
Fermi National Accelerator Laboratory 

FN-416 
1600.000 

SAFETY ANALYSIS OF THE 8-INCH LOW-PRESSURE HELIUM HEADER 
SYSTEM FOR THE ENERGY SAVER 

Joel Misek and C. Thornton Murphy 
February 4, 1983 

0 Operated by Universities Research Association Inc. under contract with the United States Department of Energy 



I. 

II. 

III. 

IV. 

v. 

Introduction 

Operating Modes 

Forces 

Component Review 

Quality Assurance 

TABLE OF CONTENTS 

VI. 

VII. 

Relief Valve Failure Mode Analysis 

Conclusions 

Table I 

Figures 

Appendix A 

Appendix B 

Appendix c 

Appendix D 

Appendix E 

Appendix F 

Appendix G 

PAGE 

1 

2 

3 

4 

10 

11 

16 

17 

20 

27 

28 

41 

65 

73 

78 

83 



SAFETY ANALYSIS OF THE 8 11 LOW-PRESSURE HELIUM 
HEADER SYSTEM FOR THE ENERGY SAVER 

Joel Misek and C. Thornton Murphy 
February 4, 1983 

Abstract 

The 8 11 diameter low-pressure helium recollection 

' 

header system of the Energy Saver is analyzed to determine 
a safe upper limit for the pressure which it can tolerate 
during quenches without rupturing or breaking anchors. 
This system begins with the Kautzky relief valves which 
vent helium from each magnet into the 8 11 header and ends 
with the 6 psi relief valves on the header itself on top 
of each refrigerator building. All components of the 
system which are stressed during a quench are 
individually analyzed. The analysis includes both 
engineering calculations and empirical destructive 
testing performed when calculations were not viable. 
The conclusion is that the system can tolerate pulsed 
pressures of 100 psig, with safety factors varying 
between 2 and 4. A failure-mode analysis of the 
Kautzky relief valve is also included. 

I. Introduction 

The 8 11 helium header is part of the satellite refrigerator 
gas piping system. The header serves as the suction return line 
for the compressors as well as the main magnet relief exhaust 
line and cooldown flow-collection line. This 8 11 diameter, 
Schedule 5, 304 stainless steel pipe is located in the tunnel 
adjacent to the Main Ring magnets and is continuous around the 
circumference of the ring. 

The 8 11 header leaves the tunnel only at the 24 refrigerator 
buildings (feedcan regions) and at the six compressor buildings 
(straight section regions). In the tunnel, the header has 
expansion joints (hydroformed bellows) every 200 feet and two 
in-line isolation valves between each of the 24 cryoloops (see 
Fig. 1).- The primary relief valves for the system are 8 11 

diameter spring-loaded,paralled-plate relief valves on top of 
each refrigerator building set to crack at 6 psig and similar 
valves at each compressor building which crack at 12 psig. 
These valves vent outdoors. Secondary relief is provided by 
a pair of 4" diameter spring-loaded, parallel-plate relief 
valves in the tunnel at each of the 18 double-turnaround (OTA) 
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regions set to crack at 50 psig. 
vent to the tunnel only during an 
or in the event of the failure of 
valves. 

These valves are expected to 
exceptionally global quench 
one of the outdoor relief 

II. Operating Modes 

The three different operating modes of the 8 11 header 
system impart a variety of design considerations on the system. 
As a low pressure suction line, the header must be capable of 
moving gas with minimal pressure drop. This mode of the system 
need not be discussed as it has no impact on safety. 

The magnet cooldown flow mode causes the maximum localized 
thermal contraction of the header. To accommodate this pipe 
contraction in the expansion joints without exceeding the 
recommended stroke, it was required that more than one expansion 
joint participate in the accommodation of a very local cold 
spot. This is achieved by anchoring the system only every 400 
feet and mounting the pipe on rollers whose total resistance to 
motion is negligible compared with the expansion joint spring 
rate. Thus, three expansion joints share any thermal contrac
tion by pulling sections of pipe along the rollers. 

In the cooldown mode, the header also sees the phenomenon 
of pipe bow caused by stratified two-phase flow which creates 
a temperature gradient in the cross section of the pipe. 
Because of this bow, consideration has to be given to bracket 
strength and to the clearance between the flexhose and the Main 
Ring magnets. 

