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EXPERIMENTAL TESTING OF THE PIKOTEK
6'' CLASS 1500# HP VCS FLANGE GASKET

SUMMARY

Pikotek of Lakewood, Colorado requested that Stress Engineering Services, Inc. of Houston, Texas
test the 6" Class 1500# HP VCS flange gasket considering both pressure and bending loads. Testing
involved make-up of the flange assemblies, a hydrotest to 9,900 psi (one and a half times the
working pressure), cyclic testing to 6,600 psi using nitrogen gas, and a bending test which involved
the application of 50,000 ft-lbs. in conjunction with five pressure cycles to 6,600 psi using nitrogen

gas. Testing Procedure 9752T2 provided by Pikotek was used in conducting the work.

The objective in testing was to verify that no leakage would occur under any of the imposed loading
conditions. Leakage was determined by pressure-monitoring in addition to a bubble leakage
detection system. Two of the twelve studs were fitted with strain gages so that strain could be

monitored during make-up (to insure adequate pre-load) and during the testing.

The results of the testing indicate that the Pikotek gasket design satisfied the minimum requirements
of the test procedure. During the hydrotest, the pressure dropped from 9,924 psi to 9,834 psi after
a 60-minute hold (the test procedure permitted a pressure decrease up to 500 psi during this same
time interval). During the nitrogen cycle testing, the maximum pressure drop (of the 10 cycles
conducted) was from 6,648 psi to 6,620 psi (the test procedure permitted an internal pressure
decrease of 330 psi during this same time interval). When the 50,000 ft-Ibs. bending test was
conducted, the maximum pressure drop was from 6,628 psi to 6,586 psi (leakage criterion same as
for the nitrogen cycle testing). Therefore, the conclusion is that the Pikotek 6" Class 1500# HP VCS

flange gasket satisfies the minimum requirements as set forth in the Pikotek Testing Procedure.



INTRODUCTION

Prior to conducting the tests, the testing assembly was fabricated. The components involved in this
assembly were,

. 6" Class 1500# ASME 16.5 flanges with a bore diameter of 5.38-5.41 inches

o Studs and nuts for the respective flanges, Grades A193-B7 and A194, respectively

° 6" XXS end caps

. 6" pipe joints to be used in the bending testing (XXS, 0.864 inch wall thickness).

The assembles were constructed by welding the end caps to the flanges. Ports were drilled and
tapped in the end caps to accommodate the necessary pressure equipment. Attached to each of the
two end caps were pipe segments for the purpose of applying bending to the flanges. Also welded
to these pipe joints were Stress Engineering Services, Inc. (SES) end caps that match the load frame
for conducting the bending testing. Figure 1 provides a photograph of the assembly prior to make-
up. It should be noted in this figure that a filler bar was placed inside the flanges to minimize the
volume required for pressurization. Provided in Appendix A are the Mill Test Reports for the
various components of the flange assembly. The bore diameters of the flanges were verified to be

within the 5.38-5.41 inch range prior to testing.

For the purpose of measuring strain in the bolting, two of the twelve studs were fitted with gages (at
0, 90, and 180° relative to the flange orientation) in order to capture strain in the bolting during
make-up and testing. These two studs were machined down to the minor diameter for ease in

mounting the strain gages. Figure 2 provides a photograph of this set-up.

Strain gages were also placed on one of the flanges and on one of the pipe segments. Figure 3 and
Figure 4 show these strain gage installations, respectively. The purpose of installing gages on the
pipe was for monitoring strain during the bending process and to ensure that the correct level of

bending was applied. Gages on the pipe were installed at -90, 0, and +90 relative to the neutral axis

of the pipe.



Considering a bending moment of 50,000 ft-lbs. and the given pipe geometry, the strain is computed

using the following equation,

Mc 600,000in~lbs - 3.3125inches

€ = 2 = = = 998 i‘l‘e
E EI 30X10%psi - 66.3in?
where: M Bending moment (in-1bs)
c Outer radius (inches)

E Young’s Modulus (psi)
I Moment of Inertia (in*)

pe Microstrain (strain multiplied by 10°).

During the bending testing, this value was the target strain level (tension on top/compression on

bottom).

After completion of the flange assemblies and installation of the strain gages, the make-up condition
was established by torquing the bolting up to 680 ft-1bs. incrementally at 30, 65, and 100% of the
specified torque. A cris-cross pattern was used in the flange make-up. Strain gage readings were
taken at each of these torque intervals. Appendix B provides a computer listing of the strain readings
taken at the specified intervals during the make-up and testing process. For purposes of validating
the bolt stresses, consider the following relation which incorporates bolt stress, bolt friction, bolt

size, and applied torque.

T = KFd

where: Applied torque (in-1bs)
Friction factor (assume 0.15)

Bolt force (calculated by multiplying bolt stress by bolt area, Ibs.)

e momoH

Bolt major diameter (inches).



