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Strength reduction factor of high-grade steel casing strings at high temperature
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ABSTRACT The yield strength and tensile strength of high-grade steel casings such as Q125 V140 and V150 were obtained by in—
door experiments under high temperature conditions. The strength reduction factor was introduced and its equation applicable for the
high-grade steel casings at high temperature was regressed from the experimental data. The strength reduction factors at 150 °C and
200 °C were given for convenient applications in oilfields adopted by Chinese Petroleum and Natural Gas Industry Standards and ap—
plied to the design of high temperature casing strings. Design verification and safety evaluation of deep-well casing strings in western
China based on the experimental results and the regression formulas show that the experimental data have good versatility to meet the re—
quirements of field casing design. The yield strength and tensile strength of the high-grade steel casings decreases greatly with increas—
ing temperature and the decrease rate of yield strength is greater than that of tensile strength. It is suggested that the influence of tem—
perature on the material properties of the high-grade steel casings should be considered during the design of high-temperature well cas—
ing strings.

KEY WORDS oil well casings; high temperature testing; strength of materials; strength reduction factor; design

9
(P110
) o (Q125 )
1 20100726
( No. 2010CB226706) ; ( No. 2008ZX05017; No.

2008ZX05036) ; ( No.2008D—2404)



- 884 ¢ 33
. ; V150
QI25.V140 V150 ( 2
1200
A 1160
g 1120+
1 Z1og0r
1.1 @ 1040+
Q125.V140 1.000F
V150 9605 0 200 300 400
0.03°C *m"’ TR /G
9000 m 270 °C. 1
Fig.1 Test results of casing tensile strength
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Fig.2 Test results of casing yield strength
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Table 1 Discrete analysis of casing Q125 test data at high temperature
2 /
€ / SD/ cov/ / SD/ Cov/
0125.V140 V150 MPa  MPa % MPa  MPa %
1 2 20 1104 5.48 0.50 1005 10. 00 0.99
1 Q125 150 1048 4.47 0.43 938 9.08  0.97
( SD) ( COV) 200 1040 2.34 0.22 902 16. 05 1.78
’ 0. 87% 300 1026 8.94 0. 87 864 11.40 1.32
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Fig.3 Fitting curves of yield strength reduction factor of casings
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Fig.4 Fitting curves of tensile strength reduction factor of casings
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Table 2 Strength reduction factor of casings

/C
Q125 0.933 0. 949
150 V140 0.953 0. 960
V150 0. 957 0.997
Q125 0. 898 0.942
200 V140 0.918 0.951
V150 0.936 0. 995
5
Q125
MS1
. . MSI

© $250. 8 mm x 15. 88 mm x (0 ~
1000m) + ¢244.5 mm X 11.99 mm x (1000 ~
4300m) + $250.8 mm x 15.88 mm x (4300 ~

6500m)  5530m 157 C
0.0238°C*m"™" 6500 m
190 °C.
$250.8 mm x 15.88 mm x ( 4300 ~
6500 m)
2.15g*cm ™’
2.25g*cm ™ 62 MPa.
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Fig. 6 Relation between casing string anti-inner pressure safety factor

and depth of MS1 well
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Fig.7 Relation between casing string anti-tensile safety factor and
depth of MSI well
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Fig.5 Relation between casing string anti-eollapse safety factor and
depth of MSI well
(5)
2.8
el . 150°C 200 C
| —e— 150 C
w2 L oo
0o 22
?H 2.0t
]ii]( 1.8F
£ 16 -
=
RTINS s' Yan XZ Zhang DF Wang T T et al. Design of the pre-stressed
2
121 insulation tube in thermal recovery wells by the optimum expansion
1 1 1 1 1 1
1'00 1000 2000 3 000 4000 5000 6000 7000

rate method. Acta Pet Sin 2010 31(5) : 849
(
2010 31(5) :849)
Yang X J Yang HL Yan X Z et al. Analysis of the prestress de—
sign of casing. Oil Field Equip 2004 33(1):1
(
2004 33(1):1)
Gao B K Gao D L. A new method for testing tubing axial load in

high temperature and high pressure wells. J China Univ Pet Nat



- 887 -

Sci 2002 26(6) :39
(
2002 26( 6) :39)
Wang SP LiZP Chen P et al. A model for prevention of cas—
ing additional load from high temperature oil and gas. Nat Gas
Ind 2007 27(9):84
(
2007 27(9) :84)
Adams A ] MacEachran A. Impact on casing design of thermal
expansion of fluids in confined annuli. SPE Drill Completion
1994 9(3): 210
Maharaj G. Thermal well casing failure analysis // SPE Latin
America/ Caribbean Petroleum Engineering Conference. Trinidad
1996: 23
Lu L'J Feng S B Zhang B. Method for designing casing stem
strength in heavy-oil steam injection wells. J Oil Gas Technol
2009 31(2): 364
( .
2009 31(2):364)
Wang Z H Ma Z Z. Effect by thermal well tempera-ture on casing
properties and calculation method for pretension. Steel Pipe 2007
36(4):24
(
2007 36(4) :24)
LiWK XueYP LiHL etal Effect of high-temperature and
high-pressure on downhole casing strength. il Drill Prod Technol
2005 27(3):15
(
2005 27(3) :15)

12

13

14

15

China National Steel Standardization Technical Committee. GB/T
4338—2006 Metallic Materials—Tensile Testing at Elevated Tem—
perature. Beijing: China Standards Press 2007:3
( . GB/T 4338—2006
2007:3)
China National Steel Standardization Technical Committee. GB/T
228—2002 Metallic Materials—Tensile Testing at Ambient Tempera—
ture. Beijing: China Standards Press 2002:3
( . GB/T 228—2002
2002: 3)
Ling S S. Statistical processing and error analysis of test data:
Part V. Determination of minimum specimen number for me—
chanical test. Phys Test Chem Anal A 2001 37(12) : 544
(
2001 37(12):
544)
API Standards Subcommittee on Tubular Goods. API Spec 5CT
Specification for Casing and Tubing. 8th Ed. Washington D C:
API 2005: 81
China Petroleum Tubular Goods Standardization Committee. SY/
T 6268—2008 Recommended Practice for Selection and Use of
Casing and Tubing. Beijing: Petroleum Industry Press 2008: 4
( . SY/T 6268—2008
2008: 4)
China Drilling Engineering Standardization Committee. SY/T
5724—2008 Design for Casing String Structure and Strength.
Beijing: Petroleum Industry Press 2008: 12
( . SY/T 5724—2008
2008: 12)



