-
mined portion of the assembly is greater than 1. In an
exemplary embodiment, the strain hardening exponent for
the predetermined portion of the assembly is greater than
0.12. In an exemplary embodiment, the anisotropy for the
predetermined portion of the assembly is greater than 1; and
wherein the strain hardening exponent for the predetermined
portion of the assembly is greater than 0.12. In an exemplary
embodiment, the predetermined portion of the assembly
comprises a first steel alloy comprising: 0.065% C, 1.44%
Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, and
0.02% Cr. In an exemplary embodiment, the yield point of
the predetermined portion of the assembly is at most about
46.9 ksi prior to the radial expansion and plastic deforma-
tion; and wherein the yield point of the predetermined
portion of the assembly is at least about 65.9 ksi after the
radial expansion and plastic deformation. In an exemplary
embodiment, the yield point of the predetermined portion of
the assembly after the radial expansion and plastic defor-
mation is at least about 40% greater than the yield point of
the predetermined portion of the assembly prior to the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
assembly, prior to the radial expansion and plastic deforma-
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tion, is about 1.48. In an exemplary embodiment, the pre-
determined portion of the assembly comprises a second steel
alloy comprising: 0.18% C, 1.28% Mn, 0.017% P, 0.004%
S, 0.29% Si, 0.01% Cu, 0.01% Ni, and 0.03% Cr. In an
exemplary embodiment, the yield point of the predetermined
portion of the assembly is at most about 57.8 ksi prior to the
radial expansion and plastic deformation; and wherein the
yield point of the predetermined portion of the assembly is
at least about 74.4 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the assembly after the radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the predetermined portion of
the assembly prior to the radial expansion and plastic
deformation. In an exemplary embodiment, the anisotropy
of the predetermined portion of the assembly, prior to the
radial expansion and plastic deformation, is about 1.04. In an
exemplary embodiment, the predetermined portion of the
assembly comprises a third steel alloy comprising: 0.08% C,
0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16% Cu,
0.05% Ni, and 0.05% Cr. In an exemplary embodiment, the
anisotropy of the predetermined portion of the assembly,
prior to the radial expansion and plastic deformation, is
about 1.92. In an exemplary embodiment, the predetermined
portion of the assembly comprises a fourth steel alloy
comprising: 0.02% C, 1.31% Mn, 0.02% P, 0.001% S,
0.45% Si, 9.1% Ni, and 18.7% Cr. In an exemplary embodi-
ment, the anisotropy of the predetermined portion of the
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.34. In an exemplary embodiment, the yield
point of the predetermined portion of the assembly is at most
about 46.9 ksi prior to the radial expansion and plastic
deformation; and wherein the yield point of the predeter-
mined portion of the assembly is at least about 65.9 ksi after
the radial expansion and plastic deformation. In an exem-
plary embodiment, the yield point of the predetermined
portion of the assembly after the radial expansion and plastic
deformation is at least about 40% greater than the yield point
of the predetermined portion of the assembly prior to the
radial expansion and plastic deformation. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the assembly, prior to the radial expansion and plastic
deformation, is at least about 1.48. In an exemplary embodi-
ment, the yield point of the predetermined portion of the
assembly is at most about 57.8 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the assembly is at least
about 74.4 ksi after the radial expansion and plastic defor-
mation. In an exemplary embodiment, the yield point of the
predetermined portion of the assembly after the radial
expansion and plastic deformation is at least about 28%
greater than the yield point of the predetermined portion of
the assembly prior to the radial expansion and plastic
deformation. In an exemplary embodiment, the anisotropy
of the predetermined portion of the assembly, prior to the
radial expansion and plastic deformation, is at least about
1.04. In an exemplary embodiment, the anisotropy of the
predetermined portion of the assembly, prior to the radial
expansion and plastic deformation, is at least about 1.92. In
an exemplary embodiment, the anisotropy of the predeter-
mined portion of the assembly, prior to the radial expansion
and plastic deformation, is at least about 1.34. In an exem-
plary embodiment, the anisotropy of the predetermined
portion of the assembly, prior to the radial expansion and
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plastic deformation, ranges from about 1.04 to about 1.92. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the assembly, prior to the radial expansion
and plastic deformation, ranges from about 47.6 ksi to about
61.7 ksi. In an exemplary embodiment, the expandability
coeflicient of the predetermined portion of the assembly,
prior to the radial expansion and plastic deformation, is
greater than 0.12. In an exemplary embodiment, the expand-
ability coefficient of the predetermined portion of the assem-
bly is greater than the expandability coefficient of the other
portion of the assembly. In an exemplary embodiment, the
assembly comprises a wellbore casing. In an exemplary
embodiment, the assembly comprises a pipeline. In an
exemplary embodiment, the assembly comprises a structural
support. In an exemplary embodiment, the annulus is at least
partially defined by an irregular surface. In an exemplary
embodiment, the annulus is at least partially defined by a
toothed surface. In an exemplary embodiment, the sealing
element comprises an elastomeric material. In an exemplary
embodiment, the sealing element comprises a metallic mate-
rial. In an exemplary embodiment, the sealing element
comprises an elastomeric and a metallic material.

