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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.

mprovement in analytical capability since the 1950s (when Markl developed the basic rules in the B31
iping codes used today) has improved the ability to numerically predict stress states. Unfortunately mqt
Il piping components are well defined geometrically or dimensionally in ASME standard documents.
arge D/T (ratio of mean header diameter to header nominal thickness) and d/D (ratio of mean|branch
iameter to mean header diameter) failures involve nonlinear characteristics that may mot be we
epresented by elastic analyses. In these cases, verification by test is considered essential.to verify th
redicted values and the method of analysis considered.

oy
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'his publication documents the results of phase II of work undertaken to investigate deficiencies in the
xisting test data sets identified during the data collection effort from ST-LLC Publication STP-PT-073.

()



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 11

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

JCH - Pipe Schedule

SIF - Stress Intensification Factors

§SI1 - Sustained Stress Indicators

§TD - Standard

JT-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
fimdimgof these Tesults Tsstaimtess steet sampies fatfed ata consistentty fTower pressure tham would otherwis
he 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 Length! Ph
Inches psi
1 CS1W 4,720
2| csaw | Carbon 11003020 | Welded A53-B 10” SCH 40 60 4,714
Steel ’
3 | CS3W 4,659
4 CSI1S 5,198
5 CS2S C;‘tr:e‘in LX0174 | Seamless A106-B 10” SCH 40 60 5,200
6 | CS3S 5,207
7 | SSIS , 3} 5,259
§ | ss2s | S@inless | 150100 | Seamless | A312-TP304/304L | | %eocH 60 5,270
o | ss3s | Steel WS 5370
10 | SSIW , . 1,910
11| ssaw | S@inless | 5950 | Welded | A312-TP304/3041%| 12 SCH 67 1,976
2 [ ss3w | Steel 108 1.937

Table 2-1 Footnotes:

1. “Length” represents the cut length of the pipe between thecireumferential 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.

Jpecimens were fabricated from straight pipe conforming to ASME B36.10M and ASME B36.19M wit
haterial specifications including A53-B, SA-106-B, and SA-312-TP304/304L. Material Test Report
IMTR’s) are provided for materials in.Appendix A. NPS (Nominal Pipe Size) 10 and NPS 12 pipes wer
sed in the testing. Each specimen consisted of a single length of straight pipe with ASME B16.9 weld cap,
at each end as shown in Figure 2=1. One 1/2" NPT (American National Standard Taper Pipe Thread) 6000
goupling was located in the center of one weld cap to allow for filling and pressurization.

o~ =
= O @ B

Figure 2-1 — Typical Test Specimen Design. See Table 2-1 for Dimensions. Drawing Not to Scale

LENGTH ASME B16.9

WELD CAP
/ STD WALL

ASME B16.11
1/2" NPT 6000# CPLG

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.

L=D,,

1
1—0.43787 01191
—] (Equation 1)

0.6866

'he ASME B16.9 weld caps (STD wall thickness) were attached at both ends of the pipe specimens usin
ull penetration welds completed by welders and weld procedures qualified to ASME IX. Sincethe selecte
ength was sufficient to eliminate end effects, carbon steel weld caps were used on all specimens, includin
he stainless steel pipe specimens. STD wall pipe caps were used on the 12”” SCH (Pipe Sc¢hedule) 10S pip|
amples for simplicity.

(7PN e T e S =

\ short sample from each parent pipe was removed to allow for circumferentialand longitudinal tensil
psts. Tensile tests were conducted for the base metal and weld metal, where applicable. Tests wer
erformed in accordance with ASTM ES8 by Bryan Labs in Houston, TX. Ténstle test results are summarize
h Table 2-2 with detailed reports in Appendix B. It should be noted that stress-strain curves shown i
A\ppendix B do not terminate at fracture. Instead, the end of the curve represents the point when th|
xtensometer was removed to avoid damage during fracture.

