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ABSTRACT 
In support of ASME B31J and B31H standards, physical testing for stress intensification factors (SIFs), 
flexibility factors (k‐Factors), and sustained stress indices (SSIs) can be used to confirm differences 
between the Markl and Hinnant curves in the low‐cycle ranges and finite element predictions of fatigue, 
stiffness, collapse and burst. 
 
Improvement in analytical capability since the 1950s (when Markl developed the basic rules in the B31 
piping codes used today) has improved the ability to numerically predict stress states. Unfortunately, not 
all piping components are well defined geometrically or dimensionally in ASME standard documents. 
Large D/T (ratio of mean header diameter to header nominal thickness) and d/D (ratio of mean branch 
diameter to mean header diameter) failures involve nonlinear characteristics that may not be well 
represented by elastic analyses. In these cases, verification by test is considered essential to verify the 
predicted values and the method of analysis considered. 
 
This publication documents the results of phase II of work undertaken to investigate deficiencies in the 
existing test data sets identified during the data collection effort from ST-LLC Publication STP-PT-073. 
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ABBREVIATIONS AND ACRONYMS 
 
ASME  - American Society of Mechanical Engineers 
MTR  - Material Test Reports 
NPS  - Nominal Pipe Size 
NPT  - American National Standard Taper Pipe Thread 
PRG  - Paulin Research Group 
SCH  - Pipe Schedule 
SIF  - Stress Intensification Factors 
SSI  - Sustained Stress Indicators 
STD  - Standard 
ST-LLC - Standards Technology, Limited Liability Company 
WRC  - Weld Research Council 
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1 INTRODUCTION 
Twelve straight pipe specimens were fabricated, material properties independently evaluated, and each 
specimen was pressurized to rupture at K&H Fabricator’s facility in Smithville, Texas. The specimens were 
segregated into stainless and carbon groups, each group consisting of six specimens: three seamless 
specimens and three longitudinally welded specimens. Pipe specimens for each group of three tests were 
made from the same heat so that theoretically three identical specimens could be tested. A significant 
finding of these results is stainless steel samples failed at a consistently lower pressure than would otherwise 
be predicted for the same specimen made of carbon steel. This supports prior findings by Rodabaugh in [1]. 
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2 TEST PROGRAM 
This research program consisted of burst testing twelve specimens in total with multiple samples from a 
single parent pipe. The primary goal was to determine the material strength properties and rupture pressure 
for similar specimens of carbon steel and stainless steel, each with and without a longitudinal weld seam. 
A summary of the twelve test specimens and the burst pressure for each is given in Table 2-1. 
 

Table 2-1 – Summary of Test Specimens and Burst Pressure 
# ID Matl Heat # Type Spec/Gr Pipe Size Length1 Pb 

       Inches psi 
1 CS1W 

Carbon 
Steel 

 
21023922 

 
Welded 

 
A53-B 

 
10” SCH 40 

 
60 

4,720 
2 CS2W 4,714 
3 CS3W 4,658 
4 CS1S 

Carbon 
Steel 

 
LX0174 

 
Seamless 

 
A106-B 

 
10” SCH 40 

 
60 

5,198 
5 CS2S 5,200 
6 CS3S 5,207 
7 SS1S 

Stainless 
Steel 

 
126109 

 
Seamless 

 
A312-TP304/304L 10” SCH 

40S 

 
60 

5,259 
8 SS2S 5,270 
9 SS3S 5,370 
10 SS1W 

Stainless 
Steel 

 
15950 

 
Welded 

 
A312-TP304/304L 12” SCH 

10S 

 
67 

1,910 
11 SS2W 1,976 
12 SS3W 1,937 

 
Table 2-1 Footnotes: 
1. “Length” represents the cut length of the pipe between the circumferential welds joining the B16.9 

STD (Standard) wall pipe caps to the pipe. Additional cylindrical length exists within the straight 
flange of the B16.9 pipe caps. 