[0490] A method of joining radially expandable tubular
members is provided that includes providing a first tubular
member; providing a second tubular member; providing a
sleeve; mounting the sleeve for overlapping and coupling
the first and second tubular members; threadably coupling
the first and second tubular members at a first location;
threadably coupling the first and second tubular members at
a second location spaced apart from the first location;
sealing an interface between the first and second tubular
members between the first and second locations using a
compressible sealing element, wherein the first tubular
member, second tubular member, sleeve, and the sealing
element define a tubular assembly; and radially expanding
and plastically deforming the tubular assembly; wherein,
prior to the radial expansion and plastic deformation, a
predetermined portion of the tubular assembly has a lower
yield point than another portion of the tubular assembly. In
an exemplary embodiment, the sealing element includes an
irregular surface. In an exemplary embodiment, the sealing
element includes a toothed surface. In an exemplary embodi-
ment, the sealing element comprises an elastomeric material.
In an exemplary embodiment, the sealing element comprises
a metallic material. In an exemplary embodiment, the seal-
ing element comprises an elastomeric and a metallic mate-
rial. In an exemplary embodiment, the predetermined por-
tion of the tubular assembly has a higher ductility and a
lower yield point prior to the radial expansion and plastic
deformation than after the radial expansion and plastic
deformation. In an exemplary embodiment, the predeter-
mined portion of the tubular assembly has a higher ductility
prior to the radial expansion and plastic deformation than
after the radial expansion and plastic deformation. In an
exemplary embodiment, the predetermined portion of the
tubular assembly has a lower yield point prior to the radial
expansion and plastic deformation than after the radial
expansion and plastic deformation. In an exemplary embodi-
ment, the predetermined portion of the tubular assembly has
a larger inside diameter after the radial expansion and plastic
deformation than the other portion of the tubular assembly.
In an exemplary embodiment, the method further includes:
positioning another tubular assembly within the preexisting
structure in overlapping relation to the tubular assembly; and
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radially expanding and plastically deforming the other tubu-
lar assembly within the preexisting structure; wherein, prior
to the radial expansion and plastic deformation of the tubular
assembly, a predetermined portion of the other tubular
assembly has a lower yield point than another portion of the
other tubular assembly. In an exemplary embodiment, the
inside diameter of the radially expanded and plastically
deformed other portion of the tubular assembly is equal to
the inside diameter of the radially expanded and plastically
deformed other portion of the other tubular assembly. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises an end portion of the tubular
assembly. In an exemplary embodiment, the predetermined
portion of the tubular assembly comprises a plurality of
predetermined portions of the tubular assembly. In an exem-
plary embodiment, the predetermined portion of the tubular
assembly comprises a plurality of spaced apart predeter-
mined portions of the tubular assembly. In an exemplary
embodiment, the other portion of the tubular assembly
comprises an end portion of the tubular assembly. In an
exemplary embodiment, the other portion of the tubular
assembly comprises a plurality of other portions of the
tubular assembly. In an exemplary embodiment, the other
portion of the tubular assembly comprises a plurality of
spaced apart other portions of the tubular assembly. In an
exemplary embodiment, the tubular assembly comprises a
plurality of tubular members coupled to one another by
corresponding tubular couplings. In an exemplary embodi-
ment, the tubular couplings comprise the predetermined
portions of the tubular assembly; and wherein the tubular
members comprise the other portion of the tubular assembly.
In an exemplary embodiment, one or more of the tubular
couplings comprise the predetermined portions of the tubu-
lar assembly. In an exemplary embodiment, one or more of
the tubular members comprise the predetermined portions of
the tubular assembly. In an exemplary embodiment, the
predetermined portion of the tubular assembly defines one or
more openings. In an exemplary embodiment, one or more
of the openings comprise slots. In an exemplary embodi-
ment, the anisotropy for the predetermined portion of the
tubular assembly is greater than 1. In an exemplary embodi-
ment, the anisotropy for the predetermined portion of the
tubular assembly is greater than 1. In an exemplary embodi-
ment, the strain hardening exponent for the predetermined
portion of the tubular assembly is greater than 0.12. In an
exemplary embodiment, the anisotropy for the predeter-
mined portion of the tubular assembly is greater than 1; and
wherein the strain hardening exponent for the predetermined
portion of the tubular assembly is greater than 0.12. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises a first steel alloy comprising:
0.065% C, 1.44% Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01%
Cu, 0.01% Ni, and 0.02% Cr. In an exemplary embodiment,
the yield point of the predetermined portion of the tubular
assembly is at most about 46.9 ksi prior to the radial
expansion and plastic deformation; and wherein the yield
point of the predetermined portion of the tubular assembly
is at least about 65.9 ksi after the radial expansion and plastic
deformation. In an exemplary embodiment, the yield point
of the predetermined portion of the tubular assembly after
the radial expansion and plastic deformation is at least about
40% greater than the yield point of the predetermined
portion of the tubular assembly prior to the radial expansion
and plastic deformation. In an exemplary embodiment, the
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anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.48. In an exemplary embodiment, the pre-
determined portion of the tubular assembly comprises a
second steel alloy comprising: 0.18% C, 1.28% Mn, 0.017%
P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, and 0.03% Cr.
In an exemplary embodiment, the yield point of the prede-
termined portion of the tubular assembly is at most about
57.8 ksi prior to the radial expansion and plastic deforma-
tion; and wherein the yield point of the predetermined
portion of the tubular assembly is at least about 74.4 ksi after
the radial expansion and plastic deformation. In an exem-
plary embodiment, the yield point of the predetermined
portion of the tubular assembly after the radial expansion
and plastic deformation is at least about 28% greater than the
yield point of the predetermined portion of the tubular
assembly prior to the radial expansion and plastic deforma-
tion. In an exemplary embodiment, the anisotropy of the
predetermined portion of the tubular assembly, prior to the
radial expansion and plastic deformation, is about 1.04. In an
exemplary embodiment, the predetermined portion of the
tubular assembly comprises a third steel alloy comprising:
0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0.16%
Cu, 0.05% Ni, and 0.05% Cr. In an exemplary embodiment,
the anisotropy of the predetermined portion of the tubular
assembly, prior to the radial expansion and plastic deforma-
tion, is about 1.92. In an exemplary embodiment, the pre-
determined portion of the tubular assembly comprises a
fourth steel alloy comprising: 0.02% C, 1.31% Mn, 0.02%
P, 0.001% S, 0.45% Si, 9.1% Ni, and 18.7% Cr. In an
exemplary embodiment, the anisotropy of the predetermined
portion of the tubular assembly, prior to the radial expansion
and plastic deformation, is about 1.34. In an exemplary
embodiment, the yield point of the predetermined portion of
the tubular assembly is at most about 46.9 ksi prior to the
radial expansion and plastic deformation; and wherein the
yield point of the predetermined portion of the tubular
assembly is at least about 65.9 ksi after the radial expansion
and plastic deformation. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly after the radial expansion and plastic deformation
is at least about 40% greater than the yield point of the
predetermined portion of the tubular assembly prior to the
radial expansion and plastic deformation. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.48. In an exemplary
embodiment, the yield point of the predetermined portion of
the tubular assembly is at most about 57.8 ksi prior to the
radial expansion and plastic deformation; and wherein the
yield point of the predetermined portion of the tubular
assembly is at least about 74.4 ksi after the radial expansion
and plastic deformation. In an exemplary embodiment, the
yield point of the predetermined portion of the tubular
assembly after the radial expansion and plastic deformation
is at least about 28% greater than the yield point of the
predetermined portion of the tubular assembly prior to the
radial expansion and plastic deformation. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.04. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.92. In an exemplary
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embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, is at least about 1.34. In an exemplary
embodiment, the anisotropy of the predetermined portion of
the tubular assembly, prior to the radial expansion and
plastic deformation, ranges from about 1.04 to about 1.92. In
an exemplary embodiment, the yield point of the predeter-
mined portion of the tubular assembly, prior to the radial
expansion and plastic deformation, ranges from about 47.6
ksi to about 61.7 ksi. In an exemplary embodiment, the
expandability coefficient of the predetermined portion of the
tubular assembly, prior to the radial expansion and plastic
deformation, is greater than 0.12. In an exemplary embodi-
ment, the expandability coeflicient of the predetermined
portion of the tubular assembly is greater than the expand-
ability coefficient of the other portion of the tubular assem-
bly. In an exemplary embodiment, the tubular assembly
comprises a wellbore casing. In an exemplary embodiment,
the tubular assembly comprises a pipeline. In an exemplary
embodiment, the tubular assembly comprises a structural
support. In an exemplary embodiment, the sleeve comprises:
a plurality of spaced apart tubular sleeves coupled to and
receiving end portions of the first and second tubular mem-
bers. In an exemplary embodiment, the first tubular member
comprises a first threaded connection; wherein the second
tubular member comprises a second threaded connection;
wherein the first and second threaded connections are
coupled to one another; wherein at least one of the tubular
sleeves is positioned in opposing relation to the first
threaded connection; and wherein at least one of the tubular
sleeves is positioned in opposing relation to the second
threaded connection. In an exemplary embodiment, the first
tubular member comprises a first threaded connection;
wherein the second tubular member comprises a second
threaded connection; wherein the first and second threaded
connections are coupled to one another; and wherein at least
one of the tubular sleeves is not positioned in opposing
relation to the first and second threaded connections. In an
exemplary embodiment, the carbon content of the tubular
member is less than or equal to 0.12 percent; and wherein the
carbon equivalent value for the tubular member is less than
0.21. In an exemplary embodiment, the tubular member
comprises a wellbore casing.