The final mode of operation considered is that of the main 
magnet relief exhaust line, or quench relief mode. The Kautzky 
relief valves which are attached to each dipole and spoolpiece 
(1373 in number) vent into the 8 11 header through flexhose when 
magnets quench or are overpressured for some other reason. It 
is in this mode that the header sees the maximum pressure and 
maximum forces on anchors. Extrapolation of data gathered during 
full-sector quenches in A-Sector (see Appendices D and E) 
indicate that the peak header pressure will be 90 psig at 4440 
amps (corresponding to a proton energy of 1 TeV). Some perspec
tive on the level of hazard involved in the event of a massive 
rupture of the header is gained by noting that the stored energy 
of the header at the peak of a full-sector quench is 24 mega
joules per sector. 

Protection of the magnets from damage resulting from over
pressurization during the full current quenches is a governing 
factor in the pressure limitations and relief valve pressure 
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settings on the 8 11 header. The Kautzky valve relief pressure is 
set at 34 psig, a factor two above the normal operating pressure 
of the cryostat, but low enough that good flow is established 
before the peak pressure of the quench. The relief valves on 
the header above the refrigerator buildings are set to crack 
at 6 psig. This pressure is set to limit operational problems 
of valve reseating and gas inventory losses. The 12 psig relief 
setting of the relief valves at the compressor buildings is 
chosen to limit supercharging of the compressors during a quench. 

The pressure drop in the vertical riser leading from the 
tunnel to the refrigerator building relief valves is sufficiently 
great that additional in-tunnel relief valves are necessary to 
protect both the header system and magnet cryostats against 
excessive pressures during a massive quench in which all the 
magnets in two adjacent cryoloops quench simultaneously. This 
fact was recognized when the header system was designed. Data 
taken at low currents in A-Sector before the in-tunnel relief 
valves were installed confirmed this fact. Two such valves are 
placed at each OTA region - half way between refrigerator 
buildings - with cracking pressure set to 50 psig. This pressure 
was set to be high enough that the relief valves would not open 
during any conceivable accident when people were present (such 
as a bore tube vacuum rupture - see comments below). In addition, 
these valves will open only rarely at times when people are not 
permitted to be present; i.e., when the Energy Saver magnets are 
energized. These in-tunnel relief valves d~ not open during 
single-cell or even full cryoloop quenches, but only when two 
adjacent cryoloops quench at a current higher than 2500 amps. 

George Mulholland has thought through a variety of possible 
accidents which might lead to header pressures in excess of 50 
psig when people are permitted to be present (see Appendix A). 
The worst case which he finds is a massive bore-tube vacuum 
rupture at the feedcan region of the cryoloop. Whether the 
header pressure would exceed 50 psig in this instance was 
deemed "too close to call. 11 

III. Forces 

Expansion joints are employed in the 8 11 header tunnel 
piping to adsorb contraction initiated by cold gas. At loca
tions where the pipe axis changes direction, as at an elbow, 
the pipe needs to be anchored in order to protect the expansion 
joint against overextension. In the design of these anchor 
points, the forces which set on them must be determined. The 
thrust force generated by an internal pressure in an expansion 
joint is equal to the product of the pressure and the thrust 
area, which in our case is 62 in 2

• Thus forces of this type have 
a maximum of 5600 lbs. given a peak header pressure of 90 psi. 
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The installation of the 8 11 header required that some 
expansion joints be preloaded or precompressed by one inch on 
installation in order to improve cycle life. This preloading 
requires a force equal to the product of the distance and the 
spring rate of the expansion joint, which is 450 lbs/in. The 
resulting 450 lb force is additive to the forces generated by 
the internal pipe pressure when used for anchor analysis. 

Another force which acts on anchor points is the inertial 
force generated by a change in direction of the gas flow in 
the pipe. This phenomenon occurs at the 90° elbows in the feed
can area and at the medium and long straight section 12 inch 
radial offsets. The force can be calculated if the mass flow 
rate and density are known. These can be derived from the 
A-Sector quench pressure data with about 40% error bars (see 
Appendix A). 

The magnitude of this force at the feedcan 90° elbows is 
800 lbs in both the vertical and along-the-beam direction. 
This result is for the worst case of a full-current quench 
of two or more adjacent cryoloops. 

The inertial force at the medium straight section offset 
is much less since both the flow rate and the gas temperature 
are lower at this point. The axial force which must be 
restrained is 280 lbs. In this location, which by design has 
no anchors, the expansion joints will restrain the offset region 
by expanding approximately 5/8 11

, well within the limits of 
travel of the joint. 