D Ny =y e N

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

j=maije)

o U9

O P =0 0

Minimum Average Maximum

# 1D Sy Su eu! Sy Su eu! Sy Su eu!

psi psi psi psi psi psi psi psi psi
1 CS1W
2 CS2W | 61,400 | 71,500 | 0.0789 | 61,767 | 71,567 | 0.0816 | 62,200 | 71,600 0.08%
3 CS3wW
4 CS1S
5 CS2S | 54,300 | 76,500~ 0.1071 | 55,533 | 77,500 | 0.1172 | 56,200 | 78,400 | 0.1255
6 CS3S
7 SS1S
8 SS2S | 50,400 90,300 | 0.2985 | 53,567 | 91,767 | 0.3034 | 56,500 | 92,900 | 0.3109
9 SS3S
10 | SSIW
11 SS2W. [\ 5,200 | 92,900 | 0.3385 | 45,400 | 93,200 | 0.3385 | 45,600 | 93,700 | 0.3450
12 SS3W

Table 2-2 Footnotes:
1. _eu’s the true strain at the ultimate load.

Q

ettt

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 Critical’
Inches Inches Inches Inches
CS1IW | 0.365 0.342 0.357 0.366 0.341
CS2W | 0.365 0.357 0.360 0.367 0.341
CS3W | 0.365 0.342 0.353 0.371 0.342
CSIS 0.365 0.366 0.376 0.392 0.362

CS2S 0365 0357 0371 0389 0362
CS3S 0.365 0.364 0.381 0.389 0.362
SS18S 0.365 0.376 0.386 0.396 0.378
SS28 0.365 0.376 0.387 0.394 0.380
SS38 0.365 0.380 0.388 0.402 0.382
SS1W 0.180 0.160 0.161 0.162 0.160
SS2W 0.180 0.160 0.161 0.163 0.160
SS3W 0.180 0.160 0.161 0.163 0.160

— | [ —
SIS S|ele|w|o|u|s|w|o|—

Table 2-3 Footnotes:
1. “Critical Thickness” is the minimum uniform thickness of a lo¢al'thin having a longituding
length of approximately sqrt(RT).

—

h all cases, specimens were filled with tap water at least one day“prior to testing and stored outdoors. Th|
yater temperature at the time of testing was near ambient témperature.

<

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.

|

" o NS 1 1 | E [ 1 0" =]
PRESSURE
HYDROSTATIC SURGE THROTTLING
PUMP BOTTLE VALVE RELIEF GAUGE XMTR BURST SPECIMEN

VALVE

A pneumatically driven hydraulic pump capable of 30,000 psi was used for the test. Pressure throughoy
dach tesf\was monitored & recorded using an Omega PX309 pressure transducer with a maximum pressur
dapaeity*of 10 ksi and accuracy of 0.50% of the full scale range (i.e. 50 psig). Pressure readings were take

Ambient temperature during testing varied from approximately 65<F to 85°F during testing over this period.

—

t
9
n
c

t asample rate of 20ms using a LabView package and data acquisition system. Figures 2-3 thru 2-7 provid|

typical pressure time history plots for the tests. Additionally, a 10 Ksi pressure dial gauge was used 1or

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 singl

€

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

G000
Te?{#s  Test#7 C-
5000 Test#2
| ._.......':...___ I
Test #1 \/ 7z /% Testss
Test #4
— 4000
wn
=1
g
=
W
w
[a}]
i 3000 -l__
\
Test #6 Test #6 I
Test#4
Test#2 Test #8
1000 N>
el A J. |
1000 2000 3000 4000 5000 6000 7000 8000 |
Seconds

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.2 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
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* 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.

10
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Figure 3-3 — 12” Welded Stainless Steel Specimen (Left) Undergoing Pressurization With 10”
Seamless Stainless Samples (Right) Ready for Testing.

11
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Figure 3-5 — Carbon Steel Specimens Captured at the Moment of Rupture (CS1W bottom and
CS3W top).

12
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Figure 3-7 — Specimen #10 (SS1W) After Rupture
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Figure 3-9 - Stainless Steel Specimens After Rupture

14
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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
d S, d D1d ."' UCEd dlll C Y C AllC PDLCU U Cd d '!lll V' C dlC d W '”1
ater 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-

the mean of the range of pressure fluctuation. The point of instability is considered the point at which the
lope of the pressure-time curve inverts. An ideal example of a point of instability is shewn for samples 1,
, and 3 near time 1,200 seconds. Where a clear inversion did not exist, the burst pfessure is taken as the
ighest uniform pressure. For example, Test 10 near 5,000 second is such a case.

o willl NO

\n alternative definition for the burst pressure could have been that at the\time of rupture or fracturg.
lowever, this is not an ideal choice as it does not represent the maximumy’ load carrying capacity of th
pecimen. Such an approach would be akin to using the stress at fractre'from a tensile test rather than th|
Itimate stress. Had the pump rate been increased to hold the pressure at the point of instability and nd
llowed to reduce as plastic flow began, the pressure to cause fracture would have been equal to that at th
oint of instability.