[0491] An expandable tubular member has been
described, wherein the carbon content of the tubular member
is greater than 0.12 percent; and wherein the carbon equiva-
lent value for the tubular member is less than 0.36. In an
exemplary embodiment, the tubular member comprises a
wellbore casing.

[0492] A method of selecting tubular members for radial
expansion and plastic deformation has been described that
includes: selecting a tubular member from a collection of
tubular member; determining a carbon content of the
selected tubular member; determining a carbon equivalent
value for the selected tubular member; and if the carbon
content of the selected tubular member is less than or equal
to 0.12 percent and the carbon equivalent value for the
selected tubular member is less than 0.21, then determining
that the selected tubular member is suitable for radial
expansion and plastic deformation.

[0493] A method of selecting tubular members for radial
expansion and plastic deformation has been described that
includes: selecting a tubular member from a collection of
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tubular member; determining a carbon content of the
selected tubular member; determining a carbon equivalent
value for the selected tubular member; and if the carbon
content of the selected tubular member is greater than 0.12
percent and the carbon equivalent value for the selected
tubular member is less than 0.36, then determining that the
selected tubular member is suitable for radial expansion and
plastic deformation.

[0494] An expandable tubular member has been described
that includes: a tubular body; wherein a yield point of an
inner tubular portion of the tubular body is less than a yield
point of an outer tubular portion of the tubular body. In an
exemplary embodiment, the yield point of the inner tubular
portion of the tubular body varies as a function of the radial
position within the tubular body. In an exemplary embodi-
ment, the yield point of the inner tubular portion of the
tubular body varies in an linear fashion as a function of the
radial position within the tubular body. In an exemplary
embodiment, the yield point of the inner tubular portion of
the tubular body varies in an non-linear fashion as a function
of the radial position within the tubular body. In an exem-
plary embodiment, the yield point of the outer tubular
portion of the tubular body varies as a function of the radial
position within the tubular body. In an exemplary embodi-
ment, the yield point of the outer tubular portion of the
tubular body varies in an linear fashion as a function of the
radial position within the tubular body. In an exemplary
embodiment, the yield point of the outer tubular portion of
the tubular body varies in an non-linear fashion as a function
of the radial position within the tubular body. In an exem-
plary embodiment, the yield point of the inner tubular
portion of the tubular body varies as a function of the radial
position within the tubular body; and wherein the yield point
of the outer tubular portion of the tubular body varies as a
function of the radial position within the tubular body. In an
exemplary embodiment, the yield point of the inner tubular
portion of the tubular body varies in a linear fashion as a
function of the radial position within the tubular body; and
wherein the yield point of the outer tubular portion of the
tubular body varies in a linear fashion as a function of the
radial position within the tubular body. In an exemplary
embodiment, the yield point of the inner tubular portion of
the tubular body varies in a linear fashion as a function of the
radial position within the tubular body; and wherein the
yield point of the outer tubular portion of the tubular body
varies in a non-linear fashion as a function of the radial
position within the tubular body. In an exemplary embodi-
ment, the yield point of the inner tubular portion of the
tubular body varies in a non-linear fashion as a function of
the radial position within the tubular body; and wherein the
yield point of the outer tubular portion of the tubular body
varies in a linear fashion as a function of the radial position
within the tubular body. In an exemplary embodiment, the
yield point of the inner tubular portion of the tubular body
varies in a non-linear fashion as a function of the radial
position within the tubular body; and wherein the yield point
of the outer tubular portion of the tubular body varies in a
non-linear fashion as a function of the radial position within
the tubular body. In an exemplary embodiment, the rate of
change of the yield point of the inner tubular portion of the
tubular body is different than the rate of change of the yield
point of the outer tubular portion of the tubular body. In an
exemplary embodiment, the rate of change of the yield point
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of the inner tubular portion of the tubular body is different
than the rate of change of the yield point of the outer tubular
portion of the tubular body.

[0495] A method of manufacturing an expandable tubular
member has been described that includes: providing a tubu-
lar member; heat treating the tubular member; and quench-
ing the tubular member; wherein following the quenching,
the tubular member comprises a microstructure comprising
a hard phase structure and a soft phase structure. In an
exemplary embodiment, the provided tubular member com-
prises, by weight percentage, 0.065% C, 1.44% Mn, 0.01%
P, 0.002% S, 0.24% Si, 0.01% Cu, 0.01% Ni, 0.02% Cr,
0.05% V, 0.01% Mo, 0.01% Nb, and 0.01% Ti. In an
exemplary embodiment, the provided tubular member com-
prises, by weight percentage, 0.18% C, 1.28% Mn, 0.017%
P, 0.004% S, 0.29% Si, 0.01% Cu, 0.01% Ni, 0.03% Cr,
0.04% V, 0.01% Mo, 0.03% Nb, and 0.01% Ti. In an
exemplary embodiment, the provided tubular member com-
prises, by weight percentage, 0.08% C, 0.82% Mn, 0.006%
P, 0.003% S, 0.30% Si, 0.06% Cu, 0.05% Ni, 0.05% Cr,
0.03% V, 0.03% Mo, 0.01% Nb, and 0.01% Ti. In an
exemplary embodiment, the provided tubular member com-
prises a microstructure comprising one or more of the
following: martensite, pearlite, vanadium carbide, nickel
carbide, or titanium carbide. In an exemplary embodiment,
the provided tubular member comprises a microstructure
comprising one or more of the following: pearlite or pearlite
striation. In an exemplary embodiment, the provided tubular
member comprises a microstructure comprising one or more
of the following: grain pearlite, widmanstatten martensite,
vanadium carbide, nickel carbide, or titanium carbide. In an
exemplary embodiment, the heat treating comprises heating
the provided tubular member for about 10 minutes at 790°
C. In an exemplary embodiment, the quenching comprises
quenching the heat treated tubular member in water. In an
exemplary embodiment, following the quenching, the tubu-
lar member comprises a microstructure comprising one or
more of the following: ferrite, grain pearlite, or martensite.
In an exemplary embodiment, following the quenching, the
tubular member comprises a microstructure comprising one
or more of the following: ferrite, martensite, or bainite. In an
exemplary embodiment, following the quenching, the tubu-
lar member comprises a microstructure comprising one or
more of the following: bainite, pearlite, or ferrite. In an
exemplary embodiment, following the quenching, the tubu-
lar member comprises a yield strength of about 67 ksi and
a tensile strength of about 95 ksi. In an exemplary embodi-
ment, following the quenching, the tubular member com-
prises a yield strength of about 82 ksi and a tensile strength
of about 130 ksi. In an exemplary embodiment, following
the quenching, the tubular member comprises a yield
strength of about 60 ksi and a tensile strength of about 97
ksi. In an exemplary embodiment, the method further
includes: positioning the quenched tubular member within a
preexisting structure; and radially expanding and plastically
deforming the tubular member within the preexisting struc-
ture.