 
 
Specimens were fabricated from straight pipe conforming to ASME B36.10M and ASME B36.19M with 
material specifications including A53-B, SA-106-B, and SA-312-TP304/304L. Material Test Reports 
(MTR’s) are provided for materials in Appendix A. NPS (Nominal Pipe Size) 10 and NPS 12 pipes were 
used in the testing. Each specimen consisted of a single length of straight pipe with ASME B16.9 weld caps 
at each end as shown in Figure 2-1. One 1/2" NPT (American National Standard Taper Pipe Thread) 6000# 
coupling was located in the center of one weld cap to allow for filling and pressurization. 
 
 
Figure 2-1 – Typical Test Specimen Design.  See Table 2-1 for Dimensions.  Drawing Not to Scale. 

 
 
For each specimen, the length of pipe was selected using Equation 1 to ensure the length of pipe was not 
relevant and end conditions would not influence the results. This methodology was developed by Paulin 
Research Group using results from elastic-plastic large strain finite element results and correlated with burst 
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tests in straight pipe. Comparisons were also made using the approach by Kalnins and Updike [2] and found 
Equation 1 provides a conservative limit for the required length of pipe. 
 
 

                          𝐿𝐿 = 𝐷𝐷𝑚𝑚  �
1− 0.4378

0.6866 �
− 1
0.1191

          (Equation 1) 
 
 
 
The ASME B16.9 weld caps (STD wall thickness) were attached at both ends of the pipe specimens using 
full penetration welds completed by welders and weld procedures qualified to ASME IX. Since the selected 
length was sufficient to eliminate end effects, carbon steel weld caps were used on all specimens, including 
the stainless steel pipe specimens. STD wall pipe caps were used on the 12” SCH (Pipe Schedule) 10S pipe 
samples for simplicity. 
 
A short sample from each parent pipe was removed to allow for circumferential and longitudinal tensile 
tests. Tensile tests were conducted for the base metal and weld metal, where applicable. Tests were 
performed in accordance with ASTM E8 by Bryan Labs in Houston, TX. Tensile test results are summarized 
in Table 2-2 with detailed reports in Appendix B. It should be noted that stress-strain curves shown in 
Appendix B do not terminate at fracture. Instead, the end of the curve represents the point when the 
extensometer was removed to avoid damage during fracture. 
 
 

Table 2-2 - Summary of Measured Material Properties in Hoop Direction 

  Minimum Average Maximum 
# ID Sy Su eu1 Sy Su eu1 Sy Su eu1 
  psi psi psi psi psi psi psi psi psi 

1 CS1W  
61,400 

 
71,500 

 
0.0789 

 
61,767 

 
71,567 

 
0.0816 

 
62,200 

 
71,600 

 
0.085 2 CS2W 

3 CS3W 
4 CS1S  

54,300 
 

76,500 
 

0.1071 
 

55,533 
 

77,500 
 

0.1172 
 

56,200 
 

78,400 
 

0.1255 5 CS2S 
6 CS3S 
7 SS1S  

50,400 
 

90,300 
 

0.2985 
 

53,567 
 

91,767 
 

0.3034 
 

56,500 
 

92,900 
 

0.3109 8 SS2S 
9 SS3S 
10 SS1W  

45,200 
 

92,900 
 

0.3385 
 

45,400 
 

93,200 
 

0.3385 
 

45,600 
 

93,700 
 

0.3450 11 SS2W 
12 SS3W 

 
Table 2-2 Footnotes: 

1. eu is the true strain at the ultimate load. 
 
As-built thickness measurements for each sample are reported in Table 2-3. Multiple thickness samples 
were taken around the circumference at several locations and along the weld seam where applicable. Based 
on these initial readings, an attempt to identify a “critical” thickness location was made. In this case, a 
“critical” location is one where the minimum thickness exists over a longitudinal length of approximately 
sqrt(R*T), essentially creating a local thin area that might create a rupture initiation site. 
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Table 2-3 – Measured Wall Thickness Before Burst Test 