The 12 11 offsets at the long straight sections see axial 
forces of less than 100 lbs because the flow rate at these 
locations is even less than in medium straights. This force 
is also restrained by expansion joint extension. 

There are also radial forces at these offsets which cancel, 
but do induce a small moment into the pipe which is easily 
restrained by the guide brackets. 

IV. Component Review 

This section will discuss qualitatively the origins and 
meanings of the pressure ratings shown in Table I. Table I, the 
heart of this report, lists the item in question, the failure 
modes analyzed, the pressure at which failure occurs, the 
recommended safety factor for operating, and the resulting 
recommended operating pressure. The Appendices then give the 
detailed quantitative calculations or references which support 
the data given in Table I. 
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The items analyzed in Table I fall naturally into two 
groups: 

1. Pipe, elbows, tees, bellows (expansion joints), and 
flexhose. At what pressure are they expected (by 
calculation or experiment) to rupture? We follow standard 
engineering practice and recommend that operating pressure 
be limited to 1/4 (safety factor 4) the rupture pressure. 
At what pressure are they expected to exceed the 
inelastic yield point, leaving items which are slightly 
deformed? As a safety factor against this mode of 
"failure," we use our judgment depending on the function 
of each item. 

2. Mechanical strength of anchor points. Whenever there is 
a go 0 turn in the 8 11 pipe adjacent to an expar-ion joint 
there is a force on the elbow equal to the pr e times 
the thrust area of the expansion joint (62 sq. ,_ .). 
If the anchor on that elbow fails, either a bellows in 
the system expands to its limit and ruptures, or 8 11 

pipe in the vertical riser past the go 0 elbow must take 
the load or fail. The same failure mode exists at valves 
in the 8 11 1 ine (such as at the OTA regions), in which 
the anchor at the valve (if the valve is closed) must bear 
the full force. In the evaluation of anchor-point strength, 
we have adopted a safety factor of 4 on matters involving 
ultimate strength of bolts, U-clamps, and Unistrut beams. 
We have adopted a safety factor of 2 or 3 (manufacturer's 
recommendation) on matters involving frictional slipping, 
such as Unistrut nuts slipping in the Unistrut channel. 

There are around the ring, the following locations where 
jogs, offsets, elbows, or exits requiring adequate analysis for 
proper anchoring. These locations are: 

a~ All OTA regions (18 places). 
b. All feedcan regions (24 places). 
c. End anchor regions (8 places); B4g, Cll (C0 straight), 

C49, 011 (00 straight), 049, Ell (E0 straight), E49, 
Fll (F0 straight). 

d. Reaction anchors (6 places); A49, Bll (B0), B49, Cll, 
B49 + 40 1 twice (C0 ceiling - run penetration). 

e. All medium straight sections (6 places). 
f. All 12 location jogs (5 places). 
g. All 48 location jogs (5 places). 
h. A0 special regions; A12 wall anchor, Al2 ceiling anchor, 

F47-3 penetration region,· F47 ceiling anchor, F47 wall 
anchor. 
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We now discuss Table I line-by-line. 

I. Bellows (expansion joint). Richard Landwere, an engineer at 
Flexonics (the company which built 80% of the bellows in 
use), has verbally told us that the operating pressure for 
this bellows is 120 psig and that the deformation pressure 
is 180 psig. During a second phone call to him, he told 
us that the deformation pressure (180 psig) was in fact 
selected to be 33% of burst pressure, and the operating 
pressure was selected to be 95% of squirm pressure. His 
definition of squirm pressure is the pressure at which the 
bellows will squirm while being stroked and be left with 
a small inelastic deformation. For his written confirmation 
of this information, see Appendix C. 

A destructive test program of the expansion joint was 
initiated. In the first test, a bellows was capped off 
and restrained from stroking from its neutral position; 
i.e., no compression or extension, ends parallel, and no 
offset between the two ends. The internal pressure was 
gradually raised to 230 psig, during which it grew radially 
by about 0.003 11

• At around 180 psig, the convolutions 
were noted to be a few mils collapsed. At 230 psig, the 
bellows suddenly squirmed beyond the inelastic yield point 
(but did not rupture). In the second test, the bellows 
was compressed 1 11 (simulating the tunnel condition of most 
bellows before a quench), the two ends were offset by 0.5" 
(simulating the manufacturer's recommended maximum, but 
exceeding typical tunnel installation errors by a factor 
of 2 to 4), and the ends were non-parallel by 1° (simulating 
the worst possible tunnel misalignment). The expansion 
joint plastically deformed at 200 psi. See test data, 
Appendix B. 