Lo T < T i ¢ 2 B e o B N
D =~ O O

=

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 Min' Avg! Max! Range Range?
psig psig psig psig %
1 | CSIW | 4500 4,721 4,742 42 0.89%
2 | CS2W_[\\. 4,704 4,712 4,721 17 0.36%
3 | CS3WN 4,667 4,696 4,724 57 1.21%
4 CS1S 5,185 5,196 5,208 23 0.44%
5 GS2S 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 SS28 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 | SS3wW 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

h

as been presented in Table 4-1. These estimates include Barlow’s equation using the mean diameter whic

h

H
i
It

Nl = o T o T N

as been proposed for a recent draft copy of B31.H and Turners [4] equation which is identical to that use
h ASME VIII-2, Part 4. It is noted that for the diameter-to-thickness ratios considered here, these equation
rovide nearly the same result.

\s shown in Table 4-1, the rupture pressure of the carbon steel samples is predicted reasonably well. I
omparison, the rupture pressure for the stainless steel samples is approximately 80% ‘to 84% of thg
redicted by these equations. These findings for the stainless steel match similaryresults reported b
Yodabaugh [1]. Further evaluation of these findings for stainless steel and the impa¢t on design rules in th|
ASME Codes is suggested.

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

d
S

O < = =

# ID T Su Dm P1= P2 = Pb Pb/P1
2TSu/Dm, In(OD/ID)*Su
inches inches inches psi . psi 2| psi
1 CS1W 0.341 71,500 10.409 4,685 4,686 4,720 1.007
2 | CS2wW 0.341 71,500 10.409 4,685 4,686 4,714 1.006
3 | CS3wW 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 SSI1S 0.378 90,300 10372 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

[able 4-1 Footnotes:
1. For the'calculation of the estimated burst pressure, P1 = 2TSu/Dm, the “critical” thicknes
and tmiihimum measured tensile strength (Su) has been used. The goal of this method is t
caleulate a lower bound estimate of the burst pressure using measured properties.
25\ P2 is equivalent to the pressure calculation in ASME VIII-2, Part 4 for cylindrical shells an
is based on the Tresca stress limit approach as established by Turner [4]. For the range d
D/T examined here, it is noted that the simple mean diameter equation, P1, give
approximately the same solution as Turner’s method.

2]

2=
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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
(odes where burst predictions are developed or design pressures are established for stainless stegl
domponents and shells.
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APPENDIX |

MATERIAL TEST REPORTS
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CERTIFIETD MATERTIDAL TES T REPORT

INDUSTRIAL VALCO-HOUSTON P.O. PMO32HA

3135 E[ ANA ST ORDER # 01 753496

RANCHO| DOMINGUEZ, CA 90221 4/25/22

1/2 6MTD HFCP Al105 QOTY: 25

HEAT CODE: 43J2C MATERIAL: A105

ASTM SPEC: A105 SPEC. YEAR: 21 SPEC. REV¢

UNS NUMBER: K03504
CHEMICAT ANATLYSTIS (%)

C MN p S ST NI CR MO QU AL Y

.200 1.030 .006 .004 .250 .050 .080 .020 .110 .027 < |001
PHYSTICAL ANALYSIS

YS TS $EL 4D %RA HARDNESS HARDNES2 GRAIN C.E=

(PSTI) (PSI) % 4D % (HB) (HB)

50667 79900 30.000 56.000 162 161 8.00 .40

Original Mill Name: STEEL DYNAMICS,. Original Heat Code’ A216027. Bar Sirze: 1.500

Cust PN{ 3NM-D

Country|of Origin: United States. Country of Origin is Country of Melt.
Manufacfured to: ASME B16.11 - 2016
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SME SECTION II SAl05 2019 ED

MATERIAL IS FINE GRAIN PRACTICE PER ASTM A29 ARUMINUM CONTENT
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NQ WELD REPATIRED MATERIAL - MADE IN THE U.S.A\

AS OF THE|ORIGINAL MTR PRINT DATE, ARTICLES AS SUPPLIED BY PENN MACHINE HAVE NO INTENDED SUBSTANCE RELEASE, | NOR CONTAIN
ANY SIGNIFICANT AMOUNT (DQ NOT EXCEED 0.1l WT%) OF CHEMICAL COMPOUNDS ON THE EU CANDIDATE LIST OF SVHC (ARTICLE 59(10))
PER ECHA GUIDELINE RIP 3.8, AND THUS THERE. IS NO OBLIGATON TQO REGISTER THEM UNDER REACH.
THE PRODU4TS SUPPLIED ARE IN COMPLIANGE\WITH THE REQUIREMENTS OF THE ORDER, AND IN WHICH PMW SUPPLIES TEST RESULTS.