# ID Nominal Min Avg Max Critical1 
   Inches Inches Inches Inches 

1 CS1W 0.365 0.342 0.357 0.366 0.341 
2 CS2W 0.365 0.357 0.360 0.367 0.341 
3 CS3W 0.365 0.342 0.353 0.371 0.342 
4 CS1S 0.365 0.366 0.376 0.392 0.362 
5 CS2S 0.365 0.357 0.371 0.389 0.362 
6 CS3S 0.365 0.364 0.381 0.389 0.362 
7 SS1S 0.365 0.376 0.386 0.396 0.378 
8 SS2S 0.365 0.376 0.387 0.394 0.380 
9 SS3S 0.365 0.380 0.388 0.402 0.382 
10 SS1W 0.180 0.160 0.161 0.162 0.160 
11 SS2W 0.180 0.160 0.161 0.163 0.160 
12 SS3W 0.180 0.160 0.161 0.163 0.160 

 
Table 2-3 Footnotes: 

1. “Critical Thickness” is the minimum uniform thickness of a local thin having a longitudinal 
length of approximately sqrt(RT). 

 
 
Ambient temperature during testing varied from approximately 65°F to 85°F during testing over this period. 
In all cases, specimens were filled with tap water at least one day prior to testing and stored outdoors. The 
water temperature at the time of testing was near ambient temperature. 
 
A simplified schematic showing the primary components of the test arrangement is given in Figure 2-2.  
 

Figure 2-2 – Experimental Arrangement for Burst Tests. 

 
 
 
A pneumatically driven hydraulic pump capable of 30,000 psi was used for the test. Pressure throughout 
each test was monitored & recorded using an Omega PX309 pressure transducer with a maximum pressure 
capacity of 10 ksi and accuracy of 0.50% of the full scale range (i.e. 50 psig). Pressure readings were taken 
at a sample rate of 20ms using a LabView package and data acquisition system. Figures 2-3 thru 2-7 provide 
typical pressure time history plots for the tests. Additionally, a 10 ksi pressure dial gauge was used for 
simple visual verification and back-up during the test. 
 
Initial results during the first test (Sample #10, SS1W) showed a fluctuating pressure range due to the single 
acting piston type pump used for the test. To reduce the pressure fluctuations, a surge bottle was designed, 
fabricated, and incorporated into the test arrangement. The surge bottle reduced the pressure fluctuations to 
approximately 0.5% to 1.0% of the burst pressure. During testing, it was noted that minor adjustments to 
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the flow using the throttling valve could reduce the pressure fluctuation and improve the performance of 
the surge bottle, particularly when pressure upstream of the throttling valve was higher than that 
downstream. 
 
 

Figure 2-3 – Labeled and Shifted Results for Pressure vs. Time for Tests 1 - 9 

 
Note: Because the horizontal axis is time, it has little usefulness in the calculations and 

so plots shown here are shifted to align with their elastic rise time. Tests 1,2,5,7,8 and 9 
all have the same elastic rise time. Tests 4 and 6 were shifted together at around 1500 
sec. so that their “g.” to “h.” undulation could be visualized. Tests 10,11 and 12 are 

shown in the following figures. 
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Figure 2-4 – Pressure vs. Time History for Tests 1, 2, and 3 

* Test 3 data was errantly not recorded, but a screen shot of the time history was saved. This screen shot
was scaled and digitized to recover the data.

*

*
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Figure 2-5 – Pressure vs Time History for Tests 4, 5, and 6 
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Figure 2-6 – Pressure vs. Time History for Tests 7, 8, and 9 
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Figure 2-7 – Pressure vs. Time History for Tests 10, 11, and 12 
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3 EXPERIMENTAL RESULTS 
The burst tests were completed in Smithville, Texas on February 27, May 24, and May 25 of 2023. Various 
photos of the test specimens are included in Figures 3-1 through 3-9. 
 

Figure 3-1 – Carbon Steel Samples Prior to Burst Testing Showing As-Built Thickness 
Measurements. 

 
 
 
 
Figure 3-2 – Stainless Steel Samples Prior to Burst Testing Undergoing Thickness Measurements. 
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Figure 3-3 – 12” Welded Stainless Steel Specimen (Left) Undergoing Pressurization With 10” 
Seamless Stainless Samples (Right) Ready for Testing. 

Figure 3-4 – 10” Carbon Steel Specimen at Moment of Rupture. 
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Figure 3-5 – Carbon Steel Specimens Captured at the Moment of Rupture (CS1W bottom and 
CS3W top). 