The previous equation is rearranged to determine the bolt force for a given torque and is calculated

as follows,

g T _ (680fi-lbs 12inlft) _ 39 564y
Kd  (0.15 - 1.375in)

This value is then used to compute the bolt stress by dividing by the tensile stress area (1.155 in?).
This corresponds to a bolt stress of 34,254 psi. Using this bolt stress, the strain in the bolt is

computed to be,

The axial strain in the Bolt #1 as measured by the strain gages (see Rosette #2 at 680 ft-1bs. torque
in Appendix B) was 1,151 pe and in Bolt #2 (Rosette #5) the axial strain was 1,144 pe. Both of

these experimental values show excellent agreement with the theoretical bolt strain.

The torquing of the bolt was accomplished using a hydraulic wrench as shown in Figure 5, but
calibration of the torque was accomplished using a calibrated torque wrench. The final torque values

obtained using these two devices were close.

Once the make-up process was complete, the flange assembly was placed in the SES 2.5 million Ib.
load frame. This load frame is capable of generating 2.5 million pounds in tension, 1 million in
compression, and 100,000 ft-Ibs. in bending. Figure 6 provides a photograph of flange assembly
installed in the load frame. For the purposes of this testing, the sample was pressurized (for the
hydrostatic and nitrogen cycle testing) and the load frame served only as a cradle; however, in the
bending phase of the testing the load frame placed a bending moment of 50,000 ft-Ibs. on the sample
using a combination of hydraulic cylinders (the top one acting in compression and the bottom one

acting in tension).

Before conducting the pressure testing, a rubber boot was placed around the flanges for the purpose

of detecting leaks should they occur. Figure 7 and Figure 8 show the flange assembly before and
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after the installation of the rubber boot, respectively. As seen in Figure 7, a copper tube is placed
on the inside of the boot and runs to an outside bath (via plastic hose) where leak detection is made
possible by the detection of bubbles. Several pounds of pressure (less than 5 psi) were blown into
the boot after it was attached to the flanges to insure that no leakage was possible. No leakage
occurred through the boot set-up. Because of the tight fit-up between the nuts and external flange
surface and lubricating grease there was no leakage through the bolting. As stated previously, the
primary indicator of leakage was the pressure; however, the boot system served as a secondary

indicator.

During the bending test, the amount of bending was controlled using the load provided by the
hydraulic cylinders. As a check, the strain gages mounted on the pipe were monitored to ensure that
the proper amount of bending was being applied. Prior to the bending test, the strain gages located

on the pipe were zeroed to remove the effects of weight.

TESTING PROCEDURE

This section of the report provides a summary of the Pikotek Testing Procedure, 9752T2 Rev. B,
dated November 25, 1997. A copy of this test procedure is provided in Appendix C. Also provided
in this appendix are the calibration sheets for the torque wrench, temperature probe, and pressure
transducer as requested by the Testing Procedure. The major components or stages of the testing
procedure are as follows,

1. Install strain gages on the studs and flange

2. Torque the bolting using a cris-cross pattern to 680 ft-1bs.

3. Conduct a preliminary hydrostatic test to 3,300 psi to shakedown the strain gages and equipment
4. Conduct a hydrostatic test to 9,900 psi and hold for 60 minutes

5. Conduct a cyclic nitrogen test by cycling between 0 and 6,600 psi for 10 cycles (30 minute holds)
6. Apply 50,000 ft-Ibs. and repeat Step #5 for 5 cycles with 10 minutes holds

7. Disassemble the flanges and inspect the gasket.



Strain gage readings were taken at the end of each of the specified torque levels (30, 65 and 100%).

During the pressure and bending testing, strains and pressure were monitored continuously.

RESULTS

An extensive amount of strain gage data was taken during the testing process. For this reason, the
Results section will be divided into the following sections,

. Make-up Testing

. Hydrotest to 9,900 psi with a 60 minute hold

. Nitrogen cycle tests to 6,600 psi with a 30 minute holds

. Bending Test to 50,000 Ibs. with cyclic nitrogen applications to 6,600 psi/10 minute holds.

In each of the following sections, strain and pressure will be presented as appropriate.

Make-up Testing

Strain readings were taken at the end of the torque process at the specified intervals (30, 65, and
100% of the 680 ft-1bs. maximum). Readings were also taken at O ft-Ibs. after the gages had been
zeroed. Appendix B provides a listing of all the strains taken during make-up in addition to strain
readings taken before the hydrostatic and during the bending test. Table 1 provides a listing of the
strain gage locations as they relate to the Rosette Number and the Channel. Bolt #1 was located at
the top position of the flange (when placed in the load frame), and Bolt #2 is located on the bottom

of the flange (180° from Bolt #1).

As discussed previously, the strain in the bolting was used to monitor that a sufficient level of pre-
load was established in the make-up process. The axial strain in Bolt #1 as measured by the strain
gages (see Rosette #5 at 680 fi-Ibs. torque in Appendix B) was 1,151 pe and in Bolt #2 the axial
strain was 1,144 pe (see Rosette #12). Both of these measured strain values show excellent
agreement with the theoretical bolt strain of 1,141 pe at 680 ft-1bs. A strain measurement of 1,141

e equals a stress of approximately 34 ksi.