WE HEREBY CERTIFY THAT THE REPORTED FIGURES ARE CORRECT AS CONTAINED IN THE RECORDS OF THE
CORPORATION. . T
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NIPPON STEEL CORPORATION

i NIPPON STEEL S
1850, MINATO, WAKAYAMA, JAPAN

INSPECTION CERTIFICATE CERTIFICATE NO. :WYYK1698-03 PAGE : 1/2  DATE :2022-02-27
CUSTOMER :ALLIED STAINLESS GROUP INC

ORDER NO. 128372

SHIPPER :070 125-PC7099 2-848-N3-5-1-5756-01

COMMODITY :SEAMLESS HOT FINISHED STAINLESS STEEL PIPE

STANDARD :ASTM A312-19 / ASME 2019 EDITION SA-312 TP304

ASTM A312-19 / ASME 2019 EDITION SA-312 TP304L

AD70. 10 [ AN ON1A TR Yo s
ASHAST619—FASHE 2019 FDTTION-SA=376—TP30Z

SPECIFICATION

MILL WORK NO. :WYYK1698 0.D.:NPS10 W.T.:SCH40S LENGTH:MIN.20feet MAX. 24fect QUANTITY:6pcs
TOTAL LENGTH:139. 48feet MASS:2564kg (56481bs)

HEAT NO. :F124085 F126109 -

PRODUCTS PCS. :1 5

HEAT TREATMENT :SOLUTION TREATED(1922°F X 5min. W.Q.)

CHEMICAL COMPOSITION (%)

C Si Mn P S Cr Ni Mo N Pb =*PI
*], *4 *4 k4 *3  *3 *5 *2
SPEC. MIN. I - ~ - - ~ 180 80 - - - k|
MAX. Ll 35 75 200 45 30 200 110 - - 1 -
MIN. P - - - - -~-180 8 - - -0O=
MAX. Pl 35 75 200 45 30 200 110 - - 1 -

HEAT NO.
F124085 L 14 39 147 24 0 182 92 301151 0 21
Pi 16 39 147 24 0 182 92 < - 0 -
F126109 L 15 42 137 24 0 182 92 1571100 0 20
Pi 14 42 137 24 0 182 92 - - 0 ~

*1 L:LADLE ANALYSIS P:PRODUCT ANALYSIS #2:X1 #3:X1Q “4:X1000 *5:X10000 OTHER: X100
*PI PITTING INDEX:Cr+3. 3Mo+16N

TENSILE TEST

YS TS EL
%1 %3 *3 %3 %
SPEC. MIN. L B P 3070 P 75.0 35
MAX. L B P = P - -

HEAT NO.
124085 L B P 46.0 P 86.7 65
F126109 L B P 44.8 P 851 67

YPE OF SPECIMEN:STRIP 1~1/2in. WIDTH #*1 SAMPLING DIRECTION L:LONGITUDINAL =*2 SAMPLING POSITION B:BASE METAL
k3 UNIT P:ksi GAUGE LENGTH:2.0in. KIND OF YS:0.5% EXTENSION UNDER LOAD

WE/HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN MADE IN ACCORDANCE WITH THE RIiES QF THE CONTRACT.

7 M TAKAFUMI SATSUKI

HEAD OF DEPARTMENT
QUALITY ASSURANCE DEPARTMENT
<{Notice> NO. 319063W22
Modification to or unauthorized use of this certificate is strictly prohibited. If you have any questions on the
authenticity of this certificate, you can contact us by E-mail, pipe-ipp@jp. nipponsteel. com .
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NIPPON STEEL CORPORATION