 
 
 

Figure 3-6 – 10” Carbon Steel and 12” Stainless Steel Samples after Rupture. 
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Figure 3-7 – Specimen #10 (SS1W) After Rupture 

 
 
 

Figure 3-8 – Specimen #10 (SS1W) After Rupture. 
 

 
 

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME STP-P
T-09

7 2
02

3

https://asmenormdoc.com/api2/?name=ASME STP-PT-097 2023.pdf


STP-PT-097: Stress Intensification Factor, k-factor, and Sustained Stress Index Development – Phase II  

14 

Figure 3-9 - Stainless Steel Specimens After Rupture 
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Up to the yield point, the pressure response curve followed the linear elastic slope and increased rapidly. 
Once yielding began, the slope of the pressurization curve reduced as plasticity resulted in increasingly 
greater change of internal volume. As the point of instability was reached, the slope of the pressurization 
curve neared zero. In the stainless steel tests, once the point of instability was reached, noticeable bulges or 
more advanced swelling of the test specimens was noted. These bulges were not noticeable in the carbon 
steel tests. After instability developed, the pressure would typically drop even under a constant pump rate 
as significant plastic flow began and the system attempted to reach an equilibrium with the rate at which 
water was being introduced. A similar response was observed by Ellyin in WRC (Weld Research Council) 
Bulletin 230 [3]. This reduction in pressure can be seen in the pressure charts, for samples 1 thru 3. 
 
In this report, the burst pressure is defined as the average pressure at the point of instability. Average refers 
to the mean of the range of pressure fluctuation. The point of instability is considered the point at which the 
slope of the pressure-time curve inverts. An ideal example of a point of instability is shown for samples 1, 
2, and 3 near time 1,200 seconds. Where a clear inversion did not exist, the burst pressure is taken as the 
highest uniform pressure. For example, Test 10 near 5,000 second is such a case. 
 
An alternative definition for the burst pressure could have been that at the time of rupture or fracture. 
However, this is not an ideal choice as it does not represent the maximum load carrying capacity of the 
specimen. Such an approach would be akin to using the stress at fracture from a tensile test rather than the 
ultimate stress. Had the pump rate been increased to hold the pressure at the point of instability and not 
allowed to reduce as plastic flow began, the pressure to cause fracture would have been equal to that at the 
point of instability. 
 
Details of the measured pressure range near the point of instability are given in Table 3-1. 
 
 

Table 3-1 – Detailed Rupture Pressure Results 

  Pressure at Point of Instability 
# ID Min1 Avg1 Max1 Range Range2 

  psig psig psig psig % 
1 CS1W 4,700 4,721 4,742 42 0.89% 
2 CS2W 4,704 4,712 4,721 17 0.36% 
3 CS3W 4,667 4,696 4,724 57 1.21% 
4 CS1S 5,185 5,196 5,208 23 0.44% 
5 CS2S 5,197 5,202 5,207 10 0.19% 
6 CS3S 5,202 5,214 5,226 24 0.46% 
7 SS1S 5,235 5,259 5,283 48 0.91% 
8 SS2S 5,262 5,273 5,284 22 0.42% 
9 SS3S 5,363 5,369 5,375 12 0.22% 
10 SS1W 1,901 1,908 1,915 14 0.73% 
11 SS2W 1,960 1,966 1,972 12 0.61% 
12 SS3W 1,937 1,939 1,941 4 0.21% 

 
Table 3-1 Footnotes: 

1. Min, Avg, and Max refer to the minimum, average, and maximum of the pressure fluctuation range 
at the point of instability. 

2. Range % is the range of pressure fluctuation from min to max divided by the average pressure. 
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4 DISCUSSION OF RESULTS  
Irregularities in the middle of the tests are periods where hydrostatic pump was temporarily paused. 
 
Numerous formulas for predicting the rupture strength of straight hollow cylindrical shells are available in 
the literature. It is not the intent of this report to develop an exhaustive comparison of these results with 
such formulas. However, as a simple means of comparison, the predicted burst pressure using two methods 
has been presented in Table 4-1. These estimates include Barlow’s equation using the mean diameter which 
has been proposed for a recent draft copy of B31.H and Turners [4] equation which is identical to that used 
in ASME VIII-2, Part 4. It is noted that for the diameter-to-thickness ratios considered here, these equations 
provide nearly the same result. 
 