One issue worth noting is the orientation of the strain gages on the bolting relative to the bending
axis of the flanges. The alignment of Bolt #1 aligned perfectly with the orientation of the flange. In
other words, the 0° position on the flange (top in this case) aligned with the 0° position on the bolt.
This orientation is not easy to achieve because of the tendency the bolt has to rotate in the process
of being torqued. The alignment for Bolt #2 was approximately 65° offset from the flange

orientation. The information presented in Table 1 reflects these configurations.

Hydrostatic Testing

After the make-up testing was completed, a preliminary hydrostatic test was conducted to ensure that
all of the strain gages, pressure transducers, and data acquisition system were calibrated and working
properly. Data will not be reported for this phase of the testing. All indications showed that the
measuring devices were working correctly. On the day of testing, the laboratory temperature was

approximately 65°F.

The hydrostatic test was conducted by pressurizing the flange assembly to 9,900 psi using water. The
pressure was held at this position for 60 minutes. Unlike the bolting make-up where strain gage
readings were taken at the end of each torque-up stage (225, 450 and 860 ft-1bs.), readings were
taken continuously for all measurement devices during the hydrotest. Appendix D provides a plot
showing the following variables as functions of time,

. Internal pressure (up to 9,900 psi)

. Axial strain gage readings at 0, 90, and 180° on Bolt #1

. Axial strain gage readings at 65, 155, and 245° on Bolt #2

. Hoop and axial strain gage readings on the flange.

There are several noteworthy observations in relation to the data provided in Figure D1 of

Appendix D.

. During the 60-minute pressure hold, there was a drop in pressure from 9,924 psi to 9,834 psi,
which was less than the 500 psi drop permitted by the Pikotek Testing Procedure.

o Once the desired internal pressure was established, there was no change in the bolt strain as

indicated by the measurements for Bolt #1 and Bolt #2.



Nitrogen Cycle Testing

At the completion of the hydrotesting, water was removed from the flange assembly and the nitrogen
gas pressure system was attached. The process for pressurizing with nitrogen gas involved the

following steps,

. Pressurize sample to 6,600 psi
. Hold pressure for 30 minutes
o Drop pressure down to zero and repeat process as necessary.

These steps were carried out to provide a total of 10 pressure cycles.

In the course of conducting the testing, several data points were taken and visually observed. These
values were internal pressure and temperature on the exterior surface of the flange and are recorded
in Table 3. The objective in carrying out this task was to monitor the changes in pressure and
temperature that occurred before and after the testing. The temperature change is important when
considering a compressible gas such as nitrogen. The temperature drop as listed will not directly
correspond to the magnitude of the temperature decrease on the inside of the chamber; however, it

is apparent from the information presented that a decrease occurred for each of the pressure cycles.

As noted in Table 2, the largest drop in pressure was 46 psi (6,648 to 6,602 psi) in Cycle #6 which
is well within the permitted pressure drop as specified in the Pikotek Testing Procedure (a permitted
pressure drop of 330 psi). Also, no bubbles appeared in the leakage detection system during the
course of testing. This indicates that no leaks developed within the confines of the boot region. In

addition to monitoring the pressure drop, this method is an additional indicator of leakage.

Appendix E contains the plots showing strain in the bolting and flange as a function of cycle time
for the nitrogen cycle testing (Figure E1 through E10). There are two main observations that are
made in observing these plots,

. In the course of conducting the nitrogen testing, there is minimal change in the strain

readings for the various members when comparing results between the cycles. This is



important because it shows the consistent behavior exhibited by the flange and gasket in the

presence of cyclic loading.

The pressure drop during the 30-minute hold was small, certainly within the limits permitted

by the Pikotek Testing Procedure.

Bending Test with Nitrogen Cycling

After the nitrogen cycle testing was completed, the bending testing was initiated. The basic steps

involved in this testing were,

Apply a bending moment of 50,000 ft-1bs to the sample (validated using SES load readings
and strain gages located on pipe)

Apply pressure of 6,600 psi to sample using nitrogen gas

Hold pressure for 10 minutes

Drop pressure to O psi

Repeat above steps as required.

These steps were carried out to provide a total of 5 pressure cycles. The 50,000 ft-lbs. bending

moment was maintained during all pressure cycling.

As mentioned previously, the strain in the piping attached to the flanges was monitored during the

testing to ensure that the correct level of bending was being applied. The strain data (listed in

Appendix B) indicates that the strain in the pipe with the applied bending was 1008 pe on top

surface and -996 pe on the bottom of the pipe (channels 20 and 23, respectively).

The experimental strain values compare accurately with the calculated value as shown below,

Mc 600,000 in-lbs. - 3.3125in
€ pending = = — == = 998.8 pe
El 30X10%psi - 66.3in

As with any member placed in bending, the exterior surfaces have bending strains (one in

compression and one in tension), while there exists a neutral axis along which no bending strain



exists. As indicated in the above equation, this occurs when the value for ¢ is zero. Strain gages were

placed on the piping attached to the flanges at 0, 90, and 180° for the purpose of detecting this strain

pattern.