[0496] A method for manufacturing an expandable tubular
member has been described that includes providing a tubular
member, heat treating the tubular member, quenching the
tubular member, and cold working the tubular member,
whereby upon cold working, the yield strength of the
material is increased. In an exemplary embodiment, the
tubular member is a connection for an expandable tubular
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member. In an exemplary embodiment, the yield strength
increases from approximately 35 ksi to 80 ksi.

[0497] A method for expanding an expandable tubular
member has been described that includes providing a tubular
member, lubricating the tubular member, and expanding the
tubular member. In an exemplary embodiment, the tubular
member is a connection for an expandable tubular member.

[0498] A method for formability evaluation has been
described that includes providing a tubular member, mea-
suring a plurality of stress and strain property parameters for
the tubular member, measuring a Charpy V-notch impact
value parameter for the tubular member, measuring a stress
rupture parameter for the tubular member, measuring a
strain hardening exponent parameter for the tubular member,
measuring a plastic strain ratio parameter for the tubular
member, comparing the parameters measured for first tubu-
lar member to a plurality of parameters measured for a
second tubular member, and selecting the first or second
tubular member to manufacture an expandable tubular mem-
ber. In an exemplary embodiment, the stress rupture param-
eter includes a parameter for burst. In an exemplary embodi-
ment, the stress rupture parameter includes a parameter for
collapse. In an exemplary embodiment, a tubular member
with a plastic strain ratio parameter of greater than 1.0 will
be more resistant to thinning and better suited to tubular
expansion.

[0499] An expandable tubular member has been described
that includes a tensile strength in the range of 60 ksi to 120
ksi, a yield strength in the range of 40 ksi to 100 ksi, a yield
strength to tensile strength ratio in the range of 50% to 85%,
a minimum elongation of 35%, a minimum width reduction
of 40%, a minimum thickness reduction of 30%, and a
minimum anisotropy of 1.5. In an exemplary embodiment,
the expandable tubular member further includes a minimum
flare expansion of 45%. In an exemplary embodiment, the
expandable tubular member further includes a minimum
absorbed energy at negative 4 degrees Fahrenheit of 80 ft-1bs
in the longitudinal direction, 60 ft-lbs in the transverse
direction, and 60 ft lbs in the transverse weld area.

[0500] A method for transforming the yield strength of an
expandable tubular member has been described that includes
providing a manufactured tubular member, cold rolling the
tubular member, inter-critical annealing the tubular member,
expanding the tubular member, and heating the tubular
member. In an exemplary embodiment, the tubular member
comprises a dual steel composition comprising, by weight
percentage, 0.12% C, 0.4% Si, 1.5% Mn, and 0.02% Nb.

[0501] An expandable tubular member has been described
that includes a tensile strength in the range of 80 ksi to 100
ksi, a yield strength in the range of 60 ksi to 90 ksi, a
maximum yield strength to tensile strength ratio of 85%, a
minimum elongation of 22%, a minimum width reduction of
30%, a minimum thickness reduction of 35%, and a mini-
mum anisotropy of 0.8. In an exemplary embodiment, the
expandable tubular member further includes a minimum
flare expansion of 45%. In an exemplary embodiment, the
expandable tubular member further includes a minimum
absorbed energy at negative 4 degrees Fahrenheit of 80 ft-1bs
in a longitudinal direction, 60 ft-1bs in a transverse direction,
and 60 ft Ibs in a transverse weld area.

[0502] An expandable tubular member has been described
that includes a tensile strength in the range of 60 ksi to 120
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ksi, a yield strength in the range of 40 ksi to 100 ksi, a yield
strength to tensile strength ratio in the range of 50% to 85%,
a minimum elongation of 35%, a minimum width reduction
of 40%, a minimum thickness reduction of 30%, and a
minimum anisotropy of 1.5. In an exemplary embodiment,
the expandable tubular member further includes a minimum
flare expansion of 75%. In an exemplary embodiment, the
expandable tubular member further includes a minimum
absorbed energy at negative 4 degrees Fahrenheit of 80 ft-1bs
in a longitudinal direction, 60 ft-1bs in a transverse direction,
and 60 ft Ibs in a transverse weld area.

[0503] A method for transforming the yield strength of an
expandable tubular member has been described that includes
providing a manufactured tubular member, inter-critical
annealing the tubular member, expanding the tubular mem-
ber, and heating the tubular member.

[0504] An expandable tubular member has been described
that includes a yield strength of approximately 76 ksi, a
tensile strength of approximately 82 ksi, and an elongation
of approximately 32%.

[0505] An expandable tubular member has been described
that includes a surface, a self lubricating hard coating on the
surface, and a self lubricating soft coating on the surface. In
an exemplary embodiment, the self-lubricating soft coating
comprises film grease. In an exemplary embodiment, the self
lubricating soft coating comprises a lubricated mud. In an
exemplary embodiment, the self lubricating soft coating
comprises a film grease and a lubricated mud. In an exem-
plary embodiment, the member comprises a friction coeffi-
cient of not more than 0.05. In an exemplary embodiment,
the member comprises a friction coefficient of approxi-
mately 0.05. In an exemplary embodiment, the member
comprises a friction coefficient of approximately 0.075. In
an exemplary embodiment, the member comprises a friction
coeflicient of approximately 0.1. In an exemplary embodi-
ment, the member comprises a friction coeflicient of
approximately 0.125.

[0506] An expandable tubular member has been described
that includes a yield strength in the range of 40 ksi to 80 ksi,
a maximum Yyield strength to tensile strength ratio of 0.5, a
minimum elongation of 30%, a minimum width reduction of
45%, a minimum wall thickness reduction of 30%, and a
minimum anisotropy of 1.5.