As shown in Table 4-1, the rupture pressure of the carbon steel samples is predicted reasonably well. In 
comparison, the rupture pressure for the stainless steel samples is approximately 80% to 84% of that 
predicted by these equations. These findings for the stainless steel match similar results reported by 
Rodabaugh [1]. Further evaluation of these findings for stainless steel and the impact on design rules in the 
ASME Codes is suggested. 
 
 

Table 4-1 – Comparison of Calculated and Actual Burst Pressure 

# ID T Su Dm P1 =  
2TSu/Dm 

P2 = 
ln(OD/ID)*Su 

Pb Pb/P1 

  inches inches inches          psi        1            psi         2 psi  
1 CS1W 0.341 71,500 10.409 4,685 4,686 4,720 1.007 
2 CS2W 0.341 71,500 10.409 4,685 4,686 4,714 1.006 
3 CS3W 0.342 71,500 10.408 4,698 4,701 4,658 0.991 
4 CS1S 0.362 76,500 10.388 5,331 5,334 5,198 0.975 
5 CS2S 0.362 76,500 10.388 5,331 5,334 5,200 0.975 
6 CS3S 0.362 76,500 10.388 5,331 5,334 5,207 0.977 
7 SS1S 0.378 90,300 10.372 6,581 6,585 5,259 0.799 
8 SS2S 0.38 90,300 10.37 6,617 6,621 5,270 0.796 
9 SS3S 0.382 90,300 10.368 6,654 6,657 5,370 0.807 

10 SS1W 0.16 92,900 12.59 2,361 2,361 1,910 0.809 
11 SS2W 0.16 92,900 12.59 2,361 2,361 1,976 0.837 
12 SS3W 0.16 92,900 12.59 2,361 2,361 1,937 0.820 

 
Table 4-1 Footnotes: 

1. For the calculation of the estimated burst pressure, P1 = 2TSu/Dm, the “critical” thickness 
and minimum measured tensile strength (Su) has been used. The goal of this method is to 
calculate a lower bound estimate of the burst pressure using measured properties. 

2. P2 is equivalent to the pressure calculation in ASME VIII-2, Part 4 for cylindrical shells and 
is based on the Tresca stress limit approach as established by Turner [4]. For the range of 
D/T examined here, it is noted that the simple mean diameter equation, P1, gives 
approximately the same solution as Turner’s method. 
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5 CONCLUSIONS 
Burst test results for twelve straight pipe samples have been reported. These samples included carbon steel 
and stainless steel, with and without longitudinal weld seams. Tensile test results have been developed to 
document the physical strength properties of the test specimens. In addition, thorough measurements were 
taken to document the actual wall thickness for each test. Results for the carbon steel samples appear to be 
in line with predicted burst pressures. However, stainless steel samples consistently showed lower than 
predicted burst pressures. Future work should examine the potential impact of these findings in ASME 
Codes where burst predictions are developed or design pressures are established for stainless steel 
components and shells. 
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APPENDIX I 
 
 

MATERIAL TEST REPORTS 
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APPENDIX II 

TENSILE TEST REPORTS 
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BRYAN  LABORATORY,  INC.
METALLURGICAL CONSULTATION - INSPECTION - TESTING

ANALYTICAL SERVICES - FAILURE ANALYSIS

6919 ALMEDA ROAD (77021)

P. O. BOX 300366

HOUSTON, TX 77230-0366

TELEPHONE 713/747-7470    800/922-7470    FAX 713/747-7477

REPORT

Lab. No. B2L2-0693A November 4, 2022

ON: Steel Pipe

TO: Paulin Research Group
11211 Richmond Ave., Suite 109
Houston, Texas 77082-2671

Attention:  Mr. Tony Paulin

IDENTITY: A sample identified as a seamless pipe, marked CS - Seamless, 

Pi 10" SCH40 S/O 46568 HT. LX0174 A106-B PO# 46568-25012

TENSION TESTS

Specimens - 1-1/2" wide reduced sections,
Transverse (T) and Longitudinal (L)

Sample -    T - 1      T - 2      T - 3   

Yield Strength*, psi - 56,100 56,200 54,300

Tensile Strength, psi - 77,600 78,400 76,500

Elongation in 2", % - 36.1 37.6 32.1

Sample -    L - 1      L - 2      L - 3   

Yield Strength*, psi - 49,600 49,400 48,700

Tensile Strength, psi - 76,800 77,000 76,300

Elongation in 2", % - 39.2 38.5 38.9

*At 0.5% total extension

Respectfully submitted,

BRYAN LABORATORY, INC.