As with the nitrogen cycle testing, strain and pressure were monitored during the course of the
bending test. Appendix F provides the plot associated with these data (Figure F1). In addition to
the internal pressure and bolt/flange strain, readings are also presented for the strain gages placed
on the piping. As expected, the top surface strain was in tension, while the strain gages located at
180° (on the bottom) were in compression. Strain data is also provided in Appendix B for the
bending test (last set of data). Even though no bending strain exists along the neutral axis, it is
possible to generate membrane strain at this location in response to internal pressure. The negative
axial strain measured on the neutral axis of the pipe (see Figure F1) is in response to this

phenomenon.

There are several important considerations in studying the Appendix F plot and the data in

Appendix B.

. The strains in the bolting change as a direct result of the bending process, as would be
expected. In studying the axial strain readings for the bolts at 0 and 180°, the strain in the top
bolt is increased while the strain in the bolt at 180° is decreased. Consider the following

changes in strain data between the make-up condition and the flange assembly subjected to

50,000 ft-lbs.,
Axial Strain in Top Bolt (Channel 5) 1151 pe (Makeup) 1285 pe (Bending)
Net change of +145 pe
Axial Strain in Bottom Bolt (Channel 12) 1144 pe (Makeup) 983 ue (Bending)
Net change of -161 pe
. The primary objective in subjecting the flange assembly to 50,000 ft-Ibs. was to determine

if under these conditions the gasket would seal the flanges. During testing, no leakage was

detected considering either the bubble leakage system or decreases in internal pressure.
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o The maximum drop in pressure measured during the bending test was 42 psi (see Table 3,
Cycle #4 and #5), which is considerably less than the permitted 330 psi as provided by the

Pikotek Testing Procedure.

Post-testing Examination

After the completion of the testing, the flange halves were disassembled and measurements were
taken of the gasket. Figure 9 is a photograph of the flanges and gasket after separation, while in
Figure 10 a close-up photograph of the gasket after its removal is provided. There was no visible
damage to the gasket after its removal other than the impression left by the outer diameter of the
raised face. Table 4 provides the dimensions of the gasket taken prior to testing and after the

disassembly process.

CONCLUSIONS

The objective of the tests conducted by Stress Engineering Services, Inc. on the Pikotek 6" 1500#
HP VCS gasket was to determine if under the selected conditions the gasket would seal the flanges
properly. The testing consisted of hydrotesting to 9,900 psi, 10 cycles of nitrogen pressure to 6,600
psi, and a bending test to 50,000 ft-lbs. combined with 5 cycles of nitrogen. Leakage was not
detected under any of these conditions. The gasket sealed the flanges and satisfied the requirements

as set forth in the Pikotek Testing Procedure.
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Table 1 Strain Gage Locations and Orientations

Gage Location Rosette # Channel # Gage Type Orientation
Bolt #1 (Top Bolt) 1 2 Tri-axial Hoop at 0° Circumferential Position

1 3 Tri-axial 45° at 0° Circumferential Position
1 4 Tri-axial Axial at 0° Circumferential Position
2 3 Uni-axial Axial at 90° Circumferential Position
3 6 Tri-axial Hoop at 180° Circumferential Position
3 7 Tri-axial 45° at 180° Circumferential Position
3 8 Tri-axial Axial at 180° Circumferential Position

Bolt #2 (Bottom Bolt) ) 9 Tri-axial Hoop at 65° Circumferential Position
4 10 Tri-axial 45° at 65° Circumferential Position
4 11 Tri-axial Axial at 65° Circumferential Position
5 12 Uni-axial Axial at 155° Circumferential Position
6 13 Tri-axial Hoop at 245° Circumferential Position
6 14 Tri-axial 45° at 245° Circumferential Position
6 15 Tri-axial Axial at 245° Circumferential Position

Flange 7 16 Tri-axial Hoop
7 17 Tri-axial 45°
7 18 Tri-axial Axial
Pipe 8 19 Bi-axial Hoop on top of pipe (0°)
8 20 Bi-axial Axial on top of pipe (0°)
9 21 Uni-axial Axial on Neutral Axis of Pipe (90°)
10 22 Bi-axial Hoop on bottom of pipe (180°)
10 23 Bi-axial Axial on bottom of pipe (180°)
Notes.

1. All Circumferential Position Angles are relative to the top of the Pipe/Flange assembly while in the load frame

2. The bending strains in the bolting are determined by considering the Axial strains at 0° and 180° (tri-axial gages)
3. The membrane strains in the bolting are determined by considering the Axial strains at 90° (uni-axial gages)

4. The orientation of Bolt #1 was perfectly aligned with the flange position. In other words, 0° on the bolt lined up with
the top of the flange. From a mechanics standpoint, this means that the bending moment vector of the bolt was aligned
with the bending moment vector of the pipe/flange assembly.
5. The orientation of Bolt #2 was 65° offset from the bending axis of the pipe/flange assembly.