[0507] An expandable tubular member has been described
that includes a friction coefficient of 0.02, whereby the
member may be expanded by a force below 100000 lbs. In
an exemplary embodiment, the member has approximately
a 6 inch diameter.

[0508] An expandable tubular member has been described
that includes a lubricant resulting in a friction coefficient of
0.125, a wall thickness of approximately 0.305 inches, and
an expansion force of approximately 146000 Ibs, wherein
the expansion force allows a diameter to thickness ratio of
approximately 25 and a collapse strength of approximately
2400 ksi.

[0509] An expandable tubular member has been described
that includes a lubricant resulting in a friction coefficient of
0.075, a wall thickness of approximately 0.350 inches, and
an expansion force of approximately 143000 Ibs, wherein
the expansion force allows a diameter to thickness ratio of
approximately 22 and a collapse strength of approximately
3250 ksi.
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[0510] An expandable tubular member has been described
that includes a lubricant resulting in a friction coefficient of
0.02, a wall thickness of approximately 0.450 inches, and an
expansion force of approximately 150000 1bs, wherein the
expansion force allows a diameter to thickness ratio of
approximately 17 and a collapse strength of approximately
5800 ksi.

[0511] An expandable tubular member has been described
that includes a lubricant resulting in a friction coefficient of
0.02, a wall thickness of approximately 0.5 inches, and an
expansion force of approximately 126000 1bs, wherein the
expansion force allows a diameter to thickness ratio of
approximately 15 and a collapse strength of approximately
5350 ksi. In an exemplary embodiment, the member
includes a 55 ksi steel.

[0512] An expandable tubular member has been described
that includes a lubricant resulting in a friction coefficient of
0.02, a wall thickness of approximately 0.5 inches, and an
expansion force of approximately 127000 1bs, wherein the
expansion force allows a diameter to thickness ratio of
approximately 15 and a collapse strength of approximately
8400 ksi. In an exemplary embodiment, the member
includes a steel with a 55 ksi yield before expansion and a
100 ksi yield after expansion.

[0513] An expandable tubular member has been described
that includes a composition, by weight percentage, of
0.065% C, 1.44% Mn, 0.01% P, 0.002% S, 0.24% Si, 0.01%
Cu, 0.01% Ni, 0.02% Cr, 0.04% V, 0.01% Mo, 0.03% Nb,
and 0.01% Ti.

[0514] An expandable tubular member has been described
that includes a composition, by weight percentage, 0f 0.18%
C, 1.28% Mn, 0.017% P, 0.004% S, 0.29% Si, 0.01% Cu,
0.01% Ni, 0.03% Cr, 0.03% V, 0.03% Mo, 0.01% Nb, and
0.01% Ti.

[0515] An expandable tubular member has been described
that includes a composition, by weight percentage, of 0.08%
C, 0.82% Mn, 0.006% P, 0.003% S, 0.3% Si, 0.16% Cu,
0.05% Ni, 0.05% Cr, 0.06% V, 0.01% Mo, 0.03% Nb, and
0.01% Ti.

[0516] An expandable tubular member has been described
that includes a composition, by weight percentage, 0o 0.03%
C, 1.48% Mn, 0.014% P, 0.002% S, 0.16% Si, 0.02% Cu,
0.01% Ni, 0.02% Cr, 0.06% V, 0.01% Mo, 0.03% Nb, and
0.01% Ti.

[0517] An expandable tubular member has been described
that includes, after a 16% expansion, approximately a 21%
change in yield strength, approximately a 24% change in
yield ratio, approximately a 18% change in elongation
percentage, approximately a 8% change in width reduction
percentage, approximately a 15% change in wall thickness
reduction percentage, and approximately a 4% change in
anisotropy.

[0518] An expandable tubular member has been described
that includes, after a 15.6% expansion, approximately a 70%
change in yield strength, approximately a 25% change in
yield ratio, approximately a 67% change in elongation
percentage, approximately a 28% change in width reduction
percentage, approximately a 7% change in wall thickness
reduction percentage, and approximately a 75% change in
anisotropy.
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[0519] An expandable tubular member has been described
that includes, after a 24% expansion, approximately a 5%
change in yield strength, approximately a 11% change in
yield ratio, approximately a 20% change in elongation
percentage, approximately a 43% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 52% change in
anisotropy.

[0520] An expandable tubular member has been described
that includes, after a 24% expansion, approximately a 10%
change in yield strength, approximately a 3% change in
yield ratio, approximately a 30% change in elongation
percentage, approximately a 13% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 17% change in
anisotropy.

[0521] An expandable tubular member has been described
that includes, after a 24% expansion, approximately a 46%
change in yield strength, approximately a 20% change in
yield ratio, approximately a 91% change in elongation
percentage, approximately a 15% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 18% change in
anisotropy.

[0522] An expandable tubular member has been described
that includes, after a 16% expansion, approximately a 38%
change in yield strength, approximately a 20% change in
yield ratio, approximately a 11% change in elongation
percentage, approximately a 9% change in width reduction
percentage, approximately a 4% change in wall thickness
reduction percentage, and approximately a 4% change in
anisotropy.

[0523] An expandable tubular member has been described
that includes, after a 24% expansion, approximately a 31%
change in yield strength, approximately a 14% change in
yield ratio, approximately a 48% change in elongation
percentage, approximately a 13% change in width reduction
percentage, approximately a 2% change in wall thickness
reduction percentage, and approximately a 12% change in
anisotropy.

[0524] An expandable tubular member has been described
that includes, after a 24% expansion, approximately a 38%
change in yield strength, approximately a 21% change in
yield ratio, approximately a 55% change in elongation
percentage, approximately a 16% change in width reduction
percentage, approximately a 9% change in wall thickness
reduction percentage, and approximately a 13% change in
anisotropy.

[0525] An expandable tubular member has been described
that includes, after a 16% expansion, approximately a 33%
change in yield strength, approximately a 26% change in
yield ratio, approximately a 30% change in elongation
percentage, approximately a 15% change in width reduction
percentage, approximately a 9% change in wall thickness
reduction percentage, and approximately a 10% change in
anisotropy.

[0526] An expandable tubular member has been described
that includes, after a 24% expansion, approximately a 41%
change in yield strength, approximately a 27% change in
yield ratio, approximately a 40% change in elongation
percentage, approximately a 21% change in width reduction
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percentage, approximately a 16% change in wall thickness
reduction percentage, and approximately a 5% change in
anisotropy.

[0527] An expandable tubular member has been described
that includes a tensile strength of approximately 80 ksi after
16% expansion, and a tensile strength of approximately 82
ksi after 24% expansion.

[0528] An expandable tubular member has been described
that includes a tensile strength of approximately 82 ksi after
16% expansion, and a tensile strength of approximately 88
ksi after 24% expansion.