Signature on original only

Sam A. Bryan

/cd

NOTICE

The samples and/or specimens remaining from these tests or analyses will be discarded

seven days after the date of this report, unless arrangements are made to the contrary.
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BRYAN  LABORATORY,  INC.
METALLURGICAL CONSULTATION - INSPECTION - TESTING

ANALYTICAL SERVICES - FAILURE ANALYSIS

6919 ALMEDA ROAD (77021)

P. O. BOX 300366

HOUSTON, TX 77230-0366

TELEPHONE 713/747-7470    800/922-7470    FAX 713/747-7477

REPORT

Lab. No. B2L2-0693B November 4, 2022

ON: Steel Pipe

TO: Paulin Research Group
11211 Richmond Ave., Suite 109
Houston, Texas 77082-2671

Attention:  Mr. Tony Paulin

IDENTITY: A sample identified as a welded pipe, marked CS - Welded - ERW

Pi 10" SCH40 PO# 46568-25012 HT. 21023922 A53-B

TENSION TESTS

Specimens - 1-1/2" wide reduced sections, 
Transverse, 180E from the weld (Body),
across the weld (Weld) and 
Longitudinal, 90E from the weld (Long)

Sample - Body - 1 Body - 2 Body - 3

Yield Strength*, psi - 61,400 62,200 61,700

Tensile Strength, psi - 71,600 71,600 71,500

Elongation in 2", % - 35.4 34.7 37.5

Sample - Weld - 1 Weld - 2 Weld - 3

Tensile Strength, psi - 79,300 80,000 79,600

Sample - Long - 1 Long - 2 Long - 3

Yield Strength*, psi - 58,000 60,800 60,100

Tensile Strength, psi - 74,700 72,900 71,100

Elongation in 2", % - 33.5 33.4 36.3

*At 0.5% total extension

Respectfully submitted,

BRYAN LABORATORY, INC.

Signature on original only

Sam A. Bryan
/cd

NOTICE

The samples and/or specimens remaining from these tests or analyses will be discarded

seven days after the date of this report, unless arrangements are made to the contrary.
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BRYAN  LABORATORY,  INC.
METALLURGICAL CONSULTATION - INSPECTION - TESTING

ANALYTICAL SERVICES - FAILURE ANALYSIS

6919 ALMEDA ROAD (77021)

P. O. BOX 300366

HOUSTON, TX 77230-0366

TELEPHONE 713/747-7470    800/922-7470    FAX 713/747-7477

REPORT

Lab. No. B2L2-0693C November 4, 2022

ON: Stainless Steel Pipe

TO: Paulin Research Group
11211 Richmond Ave., Suite 109
Houston, Texas 77082-2671

Attention:  Mr. Tony Paulin

IDENTITY: A sample identified as a seamless pipe, marked SS - Seamless

Pi 10" SCH40 S/O 46568 PO# 46568-25012 HT. 126109 304L

TENSION TESTS

Specimens - 1-1/2" wide reduced sections,
Transverse (T) and Longitudinal (L)

Sample -    T - 1      T - 2      T - 3   

Yield Strength*, psi - 56,500 50,400 53,800

Tensile Strength, psi - 92,100 90,300 92,900

Elongation in 2", % - 69.1 68.9 72.2

Sample -    L - 1      L - 2      L - 3   

Yield Strength*, psi - 46,300 46,700 49,800

Tensile Strength, psi - 90,200 90,000 90,200

Elongation in 2", % - 72.8 70.9 73.3

*At 0.5% total extension

Respectfully submitted,

BRYAN LABORATORY, INC.

Signature on original only

Sam A. Bryan

/cd

NOTICE

The samples and/or specimens remaining from these tests or analyses will be discarded

seven days after the date of this report, unless arrangements are made to the contrary.
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