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Advanced Tubular Performance Properties - Introduction

Well Tubulars (Casings, Liners, Tubing) are normally 
governed by pressure based loads

Hence, this presentation will focus on advanced 
treatment of internal pressure (“Burst”) and external 
pressure (“Collapse”) performance properties

Connection Performance is also important and will be 
addressed by another speaker

Other performance properties such as tension, 
compression, bending, torsion can be discussed but 
are not addressed in these slides.
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Through Wall Pipe Stress Distributions
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Thick Wall - Radial & Hoop Stress
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Progressive Burst (Initial yield to Ultimate Rupture)
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Theoretical Rupture – Numerous Models
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Notes:  (1) nominal ultimate strength (US) (psi)
(2) nominal outer diameter (OD) (inches)
(3) nominal inner diameter (ID) (inches)
(4) estimated accuracy is ± 5%





API TR 5C3 - Pipe Rupture Test Data



Rupture Model Fits to Test Data



API MIYP Barlow Rating vs. Actual Rupture Performance

Example Project - Candidate Tubulars
Performance Properties for Internal Pressure

OD Weight Wall Burst Ratings (psi) ∆ (%)
(inches) (ppf) (inches) API MIYP Shell-

Paslay
Stewart-
Klever

Shell-
Paslay

Stewart-
Klever

22.000 222.28 1.000 X-60 4,770 7,140 7,150 50% 50%
18.000 93.54 0.500 L-80 3,890 5,430 5,500 40% 41%
16.000 84.00 0.495 L-80 4,330 6,070 6,140 40% 42%
13.625 88.20 0.625 SM-125TT 10,030 12,980 13,390 29% 33%
13.375 72.00 0.514 SM-125TT 8,410 10,790 11,130 28% 32%
11.750 65.00 0.534 Q-125 9,940 12,850 13,260 29% 33%
10.750 73.20 0.672 SM-125S 13,670 18,000 18,580 32% 36%
10.000 68.70 0.688 SM-125S 15,050 19,950 20,580 33% 37%
7.625 29.70 0.375 Q-125 10,760 13,970 14,410 30% 34%
5.500 29.70 0.562 SM13CrS110 19,670 28,450 29,180 45% 48%

Grade



Advanced Tubular Performance Properties – Macondo Tests
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Collapse

Original Cross Section

Continued Deformation

Snap Through



Collapse modes
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Lowest collapse pressure governs

Elastic Collapse

Plastic Collapse
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Real World is Stochastic not Deterministic



Key Collapse Factors



DEA-130
Modernization of Tubular

Collapse Performance Properties
June 2002

11   OPERATORS
3    INDUSTRY/GOV’T AGENCIES

11   MANUFACTURERS

199    Samples Selected from Stock

11      Different Manufacturers Participated

17     Samples Doanted by Shell 

216    Total Samples

151    Samples Tested



Layout of DEA-130 Pipe Samples

Full Length Joint

18”"

Total Sample Length = 11D + 72”

“End”
Mechanical

Test

“Middle”
Mechanical

Test

3D

Collapse Test Sample Identification:
Size, Weight, Grade, Heat, Lot & Sample No.(Sample 

No.  scribed on each end)

18”36"Collapse Sample Length = 8D

Residual Stress Test Sample: 
Size, Weight, Grade, Heat, 

Lot & Sample No. (Collapse 
Sample No. scribed on each 

end)

Size, Weight, Grade, Heat, 
Lot & Sample No. 

(Collapse Sample No. 
scribed on each end)

Not
Used

COLLAPSE SAMPLE
L=8D

END
TENSILE

TEST
18”

MIDDLE
TENSILE

TEST
18”

RESIDUAL
STRESS
L = 3D

EXTRA
PIPE
36”

REMOVE ANY LOOSE SCALE AND EXCESS MILL VARNISH FROM OD & ID BEFORE MAKING MEASUREMENT
IDENTIFY DIAMETER LOCATIONS 1, 2 & 3 WITH PAINT SO THAT BEFORE & AFTER MEASUREMETNS CAN B

         MEAURE WALL THICKNESS
         USING MICROMETER WITH BALLS

T3 T2 NOTE: OD MEASURE
1 LOCATION 1 I

LOCATION 2 I
LOCATION 3 I

LENGTH = 3 X OD
OD MEASUREMENTS

T4 90° TO SAW CUT PLA

3

T6 T5

SAW CUT (OR TORCH) PLANE

2

T1



DEA-130 Preferred Samples vs. Actual Samples
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Example DEA-130 Collapse Test Data
                         SOUTHWEST RESEARCH  INSTITUTE