[0529] An expandable tubular member has been described
that includes a tensile strength of approximately 80 ksi
before expansion, a tensile strength of approximately 90 ksi
after 16% expansion, and a tensile strength of approximately
92 ksi after 24% expansion.

[0530] An expandable tubular member has been described
that includes a tensile strength of approximately 115 ksi
before expansion, a tensile strength of approximately 120
ksi after 15.2% expansion, and a tensile strength of approxi-
mately 121 ksi after 25.2% expansion.

[0531] An expandable tubular member has been described
that includes a tensile strength of approximately 100 ksi
before expansion, and a tensile strength of approximately
126 ksi after 31.3% expansion.

[0532] An expandable tubular member has been described
that includes a tensile strength of approximately 114 ksi
before expansion, and a tensile strength of approximately
140 ksi after 15.6% expansion.

[0533] An expandable tubular member has been described
that includes, upon quenching in water at approximately
775° C., a tensile strength of 94 ksi and a yield strength of
56 ksi.

[0534] An expandable tubular member has been described
that includes, upon quenching in water at approximately
790° C., a tensile strength of 94 ksi and a yield strength of
59 ksi.

[0535] An expandable tubular member has been described
that includes, upon quenching in water at approximately
735° C., a tensile strength of 94 ksi and a yield strength of
59 ksi.

[0536] An expandable tubular member has been described
that includes, upon quenching in oil at approximately 775°
C., a tensile strength of 84 ksi and a yield strength of 49 ksi.

[0537] An expandable tubular member has been described
that includes, upon quenching in oil at approximately 820°
C., a tensile strength of 82 ksi and a yield strength of 61 ksi.

[0538] An expandable tubular member has been described
that includes, upon quenching in oil at approximately 750°
C., atensile strength of 109 ksi and a yield strength of 58 ksi.

[0539] An expandable tubular member has been described
that includes, by weight percentage, 0.1% C, 1.5% Mn, and
0.3% Si. In an exemplary embodiment, the member further
includes martensite in the range of 15% to 30%.

[0540] An expandable tubular member has been described
that includes a yield strength of approximately 80 ksi, a yield
strength to tensile strength ratio of approximately 0.86, a
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longitudinal elongation of approximately 14.8%, a width
reduction of approximately 38%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
0.87.

[0541] An expandable tubular member has been described
that includes a yield strength of approximately 81 ksi, a yield
strength to tensile strength ratio of approximately 0.83, a
longitudinal elongation of approximately 14.9%, a width
reduction of approximately 38%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
0.83.

[0542] An expandable tubular member has been described
that includes a yield strength of approximately 79 ksi, a yield
strength to tensile strength ratio of approximately 0.82, a
longitudinal elongation of approximately 15.9%, a width
reduction of approximately 44%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
1.03.

[0543] An expandable tubular member has been described
that includes a yield strength of approximately 80 ksi, a yield
strength to tensile strength ratio of approximately 0.83, a
longitudinal elongation of approximately 15.3%, a width
reduction of approximately 40%, a wall thickness reduction
of approximately 43%, and an anisotropy of approximately
0.92.

[0544] An expandable tubular member has been described
that includes an elongation of approximately 21%, a width
reduction of approximately 35%, a wall thickness reduction
of approximately 38%, and an anisotropy of approximately
0.89.

[0545] An expandable tubular member has been described
that includes a yield strength of approximately 77 ksi, a yield
strength to tensile strength ratio of approximately 0.82, a
longitudinal elongation of approximately 16%, a width
reduction of approximately 32%, a wall thickness reduction
of approximately 45%, and an anisotropy of approximately
0.65.

[0546] An expandable tubular member has been described
that includes a yield strength of approximately 78 ksi, a yield
strength to tensile strength ratio of approximately 0.8, a
longitudinal elongation of approximately 16%, a width
reduction of approximately 31%, a wall thickness reduction
of approximately 45%, and an anisotropy of approximately
0.63.

[0547] An expandable tubular member has been described
that includes, upon quenching and tempering, a yield
strength of approximately 84 ksi, a yield strength to tensile
strength ratio of approximately 0.84, a longitudinal elonga-
tion of approximately 20.5%, a width reduction of approxi-
mately 40%, a wall thickness reduction of approximately
42%, and an anisotropy of approximately 0.94.

[0548] An expandable tubular member has been described
that includes a yield strength of approximately 80 ksi, a yield
strength to tensile strength ratio of approximately 0.72, an
elongation of approximately 35%, a width reduction of
approximately 35%, a wall thickness reduction of approxi-
mately 33%, and an anisotropy of approximately 0.92. In an
exemplary embodiment, the member is processed compris-
ing the steps of hot stretching, reducing at approximately
1950° C., and rotary straightening.
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[0549] An expandable tubular member has been described
that includes a yield strength of approximately 90 ksi, a yield
strength to tensile strength ratio of approximately 0.88, an
elongation of approximately 25%, a width reduction of
approximately 22%, a wall thickness reduction of approxi-
mately 20%, and an anisotropy of approximately 1.1. In an
exemplary embodiment, the member is processed compris-
ing the steps of normalization at approximately 1850° C.,
cold drawing, annealing at approximately 1050° C., and
rotary straightening.

[0550] An expandable tubular member has been described
that includes a yield strength of approximately 88 ksi, a yield
strength to tensile strength ratio of approximately 0.87, an
elongation of approximately 16%, a width reduction of
approximately 24%, a wall thickness reduction of approxi-
mately 30%, and an anisotropy of approximately 0.76. In an
exemplary embodiment, the member is processed compris-
ing the steps of hot stretching, reducing at approximately
1950° C., cold drawing, annealing, and rotary straightening.

[0551] An expandable tubular member has been described
that includes a yield strength of approximately 48 ksi, a yield
strength to tensile strength ratio of approximately 0.73, an
elongation of approximately 38%, a width reduction of
approximately 43%, a wall thickness reduction of approxi-
mately 49%, and an anisotropy of approximately 0.83. In an
exemplary embodiment, the member is processed compris-
ing the steps of hot stretching, reducing at approximately
1850° C., and rotary straightening.

[0552] An expandable tubular member has been described
that includes a yield strength of approximately 46 ksi, a yield
strength to tensile strength ratio of approximately 0.69, an
elongation of approximately 40%, a width reduction of
approximately 50%, a wall thickness reduction of approxi-
mately 53%, and an anisotropy of approximately 0.93. In an
exemplary embodiment, the member is processed compris-
ing the steps of hot reducing at approximately 1850° C., cold
sizing, and rotary straightening.

[0553] An expandable tubular member has been described
that includes a yield strength of approximately 53 ksi, a yield
strength to tensile strength ratio of approximately 0.85, an
elongation of approximately 49%, a width reduction of
approximately 49%, a wall thickness reduction of approxi-
mately 46%, and an anisotropy of approximately 1.1. In an
exemplary embodiment, the member is processed compris-
ing the steps of hot stretching, reducing at approximately
1850° C., and rotary straightening.