II. Flexhose Assembly. 

a. Braided flex. This hose is squirm-protected by steel 
braid. The manufacturer's recommended maximum operating 
pressure is 250 psig, which we believe is 25% of 
rupture pressure. 

b. Spool manifold. A three-convolution bellows on the 
·spoolpiece manifold between the twJ Kautzky valves and 
the flexhose can be ruptured. The burst pressure is 
600 psig. 

c. Relief valve body. The torque transmitted to the flange 
on the output end of the Kautzky valves on the spool
pieces can tear the aluminum flange. The result here 
is from an empirical test. See Appendix B. 
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III, Pipe and pipe fittings. The table is self-explanatory. On 
IV these items, we have a code to follow. 

V. Feedcan region anchor strengths. The header geometry in 
this area is shown in Fig. 2. First we consider the forces 
resulting from the operating pressure of the system, taken 
to be the same on either side of the 90° elbows which turn 
the flow upward, since there are no valves in the system. 
In this case, there is an equal and opposite force on the 
two elbows tending to draw them together. An offset 
aluminum tie bar has been inserted between the two elbows 
to restrain this motion. The question is, at what pressures 
do the tie bar and its mating pipe bracket fail? Because 
the box beam of the tie bar is offset towards the aisle 
from the force center (i.e., the CL of the pipe), it is 
subject to torque which tends to bow the beam. The standard 
moment calculation for this beam (see Appendix A) leads to 
the result shown in Table I, Item V.a. The tie bar bracket 
which is welded to the pipe elbow also has a finite 
strength which is too difficult to calculate. A sample 
assembly was therefore load tested to failure in a press. 
The result was that the pipe itself buckled at the weld 
point at 29,000 lbs force. 

Secondly, we consider the effects of small pressure 
differences which might develop across the feedcan area 
which result from the impedance of the ~lbows and the tee 
when a quench has occurred in only one side of the cryoloop. 
George Mulholland has calculated the maximum pressure 
difference expected (see Appendix A) and obtain 4 psig. 
This would result in a force of 250 lbs total on the two 
wall anchors which secure the vertical legs to the wall 
(see Fig. 1). Items Ve, d, e, and fare the recommended 
pressure differences resulting from the strength of various 
components of the anchor system, and should be compared 
with the calculated 4 psig expected maximum, mentioned 
above. 

VI. Double-turnaround regions. See Fig. 3. At the double
turnaround region, there are two butterfly valves in the 
8 11 line, either one of which could be closed. Although 
the probability is very small that one would be closed 
dur-ing powered operations, it could happen, and might be 
followed by a 1/4 sector quench (in fact, closing a valve 
might induce such a quench). Therefore, we propose that 
the double-turnaround anchor system be capable of with
standing the full force resulting from the maximum allowed 
operating pressure times the thrust area of the expansion 
joint. 
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There are four anchors in the double-turnaround region. 
Each consists of a metal strap torqu~d quite tightly 
around the pipe. The strap is welded to an 8 11 by 10 11 

plate which is bolted to the wall with four 1/2 11 bolts. 
The most likely failure mode (i.e., the one occurring at 
the lowest pressure) is frictional slipping of the pipe 
through the strap. The force on the pipe necessary to 
make it slip in the strap has been measured at E21 as 
a function of the torque applied to the strap bolt (see 
graph in the Appendix). At a very reasonable torque of 
40 ft/lbs, the pipe slips at a fore·~ equivalent to 50 lbs 
pressure. Multiplying by four anchors but dividing by a 
safety factor of 2 leads to a pressure limit of 100 psig. 
If a safety factor of 3 is desired, the maximum pressure is 
derated to 66 psig. The frictional slipping could be 
removed. 

The ultimate strengths of the strap, bolts, and wall 
anchors have also been calculated. -

VI-X Straight Section Anchors. 

In the straight section regions, anchors are installed to 
restrain the header at the points where the header turns 
90°. These anchors must bear the full expansion joint 
thrust force plus the gas flow inertial force or else the 
piping and/or expansion joint will fail. End anchors at 
station #11 and #49 regions are typical throughout the 
ring exclusive of the A0 straight section anchors. In this 
region a special arrangement of slings, wall anchors, and 
penetration anchors are used. A listing of the individual 
specialized anchor points appears in Table I. 