12




Table 2 Pressure and Temperature Values Monitored During the Nitrogen Cycle Test

Cycle Time Temperature Pressure Notes
Number (°F) (psi)
1 10:03 65.2 6614 Start hold for Cycle #1
10:33 63.8 6584 End hold for Cycle #1
10:37 62.0 0 | Final reading for Cycle #1 (at 0 psi)
2 10:46 67.6 6620 Start hold for Cycle #2
11:16 63.7 6592 End hold for Cycle #2
11:20 62.2 0 Final reading for Cycle #2 (at O psi)
3 11:26 68.0 6616 Start hold for Cycle #3
12:00 63.7 6586 End hold for Cycle #3
12:04 62.6 0 Final reading for Cycle #3 (at O psi)
4 12:12 67.8 6638 Start hold for Cycle #4
12:42 64.0 6602 End hold for Cycle #4
12:46 62.4 14 Final reading for Cycle #4 (at 0 psi)
5 12:54 68.1 6628 Start hold for Cycle #5
13:30 64.1 6590 End hold for Cycle #5
13:35 62.6 8 Final reading for Cycle #5 (at 0 psi)
6 13:42 68.5 6648 Start hold for Cycle #6
14:12 64.5 6602 End hold for Cycle #6
14:16 62.9 10 Final reading for Cycle #6 (at 0 psi)
7 14:24 68.6 6648 Start hold for Cycle #7
14:54 64.7 6600 End hold for Cycle #7
14:57 63.3 12 Final reading for Cycle #7 (at O psi)
8 15:03 68.5 6638 Start hold for Cycle #8
15:36 65.0 6610 End hold for Cycle #8
15:43 63.4 2 Final reading for Cycle #8 (at O psi)
9 15:51 69.2 6614 Start hold for Cycle #9
16:22 65.4 6576 End hold for Cycle #9
16:28 63.8 2 Final reading for Cycle #9 (at 0 psi)
10 16:35 69.5 6646 Start hold for Cycle #10
17:06 65.7 6612 End hold for Cycle #10
1715 64.7 0 Final reading for Cycle #10 (at 0 psi)
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Table 3 Pressure and Temperature Values Monitored During the Bending Test

Cycle Time | Temperature Pressure Notes
Number (°E) (psi)
1 18:21 70.3 6624 Start hold for Cycle #1
18:32 67.8 5892 End hold for Cycle #1
18:35 66.5 4 Final reading for Cycle #1 (at O psi)
2 18:43 71.3 6630 Start hold for Cycle #2
18:53 68.3 6602 End hold for Cycle #2
18:57 66.9 4 Final reading for Cycle #2 (at 0 psi)
3 19:02 724 6620 Start hold for Cycle #3
19:12 69.1 6582 End hold for Cycle #3
19:16 67.1 2 Final reading for Cycle #3 (at 0 psi)
4 19:21 73.3 6620 Start hold for Cycle #4
19:31 69.6 6578 End hold for Cycle #4
19:35 67.4 4 Final reading for Cycle #4 (at 0 psi)
5 19:41 73.4 6628 Start hold for Cycle #5
19:51 69.6 6506 End hold for Cycle #5
19:55 67.6 2 Final reading for Cycle #5 (at 0 psi)

14




Table 4 Measurements Taken of Gasket Before and After Testing

Location of Measurement

Measurement Before Testing

Measurement After Testing

(inches) (inches)

Outer diameter 10.999 10.998
Inner diameter 5.382 5.381
Gasket Thickness 0.310 0.309
O-ring thickness 0.365 0.350
Inner Teflon ring thickness 0.328

0.375
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Figure 2 Photograph of strain gage installation on a stud
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Figure 4 Strain gage installed on one of the attached pipes
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Figure 5 Using a hydraulic wrench to make-up the bolting

b

Figure 6 Photograph of the flange assembly installed in the load frame
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Figure 9 Photograph of flanges and gasket after disassembly

Figure 10 Close-up photograph of the gasket after disassembly

20



Appendix A Mill Test Report for Flange Assembly Components

A-1
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Oty Descripliun_\_‘\\\ST\) Hatl 3pec Heal Code Hill Heat Humber

01 | 2 4“ 1500 RF WM XX JA105-H-%0 B0 03544

L LA o T N

eat Code C Si Ho p S tr Al Cu i io v th CE
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CUSTOMER: LYNCO CUSTOMER PO#:9;;;j:>

QTY: 24 DESCRIPTION: 1 3/8 2H HEX WUT —

LOT NUMBER:7B9013 M e

HEAT CODE: 7B9013 SPECIFICATION: ASTMA/ASME SAlS84

C: .46 MN: .78 P: .019 S: .019 s1: .18 CR:

NI: MO: cu: TI: V:

B: CcB: AL: OTHER:

YIELD x .2% OFFSET: TENSILE: 2ELG IN 2":

§ R A:

TYPE HARDNESS: HRCZ28

SMPLE HRDNSS AFTER 24HR:455C HRC 22

CHARPY V-=NOTCH TEMP: 1z 2 3:
PROOF LOAD LBF: 215800

HARDENED AT:

TEMPERED AT: 460C

/7-7

CUSTOMER: LYNCO “CUSTOMER PO#:9575

QTY: 12 DESCRIPTION: /8 X 10 B7 STUD

LOT NUMBER:L75

HEAT CODE: 680P426 SPECIFICATION: ASTMA/ASME SAl1%3
C: .43 MN: .B4 F: .011 S: .0232 SI: .24 CR: .88
NI: .06 MO: .18 CuU: TI: Ve

B: CB: AL: OTHER:

YIELD x .2% OFFSET: 120265 TENSILE: 139847 $ELG IN 2': 18.9

t R A: 58,42

TYPE HARDNESS: HB 285

SMPLE HRDNSS AFTER Z24HR:

CHARPY V-NOTCH TEMP: 1: 2: 3:
PROOGF LOAD LBF:

HARDENED AT:

TEMPERED AT: 1100F

We hereby certify that the foregpding data(;s true copy © he data furnished
by the producing mill. //9¢T /}/5?7
_f’;4~”"\_///wfﬁ

fﬂnﬁorize Signature
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Appendix B Strain Gage Readings Taken During the Testing

B-1



STRAIN AND STRESS SURMARY TRBLL us

CLIENT @ PIKOTEK TEST SPECIMEN = 6IN 15K FLANGE
LORD = 0.000 ftlbs SCAN 33 OATE : 19 Nov 1997 » 11:03:04
SCANB ROS 8 e YRt 5 52 SI6L I
Lt 0 -2 2 - -6 62 66 [ Chamns2,3,41]
B2 - 0 0 -9 0 0 0 [ Channs 5 J
2 i ? g g E} 52 s; 73 EER:"“?'T?&' BH]J
3 = & - - nns 9, 10, Strain Measurements
35 -2 0 0 -58 0 0 0 [ Channs 12°) :
36 | E: 2 7 R ] 40 [ Channs 13, 14, 15 ] Make-up Loading
3 7 -1 -1 1 -1 -47 8 4 [ Channs 16,17 18] (zeroed at O ft-1bs.)
B8 -0 -l f 24 -2 n 29 ( Channs 19 . 20 1
B9 -1 0 0 -6 0 0 0 C Channs 21 ]
30 - -1 1 -3 -3 3 3% [ Chamns 22, 231
LOAD = 0.000 ftlbs

STRAIN AND STRESS SUPMARY TRBLE
CLIENT ¢ PIKOTEX TEST SPECIMEN = 6IN 15K FLANGE
LORD = 517,000 ftlbs SCAN 1 34 DATE : 19 Mov 1997 # 11:19:13
SCRMEROS T el e EPEQ 51 82 SI6E I
o1 WS -3 sy 440 615 313 3440 C[Chamns 2,3, 4)
u o2 637 0 0 19104 0 0 0 [ Channs 5 J
I A A

E = nns 1] ’ 1
¥51m 0 ; 3359 0 0 0 [ Chomns 1273 Strain Measurements
(I 403 -97 563 12341 7 1%t 12341 [ Channs 13, 14,15 Make-up Loading
o7 164 16 1 6560 5453 6083 6560 [ Channs 16 .17 . 18 ) (225 ft-Ibs.)
o8 0 -2 2 -4 -49 I 49 [ Channs 19 | 20 ]
¥ 9 1 0 0 28 0 0 0 C Channs 21 1
H o 0 0 0 9 6 8 9 [ Channs 22, 23)

LOAD = 2800 ftlbs

STRAIN AND STRESS SUMARY TRBLE
CLIENT 5 PIKOTEX TEST SPECIMEN = 6IN 15K FLANGE
LORD = 450,000 filbs SCAN 8 35 OATC : 19 Wou 1997 = 11238255
SCRNIROS B ol e EPEC 51 52 SI6C i
¥ 1 15 -3/ 1 mn 811 37548 37947 C[Chamns2,3,4)
5 2 808 0 0 1244 0 0 0 Channs 5]
P8 B OB OB OCHOE By,

ns ’ ¥ 3

5105 0 0 31660 0 0 0 [ Chaons 127 Strain Measurements
5 6 M M) 1453 2915 41537  2M3 30451 [ Chams 13, 14,151  Make-up Loading
5 7 260 12 % 9869 6912 8772 9869 Clhanns 16,17 18] (450 fe-Ibs.)
5 8 1 -0 ? 40 3 7] 40 C Channs 19, 20
5 9 - 0 0 -4 0 0 0 [ Channs 21 ]
5 10 1 2 2 60 73 67 73 [ Channs 22, 23]