[0554] An expandable tubular member has been described
that includes, upon quenching and tempering, after a flare
expansion of 42%, an absorbed energy in the longitudinal
direction of 125 fi-lbs, an absorbed energy in the transverse
direction of 59 fi-lbs, and an absorbed energy in the weld of
176 ft-1bs.

[0555] An expandable tubular member has been described
that includes, upon quenching and tempering, after a flare
expansion of 52%, an absorbed energy in the longitudinal
direction of 145 fi-lbs, an absorbed energy in the transverse
direction of 59 ft-1bs and an absorbed energy in the weld of
174 ft-1bs.

[0556] It is understood that variations may be made in the
foregoing without departing from the scope of the invention.
For example, the teachings of the present illustrative
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embodiments may be used to provide a wellbore casing, a
pipeline, or a structural support. Furthermore, the elements
and teachings of the various illustrative embodiments may
be combined in whole or in part in some or all of the
illustrative embodiments. In addition, one or more of the
elements and teachings of the various illustrated embodi-
ments may be omitted, at least in part, and/or combined, at
least in part, with one or more of the other elements and
teachings of the various illustrative embodiments.

[0557] Although illustrative embodiments of the invention
have been shown and described, a wide range of modifica-
tion, changes and substitution is contemplated in the fore-
going disclosure. In some instances, some features of the
present invention may be employed without a corresponding
use of the other features. Accordingly, it is appropriate that
the appended claims be construed broadly and in a manner
consistent with the scope of the invention.

What is claimed is:
1. A method of forming a tubular liner within a preexisting
structure, comprising:

positioning a tubular assembly within the preexisting
structure; and

radially expanding and plastically deforming the tubular
assembly within the preexisting structure;

wherein, prior to the radial expansion and plastic defor-
mation of the tubular assembly, a predetermined por-
tion of the tubular assembly has a lower yield point than
another portion of the tubular assembly.

2. An expandable tubular member comprising a steel alloy
comprising, by weight percentage: 0.065 to 0.08% C, 0.82
to 1.44% Mn, 0.006 to 0.02% P, 0.001 to 0.004% S, 0.24 to
0.45% Si, up to 0.05% Cu, 0.01 to 9.1% Ni, and 0.02 to
18.7% Cr.

3. An expandable tubular member, wherein a yield point
of the expandable tubular member is at most about 46.9 to
57.8 ksi prior to a radial expansion and plastic deformation;
and wherein the yield point of the expandable tubular
member is at least about 65.9 to 74.4 ksi after the radial
expansion and plastic deformation.

4. An expandable tubular member, wherein a yield point
of the expandable tubular member after a radial expansion
and plastic deformation is at least about 5.8 to 40% greater
than the yield point of the expandable tubular member prior
to the radial expansion and plastic deformation.

5. An expandable tubular member, wherein an anisotropy
of the expandable tubular member, prior to a radial expan-
sion and plastic deformation of the expandable tubular
member, is at least about 1.04 to 1.92.

6. An expandable tubular member, wherein an expand-
ability coefficient of the expandable tubular member, prior to
aradial expansion and plastic deformation of the expandable
tubular member, is greater than 0.12.

7. An expandable tubular member, wherein an expand-
ability coefficient of the expandable tubular member is
greater than the expandability coefficient of another portion
of the expandable tubular member.

8. An expandable tubular member wherein the expandable
tubular member has a higher ductility and a lower yield point
prior to a radial expansion and plastic deformation of the
expandable tubular member than after the radial expansion
and plastic deformation of the expandable tubular member.

9-126. (canceled)
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127. A method of radially expanding and plastically
deforming a tubular assembly comprising a first tubular
member coupled to a second tubular member, comprising:

radially expanding and plastically deforming the tubular
assembly within a preexisting structure; and

using less power to radially expand each unit length of the
first tubular member than to radially expand each unit
length of the second tubular member.
128-134. (canceled)
135. A method of manufacturing a tubular member, com-
prising:

processing a tubular member until the tubular member is
characterized by one or more intermediate characteris-
tics;

positioning the tubular member within a preexisting struc-
ture; and

processing the tubular member within the preexisting
structure until the tubular member is characterized one
or more final characteristics.

136-141. (canceled)

142. An apparatus, comprising:
an expandable tubular assembly; and

an expansion device coupled to the expandable tubular
assembly;

wherein a predetermined portion of the expandable tubu-
lar assembly has a lower yield point than another
portion of the expandable tubular assembly.

143-193. (canceled)

194. A method of determining the expandability of a
selected tubular member, comprising:

determining an anisotropy value for the selected tubular
member;

determining a strain hardening value for the selected
tubular member; and

multiplying the anisotropy value times the strain harden-
ing value to generate an expandability value for the
selected tubular member.

195-198. (canceled)

199. A method of radially expanding and plastically
deforming tubular members, comprising:

selecting a tubular member;

determining an anisotropy value for the selected tubular
member;

determining a strain hardening value for the selected
tubular member;

multiplying the anisotropy value times the strain harden-
ing value to generate an expandability value for the
selected tubular member; and

if the expandability value is greater than 0.12, then
radially expanding and plastically deforming the
selected tubular member.

200-204. (canceled)
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205. A radially expandable tubular member apparatus
comprising:

a first tubular member;

a second tubular member engaged with the first tubular
member forming a joint; and

a sleeve overlapping and coupling the first and second
tubular members at the joint;

wherein, prior to a radial expansion and plastic deforma-
tion of the apparatus, a predetermined portion of the
apparatus has a lower yield point than another portion
of the apparatus.
206-309. (canceled)
310. A method of joining radially expandable tubular
members comprising:

providing a first tubular member;

engaging a second tubular member with the first tubular
member to form a joint;

providing a sleeve;

mounting the sleeve for overlapping and coupling the first
and second tubular members at the joint;

wherein the first tubular member, the second tubular
member, and the sleeve define a tubular assembly; and

radially expanding and plastically deforming the tubular
assembly;

wherein, prior to the radial expansion and plastic defor-
mation, a predetermined portion of the tubular assem-
bly has a lower yield point than another portion of the
tubular assembly.

311-515. (canceled)

516. An expandable tubular member wherein the carbon
content of the tubular member is less than or equal to 0.12
percent; and wherein the carbon equivalent value for the
tubular member is less than 0.21 to 0.36.

517-666. (canceled)

667. A method of selecting tubular members for radial
expansion and plastic deformation, comprising:

selecting a tubular member from a collection of tubular
member;

determining a carbon content of the selected tubular
member;

determining a carbon equivalent value for the selected
tubular member; and

if the carbon content of the selected tubular member is
less than or equal to 0.12 percent and the carbon
equivalent value for the selected tubular member is less
than 0.21 to 0.36, then determining that the selected
tubular member is suitable for radial expansion and
plastic deformation.