il NIPPON STEEL o A

INSPECTION CERTIFICATE CERTIFICATE NO. :WYYK1698-03 PAGE : 1/2 DATE :2022-02-27
CUSTOMER :ALLIED STAINLESS GROUP INC

ORDER NO. 128372

SHIPPER :070 125-PC7099 2-848-N3~5-1-5756-01

COMMODITY :SEAMLESS HOT FINISHED STAINLESS STEEL PIPE

STANDARD :ASTM A312-19 / ASME 2019 EDITION SA-312 TP304

ASTM A312-19 / ASME 2019 EDITION SA-312 TP304L
ASTM A376-19 / ASME 2019 EDITION SA-376-TP304

SPECIFICATION

MILL WORK NO. :WYYK1698 0.D. :NPS10 W.T.:SCH40S LENGTH:MIN. 20feet MAX. 24feet QUANTITY:6pcs:
TOTAL LENGTH:139.48feet MASS:2564kg (56481bs)

HEAT NO. :F124085 F126109 -

PRODUCTS PCS. :1 5

HEAT TREATMENT :SOLUTION TREATED(1922°F X Smin. W.Q.)

CHEMICAL COMPOSITION (%)

C Si Mn P S Cr Ni Mo N Pb =*PI
*1 *4 ¥4 ¥4 *3 *3 *5 *2
SPEC. MIN. L - - - - - 180 80 - - - -
MAX. L| 35 75 200 45 30 200 110 - - 1 B
MIN. P - - - - - 180 80 - - - -
MAX. Pl 35 75 200 45 30 200 110 = - 1 -

HEAT NO.
F124085 L} 14 39 147 24 0 182 92 301154 0 21
Py 16 39 147 24 0 182 92 - - 0 -
F126109 Ll 15 42 137 24 0 182 92 151100 0 20
Pl 14 42 137 24 0 182 92 - - 0 -

%] L:LADLE ANALYSIS P:PRODUCT ANALYSIS #2:X1 #3:X10°#4:X1000 *5:X10000 OTHER:X100
*PI PITTING INDEX:Cr+3. 3Mo+16N

TENSILE TEST

YS TS EL
] %2 *3 ¥3 %
SPEC. MIN. L B P 30-0 P 75.0 35
MAX. L B P < P - -

HEAT NO.
124085 L B P 46.0 P 86.7 65
F126109 L B P 44.8 P 851 67

TYPE OF SPECIMEN:STRIP }=1/2in. WIDTH #1 SAMPLING DIRECTION L:LONGITUDINAL *2 SAMPLING POSITION B:BASE METAL
*#3 UNIT P'ksi GAUGE LENGTH:2.0in. KIND OF YS:0.5% EXTENSION UNDER LOAD

WE~HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN MADE IN ACCORDANCE WITH THE RULES OF THE CONTRACT.

7 M TAKAFUMI SATSUKI

HEAD OF DEPARTMENT
QUALITY ASSURANCE DEPARTMENT
<{Notice) NO. 319063W22
Modification to or unauthorized use of this certificate is strictly prohibited. If you have any questions on the
authenticity of this certificate, you can contact us by E-mail, pipe—ipp@jp. nipponsteel. com .
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NIPPON STEEL CORPORATION

NIPPON STEEL 1680, MINATO, AKAYAWA, TAPAN

7Y

INSPECTION CERTIFICATE CERTIFICATE NO. :WYYK1698-03 PAGE : 2/2 DATE :2022-02-27

HARDNESS TEST( HRB )

1 %2 *3
SPEC. MIN. BC -
AX. B C 100
HEAT NO. L @ @
F124085 BC B2 83 83
F126109 B C 82 82 82

*1 SAMPLING POSITION B:BASE METAL *2 LOCATION C:CROSS SECTION 3 EACH (1)~ (3): IMPRESSION NO.

CORROSION TEST (ASTM A262-E) : ACCEPTABLE
CORROSION TEST (MIL-P-24691/3) : ACCEPTABLE
FLATTENING TEST: ACCEPTABLE

VISUAL & DIMENSIONS: ACCEPTABLE

ULTRASONIC EXAMINATION STANDARD PRACTICE REFERENCE DISCONTINUITIES (ASME SA-999/SE-213 U-SHAPED NOTCH) : ACCHPTABLE

POSITIVE MATERIAL IDENTIFICATION TEST: ACCEPTABLE

NO WELD REPAIR

CERTIFIED ACCORDING TO PED2014/68/EU, ANNEX I, PAR. 4.3 BY TUEV RHEINLAND INDUSTRIE,SERVICE GmbH
(NOTIFIED BODY, ID-No. 0035/CERTIFICATE No. 01 202 J/Q-02 0017)