LOAD = 450000 ftlbs




CLIENT + PIKOTEK

STRAIN AND STRESS SUMHARY TRBLE

TEST SPECIMEN = 6IN 15K FLANGE

L0A0 = 680000 ftlbs  SCAN B 35 DATE : 19 Nov 1997 » 11:46:08
SCANEROS B el e PRl st $ S 1
¥ 1 1M 4™ AN 51568 N0 51026 51568 [ Chamms 2,3, 47
¥ 2 15 0 0 34525 0 0 0 Channs 5 ]
¥ 3 1B 4% 199 40164 <620 409% 41765 [ Chamns 6,7, 83
¥4 168 43 350 49306 S8 905 4506 [ Chams 90,00 o
¥ 5 1M 0 0 ELE) 0 0 0 I Channs 121 train Measurements
SCE X R B R om Ry Ml
b hanns 16 , 17, 680 fi-lbs. - Fi
8 1 i 1 4 30 2 4 [ Channs 19 . 20 J (GE0 -0 - Eltial Tongue)
3 9 -0 0 0 -3 0 0 0 [ Channs 21 ]
¥ 10 2 2 2 £ T n % [ Channs 22, 23 )
LORD « £80.000 ftlbs
STRAIN AND STRESS SUARY TABLE
CLIENT = PIKOTEX TEST SPECIMEN : GIN 15K FLANGE
LOAD = 680.000 ftlbs  SCAR B 37 DATE : 19 Moy 1997 » 14:40:44
SCANEROS 8 el e EPE 51 2 SIEE I
N1 680 48 23% 50757 193 S7 50757 [ Chames 2,3, 43
N2 0 0 33618 0 0 0 [ Chamns 5 ]
73 15 -4 19% 78994 472 3750 40466 C Channs 6,7, 83 ‘
N4 R 4 a8 9125 39 48857 49125 [ Chams 9 . 10", 11 ] Strain Measurements
A T R T W Ll iy gy, gy eI i RS Witk o s
- - n! ? ) = o 2 "
o7 B M40 38 12465 939 1099 12465 [ Chams 16 . 17 18 3 Which indicate the presence of bend:
N8 % -8 115 £ 234 23§7 M08 € Chamns 19 | 20
N9 1 0 0 18 0 0 0 € Chanas 21 1
7w -0 % 10 % M0 w2 B0 [Chems 2, 23]
LOAD = 660000 ftlbs
STRAIN AND STRESS SUMARY TABLE
CLIENT & PIKOTEK TEST SPECIMEN : GIN 15K FLANGE
LORD = 0.00 ftkips  SCAN B 38 DRIE : 20 Nov 1997 » 18:03:31
SCANE ROS 8 el e EPE 51 2 SIEE 51
W1 168 4% 03 50704 %1 0231 SO704 [ Chams 2,3, 4]
] % s wsg gglzgg W s % EEL‘:T’E% 81
: ; NeE T .
B4 6% AN 245 4% §75 48944 4578 [ Chamns 9,107,117 OUAI Me“ls““’me“‘.s —_
B 5 1186 0 0 35580 0 0 0 [ Channg 12] Immedlatcyprecetdmg Bending Te
P oA ow o om g (B e
1 s 1o,
B 8 0 -0 0 % 4 g 9 [Crams19 20§  had been performed)
B9 0 0 0 i 0 0 0 [ Channs 21 1
B 10 - 0 0 -1 3 3 [ Chams 22, 23)
LOAD = 0.000 ftkips




CLIENT = PIKOTEK

== STRAIN AND STRESS SUFRARY TRBLE ==

TEST SPECIMEN = 6IN 15K FLANGE

LOAD = 50.600 ftkips SCAH 8 39 DAIE : 20 Nov 1997 » 18:12:26

SCAKBROS 8 el el EPLQ §1 52 SI6E 81
¥ 1858 -525 2656 56049 1069 55522 56049
¥ 2 1285 0 0 36536 0 0 0
¥ 13 1461 -4 ALY 43432 -1280 4086 4472
9 4 75 -2 213 44456 660 44120 44456
¥ 5 983 0 0 29486 0 0 0
9 6 906 -330 1357 26597 -1907 27600 28504
B 9 57 295 606 um 1536 19353 27
9 8 -287 1008 1443 516 30395 30140 30395
¥ 9 -181 0 0 -4523 0 0 0
310 m -9% 1421 -b48 -30062 2973 30062

LOAD =

50.600 ftkips

[ Channs 2,3, 41
[ Channs 5 ]

[ Channs 6 , 7,81

[ Channs 9,10, 111
[ Channs 12 ]

[ Channs 13, 14,153
[ Channs 16, 17 , 18]
[ Channs 19, 20 ]

[ Channs 21 ]

[ Channs 22 , 23]

Strain Measurements
Bending Test - 50,000 ft-1bs.
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TEBT PROCEDURE 9752T2

gor the

6” CLASS 1500 HP VCS FLANGE GASKET
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P.0O. Box 260438
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Test Procedure 9752T2
Revision B

November 25, 1997

1.0 OBJECTIVE

This test program is to verify performance of the PIKOTEK HP VCSB
¥lange Gasket for high-pressure service in 6 inch Class 1500
flanges. This test is intended to qualify the gasket and bolted
flange assembly in accordance with industry requirements for higher

pressure ratings.
2.0 COMPONENTS AND MATERIAL

The test fixture assembly is shown in Pigure 1. Quantities and
prawving or part numbers for the test components are as follows:

Quantity Component prawing/Part Number
Material
2 Flange ABTM Al0S5
11 g8tuds Al193-=B7
b § gtud, modified Al93-B7
a4 Nuts Al94
i Gasket PG-1500=-T=HP Pikotek

The test flanges shall be manufactured from material having a
pininum specified yield strength of 36,000 psi and tensile of
75,000 psi in accordance with the requirements of ASME 16.5. The
flange shall have & 5.38 to 5.41 inch diameter bore and a 8.850 inoch
raised face vith a standard phonograph finish. The hud shall have
a 45 degree taper from a 9.00 inch diameter at the flange back-face
to a 6.375 inch outside diameter. 8tuds and nuts shall meet the
requirements of ASBTN Al93 Grade B7 and Al94 respectively. MNaterial
certifications shall be kept with this file.

INSPECTION

1. Flanges, studs and nuts shall be clean and free from grease,
dirt, or other contamination.

a. Measure and record the dimensions of all componants to ensure
manufacture to the appropriate drawing or purchase order.

ASBEMBLY

1. Install three-element strain gages to one test flange and to
the modified stud in accordance with the gage manufacturer's
instructions. The strain gage locations are shown in Figure

i.

2. With the bore vertical, place the flange equipped with the
strain gage on a flat level surface. Using a new Pikotek HP
vcs gasket, assemble the test flanges and lead the strain gage

cables as shown.
3. Using a calibrated torque measuring device, apply a maximum of

2
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November 25, 1997

680 foot-pounds of torque to each stud and put assembly.
Apply torque in a criss-cross pattern to each stud in turn in
stages of 30%, 65%, and 100% of the maximum.

4. Tnstall a calibrated pressure indicator capable of measuring
and recording fluid pressure within 1/2% aoccuraecy-. Attach the
strain gages to appropriate strain measuring and recording

equipment.

5. Apply hydrostatic pressure not to exceed 3,300 psig (50% of
the working pressure) to the test port. Per the manufacturer's
instructions, shake down the strain gages and ocalibrate the

instrumentation.

PRESSURE AND LEAKAGE TEST

1. Apply a hydrostatic test pressure of 9,900 psig to the test
fixture. Note and record strain and fluid leakage or pressure
darop. Hold the pressure for 1 hour. Leak tightness is
satisfactory if there is no visible or audible evidence of
leakage and the pressure change is less than 500 psi.

2. Drop the pressure to zero. Note and record the strain gage
readings.

3. Using nitrogen gas, apply the full rated working pressure of
6,600 psig to the test fixture. Again, note and record strain
readings and fluid pressure. Measure and record leakage using
appropriate leak detection equipment. Hold the working
pressure for 30 minutes. Leak tightnass is satisfactory 1if
there is ne visible or audible evidence of leakage and the

pressure change is less than 330 psi.

4. Drop the nitrogen pressure to sero. Note and record strain
gage readings.

5. Repeat steps 3 and 4 for a total of 10 pressure cycles to the
full rated working pressure.

6. (optional) Apply & bending moment of 50,000 foot-pounds to the
test flange assembly. Repeat steps 3 and 4 for an additional
5 pressure cycles, while maintaining the bending moment. The
hold period for these cycles is 10 minutes, and the leakage
criterion is the same as step 3.

DISASSEMBLY AND INSPECTION

i. with the bore vertical, place the test fixture on a flat level
surface. Remove the atuds and nuts and remove the upper
flange. Inspect the upper flange and gasket. Note and record
any vear, deformation, or damage and photograph the components
as deemed necessary.

|
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2. Remove the gasket from the lower flange. Inspect, measure and
record any dimensional changes, then photograph as deemed

necessary.

RESULTS

Prepare a test report, which includes identification of the
components, material ocertifications, the test sequence including
pressure and bending loads, and pressure and strain readings. The
test report shall be numbered, dated and signed.

OPTIONAL WELD-DN PIPE
FOR BENDING LOADS STRAIN GAGE

STRAIN GAGE

1 1 g A1
| 14
p
- |
P VCS | VENT PORT /
. GASKLT 77 . )
- —
PRESSURE @DRT
—F Z— N FLANGE
Q41101 g {111 1
FLANGE - — STUD & NUT

TEST FIXTURE
PIKOTEK HP VCS GASKET
ASME B16.5 FLANGES

- FIGURE 1 -




R TH

INTUSCO

JPERITE :

MAR 3 1 1997

NISCO DJROER
EL NUMBER:
ESSURE RANGE:

T3]

PTL30-10M-H57
0-10000 PSIG

1AL NUMEBER 353218

NS[HICEF DaTA:

=0 LORD QUTPUT: ~-0.006 mu./ v
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Appendix D Plot of Strain Gage Readings During Hydrostatic Testing
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Appendix E Plots of Strain Gage Readings Taken During Nitrogen Cycle Testing
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Appendix F Plots of Strain Gage Readings Taken During Bending/Nitrogen Cycle Testing
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