DEA-130 PIPE COLLAPSE DATA SHEET
Filename : shell18.xls     

Pipe Sample: NK15Cr110 Sample Collapse Pressure : 14,641 Psig
Grade: 110 Failure Location (small axis) 0/315-135/180

Nom.Weight(lb/ft.) 20.00 Sample W eight: 74.8 lbs. Test Date : 10/1/2001  
Pipe O.D. 5 1/2 Pipe  Length: 44 inch  

Actual Weight(lb/ft.) 20.40  
 Longitude  End "A" 1 x O.D. 2 x O.D. 3 x O.D. 4 x O.D. 5 x O.D. 6 x O.D. 7 x O.D. End "B" AVERAGE
Radial Axis    Wall  Thickness  (inches)

Degrees            0  0.384 0.376 0.374 0.367 0.366 0.370 0.374 0.379 0.364 0.373
45 0.376 0.379 0.371 0.366 0.367 0.364 0.368 0.372 0.366 0.370
90 0.376 0.373 0.370 0.364 0.360 0.359 0.367 0.369 0.367 0.367

135 0.373 0.375 0.373 0.367 0.362 0.362 0.363 0.363 0.365 0.367
180 0.374 0.376 0.376 0.377 0.372 0.370 0.370 0.374 0.365 0.373
225 0.385 0.379 0.380 0.383 0.377 0.380 0.375 0.378 0.367 0.378
270 0.374 0.372 0.374 0.378 0.383 0.384 0.384 0.385 0.375 0.379
315 0.378 0.373 0.374 0.378 0.379 0.380 0.377 0.374 0.376 0.377

 
Avg.Thickness 0.378 0.375 0.374 0.373 0.371 0.371 0.372 0.374 0.368 0.373
Avg O.D. (PI-Tape) 5.531 5.530 5.531 5.531 5.529 5.530 5.530 5.531 5.530 5.530
Actual O.D. @ 0/180 5.528 5.527 5.527 5.528 5.526 5.529 5.528 5.528 5.530 5.528
Ovality Gauge Max  (+) .017/255 .015/255 .014/255 .012/255 .020/255 .014/255 .012/255 .016/255 .016/255
Ovality Gauge Min    (-) .007/155 .007/155 .007/155 .008/155 .000/0 .003/155 .003/155 .002/155 .001/155
Ovality Max & Min indicated in inches. 2nd number represents location in degrees.
Ovality, (Max-Min)/Avg 0.43% 0.40% 0.38% 0.36% 0.36% 0.31% 0.27% 0.33% 0.31% 0.35%
Eccentricity, 0-180 2.65% 0.00% 0.53% 2.68% 1.62% 0.00% 1.07% 1.34% 0.27% 1.13%
  (tmax-tmin)/tav 45-225 2.38% 0.00% 2.41% 4.56% 2.70% 4.31% 1.88% 1.60% 0.27% 2.24%

90-270 0.53% 0.27% 1.07% 3.76% 6.20% 6.74% 4.57% 4.28% 2.17% 3.29%
135-315 1.32% 0.53% 0.27% 2.95% 4.59% 4.85% 3.76% 2.94% 2.99% 2.69%

Actual Avg D/T 14.65 14.73 14.79 14.85 14.91 14.90 14.86 14.78 15.02 14.83
T-Max 0.385
T-Min 0.359
T-Avg. 0.373
STDEV. 0.006487

Pipe Sample Failure Details: SAMPLE FLATTENED AT 0/315 - 135/180 DEG FROM END A TO END B

 

   0/315 DEG    135/180DEG



SUMMARY  OF  COLLAPSE  TEST  DATA

PER SAMPLE TOTAL

9 1,359

72 10,872

9 1,359

36 5,436

1 151

1  151

2 302

OD

WALL

OVALITY

ECCENTRICITY

RESIDUAL STRESS

COLLAPSE PRESSURE

YIELD STRENGTH



Normalized Yield Strength by Grade



API Collapse Reliability Levels vs. D/t



Example of High Collapse Ratings



Example of High Collapse Ratings/Impacts



Pipe Not Really Round or Simple

Helical Wall and OD

Triangular Cross Section



BP Database and Tools for Advanced Casing Analysis



Ability for Full and Detailed Casing Inspections



Full 3D Wall Mapping for Performance Assurance



Specific Analysis of Wall Map for Internal Pressure



Load Types Vary and Hence Design Methods Should Also



Load Types Vary and Hence Design Methods Should Also



Questions and Discussions



Backup Slide –
Correlation Between Reliability and High Collapse Margins
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