668-672. (canceled)

673. An expandable tubular member, comprising:

a tubular body;

wherein a yield point of an inner tubular portion of the
tubular body is less than a yield point of an outer
tubular portion of the tubular body.

674-728. (canceled)
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729. A method of manufacturing an expandable tubular
member, comprising:

providing a tubular member;
heat treating the tubular member; and
quenching the tubular member;

wherein following the quenching, the tubular member
comprises a microstructure comprising a hard phase
structure and a soft phase structure.
730-757. (canceled)
758. A method for manufacturing an expandable tubular
member comprising:

providing a tubular member;
heat treating the tubular member;
quenching the tubular member; and

cold working the tubular member, whereby upon cold
working, the yield strength of the tubular member is
increased.
759-760. (canceled)
761. A method for expanding an expandable tubular
member comprising:

providing a tubular member;
lubricating the tubular member; and

expanding the tubular member.
763. (canceled)
763. A method for formability evaluation comprising:

selecting a first tubular member;

measuring a plurality of stress and strain property param-
eters for the first tubular member;

measuring a Charpy V-notch impact value parameter for
the first tubular member;

measuring a stress rupture parameter for the first tubular
member;

measuring a strain hardening exponent parameter for the
first tubular member;

measuring a plastic strain ratio parameter for the first
tubular member;

comparing the parameters measured for first tubular mem-
ber to a plurality of desired parameters; and

selecting the first tubular member to manufacture an
expandable tubular member if the measured parameters
meet or exceed the desired parameters.

764-766. (canceled)

767. An expandable tubular member comprising:

a tensile strength in the range of 60 ksi to 120 ksi;
a yield strength in the range of 40 ksi to 100 ksi;

a yield strength to tensile strength ratio in the range of
50% to 85%;

a minimum elongation change due to radial expansion of
35%;

a minimum width reduction due to radial expansion of
40%;
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a minimum thickness reduction due to radial expansion of
30%; and

a minimum anisotropy of 1.5.

768-769. (canceled)

770. A method for transforming the yield strength of an
expandable tubular member comprising:

providing a manufactured tubular member;
inter-critical annealing the tubular member;

radially expanding and plastically deforming the tubular
member; and

heating the tubular member.
771-774. (canceled)
775. An expandable tubular member comprising:

a tensile strength in the range of 60 ksi to 120 ksi;
a yield strength in the range of 40 ksi to 100 ksi;

a yield strength to tensile strength ratio in the range of
50% to 85%;

a minimum elongation change due to radial expansion of
22% to 35%;

a minimum width reduction due to radial expansion of
30% to 40%;

a minimum thickness reduction due to radial expansion of
30% to 35%; and

a minimum anisotropy of 0.8 to 1.5.
776-778. (canceled)
779. An expandable tubular member comprising:

a yield strength of approximately 77 ksi;
a tensile strength of approximately 83 ksi; and

an elongation of approximately 32%.
780. An expansion device comprising:

a surface;
a self lubricating hard coating on the surface; and

a self lubricating soft coating on the surface.
781-788. (canceled)
789. An expandable tubular member comprising:

a yield strength in the range of 40 ksi to 80 ksi;
a maximum yield strength to tensile strength ratio of 0.5;

a minimum elongation change due to radial expansion of
30%;

a minimum width reduction due to radial expansion of
45%;

a minimum wall thickness reduction due to radial expan-
sion of 30%; and

a minimum anisotropy of 1.5.
790. An expandable tubular member comprising:

a friction coefficient between the expandable tubular
member and an expansion device of 0,02, whereby the
member may be expanded by a force below 100000 1bs.
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791. (canceled)
792. An expandable tubular member comprising:

a lubricant resulting in a friction coefficient of 0.02 to
0.125 between the expandable tubular member and an
expansion device;

a wall thickness of approximately 0.305 to 0.5 inches; and

a required expansion force of approximately 126000 Ibs
to 146000 Ibs;

wherein the required expansion force allows a diameter to
thickness ratio of approximately 15 to 25 and a collapse
strength of approximately 2400 ksi.

793-803. (canceled)

804. An expandable tubular member, comprising:

wherein after a 15.6% to 24% radial expansion and plastic
deformation, approximately a 5% to 70% change in
yield strength, approximately a 3% to 27% change in
yield ratio, approximately a 11% to 91% change in
elongation percentage, approximately a 8% to 43%
change in width reduction percentage, approximately a
2% to 15% change in wall thickness reduction percent-
age, and approximately a 4% to 75% change in anisot-
ropy.

805-812. (canceled)

813. An expandable tubular member comprising:

a tensile strength of approximately 68 to 115 ksi before
radial expansion;

atensile strength of approximately 80 to 120 ksi after 15.2
to 16% radial expansion; and

a tensile strength of approximately 82 to 121 ksi after 24
to 25.2% radial expansion.

814-816. (canceled)

817. An expandable tubular member comprising:

a tensile strength of approximately 100 to 114 ksi before
radial expansion; and

a tensile strength of approximately 126 to 140 ksi after
15.6 to 31.3% radial expansion.

818. (canceled)

819. An expandable tubular member comprising:

upon quenching in water at approximately 735 to 775° C.,
a tensile strength of 94 ksi and a yield strength of 56 to
59 ksi.

62
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820-821. (canceled)
822. An expandable tubular member comprising:

upon quenching in oil at approximately 750 to 820° C., a
tensile strength of 84 to 109 ksi and a yield strength of
49 to 61 ksi.

823-824. (canceled)

825. An expandable tubular member comprising:

by weight percentage, 0.1% C, 1.5% Mn, and 0.3% Si.
826. (canceled)
827. An expandable tubular member comprising:

a yield strength of approximately 46 to 90 ksi;

a yield strength to tensile strength ratio of approximately
0.69 to 0.88;

a longitudinal elongation change due to radial expansion
of approximately 14.8 to 49.0%;

a width reduction due to radial expansion of approxi-
mately 22 to 50%; a wall thickness reduction due to
radial expansion of approximately 20 to 53%; and

an anisotropy of approximately 0.63 to 1.1.
828-830. (canceled)
831. An expandable tubular member comprising:

an elongation change due to radial expansion of approxi-
mately 21%:;

a width reduction due to radial expansion of approxi-
mately 35%;

a wall thickness reduction due to radial expansion of
approximately 38%; and

an anisotropy of approximately 0.89.
832. An expandable tubular member, upon quenching and

tempering, comprising:

after a flare expansion of 42% to 52%;

an absorbed energy in the longitudinal direction of 85 to
145 ft-1bs;

an absorbed energy in the transverse direction of 59 ft-1bs;
and an absorbed energy in the weld of 174 to 176 ft-Ibs.
833-848. (canceled)
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