MATERIAL WOULD NOT BE AFFECTED BY MERCURY CONTAMINATION

COUNTRY OF MELT: JAPAN

NACE MRO175/IS0 15156, NACE MR0O103/ISO 17945 HARDNESS: GUARANTEED

PICKLED AND PASSIVATED CONDITION

PMI100%

MATERIAL FREE OF DETECTABLE RADIOACTIVE CONTAMINATION DURING PRODUCTION
CONTAMINATION BY CARBON STEEL AND HALOGENS/CHLORIDES WOULD NOT BE DETECTED
4ISSS10

EN 10204 3.1

WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN MADE TN ACCORDANCE WITH THE RULES OF THE CONTRACT
7 W TAKAFUMI SATSUKI
HEAD OF DEPARTMENT
QUALITY ASSURANCE DEPARTMENT
{Notice> NO. 319063W22

Modification to or unauthorized use of this certificate is strictly prohibited. If you have any questions on the

authenticity of this certificate, you can contact us by E-mail, pipe—ipp@jp. nipponsteel. com
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APPENDIX II

TENSILE TEST REPORTS
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BRYAN LABORATORY, INC.

ANALYTICAL SERVICES - FAILURE ANALYSIS
6919 ALMEDA RoAD (77021)

P. 0. Box 300366

HousToN, TX 77230-0366
TELEPHONE 713/747-7470 800/922-7470 FAx713/747-7477

REPORT

[ab. No. B2L2-0693A
ON: Steel Pipe

TO: Paulin Research Group

Specimens

Sample

Yield Strength*, psi
Tensile Strength, psi
Elongation in 2", %

Sample

Yield Strength*, psi
Tensile Strength, psi
Elongation in"2", %

*At 0.5% total extension

11211 Richmond Ave., Suite 109
Houston, Texas 77082-2671

Attention: Mr. Tony Paulin

TENSION TESTS

November 4, 2022

IDENTITY: A sample identified as a seamless pipe, marked CS - .Seamless,
Pi 10" SCH40 S/O 46568 HT. LX0174 A106-B PO#46568-25012

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

_T-1 _T-2
56,100 56,200
77,600 78,400

36.1 37.6

L -1 L-2
49,600 49,400
76,800 77,000
39.2 38.5

_T-3
54,300
76,500

32.1

L-3
48,700
76,300

38.9

Respectfully submitted,
BRYAN LABORATORY, INC.

Signature on original only

/cd

NOTICE

Sam A. Bryan

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.

ANALYTICAL SERVICES - FAILURE ANALYSIS
6919 ALMEDA RoAD (77021)
P. 0. Box 300366
HousToN, TX 77230-0366
TELEPHONE 713/747-7470 800/922-7470 Fax 713/747-7477

REPORT
[ab. 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, 180° from the weld (Body),
across the weld (Weld) and
Longitudinal, 90° 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", % - 354 34.7 37.5
Sample - Weld - 1 Weld - 2 Weld - 3
Tensile Stréngth, 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", % - 33.5 334 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.

ANALYTICAL SERVICES - FAILURE ANALYSIS
6919 ALMEDA RoAD (77021)

P. 0. Box 300366

HousToN, TX 77230-0366
TELEPHONE 713/747-7470 800/922-7470 FAx713/747-7477

REPORT

[ab. No. B2L2-0693C
ON: Stainless Steel Pipe

TO: Paulin Research Group

Specimens

Sample

Yield Strength*, psi
Tensile Strength, psi
Elongation in 2", %

Sample

Yield Strength*, psi
Tensile Strength, psi
Elongation in"2", %

*At 0.5% total extension

11211 Richmond Ave., Suite 109
Houston, Texas 77082-2671

Attention: Mr. Tony Paulin

TENSION TESTS

November 4, 2022

IDENTITY: A sample identified as a seamless pipe, marked SS - . Seamless
Pi 10" SCH40 S/O 46568 PO# 46568-25012 HT. 126109 304L

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

_T-1 _T-2
56,500 50,400
92,100 90,300

69.1 68.9

L -1 L-2
46,300 46,700
90,200 90,000
72.8 70.9

_T-3
53,800
92,900

722

L-3
49,800
90,200

73.3

Respectfully submitted,
BRYAN LABORATORY, INC.

Signature on original only

/cd

NOTICE

Sam A. Bryan

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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