In addition to the end anchors in the B0 and C0 straight 
section, additional reaction anchors are required. Their 
design is similar to the end anchor but differ in the way 
that they are attached to the pipe. 
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XI-XII Expansion Joint Guide Assembly and Pipe Support Assembly. 

These assemblies must primarily be capable of supporting 
the weight of the pipe and secondly be capable of 
restraining a radial motion of the header. Each bracket 
can withstand a working load equivalent of 100 ft of 
header. The only time at which a bracket might possibly 
see this loading is during a cooldown when in the past 
we have observed pipe bow. (See Appendix D.) this 
level of loading was still equivalent to only 40 ft of 
header. 

The radial loading of the guide and support assemblies is 
generated primarily by the pressure in the header. Due to 
the arc in the header, an outward radial force of 775 lbs 
for a header pressure of 100 psig is generated. This 
force is assumed to be somewhat equally distributed over 
the 20 brackets that support the header in that region, 
or 38 lbs/bracket. The force holding the header in place 
is the weight of the header itself. A radial movement 
would have to lift the header out of its rollers. The 
force to do this for the 45° roller angle is equal to the 
weight of the pipe. For our case the supports are every 
10 ft, making the weight per bracket equivalent to 
100 lbs. At the ends of the arc near the expansion joint, 
guides are installed. The guides can see a greater radial 
force on the order of 150 lbs. These guides are also 
installed at regions adjacent to where expansion jointand 
pipe jogs are present. This offset generates a moment 
which requires a restraining force of 200 lbs. The guides 
can restrain 240 lbs. · 

XIII Relief Valves. 

The 50, 12, and 6 psig relief valves used on the 8 11 header 
are of "in-house," spring loaded, parallel plate design. 
The listed relief pressure is the pressure at which the 
valve begins to open. Any travel of the sealing plate 
will compress the spring, thus requiring a greater 
pressure to hold open. The sealing disc transmits the 
~ressure and gas flow inertial force to the springs and 
then back to the relief flange through a combination of 
studs. 

The 6 spig relief valve on the refrigerator building has 
six 3/8-in. diameter studs restraining the disc, the 
12 psig relief valve at the compressor building has 
12 3/8-in. diameter studs and the 50 psig tunnel relief 
valve has four 1/2-in. diameter studs. Each is capable 
of withstanding the inertial and pressure forces which 
will act on them during a quench. 
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XIV Above Ground Piping. 

As stated previously, most of the 8 11 header is located in 
the Main Ring tunnel enclosure. The header does exit the 
tunnel at the 24 refrigerator buildings and adjacent to 
the six compressor buildings. 

The 8 11 piping at the refrigerator building is comprised 
of a vertical length of pipe coming up from the tunnel 
feedcan region with a 19-1/2-in. horizontal offset to 
clear the refrigerator valve box. This vertical riser 
then leads through the building roof to the 6 psig main 
relief valve. Tied into this vertical riser is the 4-in. 
refrigerator low pressure return gas line. Any contraction 
of the riser requires that the 4-in. branch line be 
capable of flexing. Maximum movement will be less than 
1/2-in. assuming a temperature change of 200°F. 

The above ground piping at the compressor building requires 
adequate flexibility for thermal cycling without over
stressing the pipe or the anchor points. This has been 
achieved by the use of 11 L" and "Z 11 bends in the piping 
runs. Only the upstream 80 compressor building run 
requires the use of expansion joints. Each of the 
compressor building piping runs are unique and each 
requires some detailed analysis. The use of the approx
imate method of calculating thermal expansion stresses 
from Piping Engineering, Chemtron Corp., is used for this 
analysis (see Appendix A). 

On the 80 upstream piping run, the use of a hinged 
expansion joint assembly was necessary. This hinged 
expansion joint assembly is made up of two 8 11 expansion 
joints, two 90°, 8 11 elbows, and a 5 ft long filler piece 
of 8 11 pipe. To limit the expansion joints to only 
angular displacement, the expansion joints are equipped 
with axial restraints - bars welded to either side of 
the expansion joint with a pivot pin located at the center 
of bend. This configuration will withstand the full 
thrust force of the expansion joint. Each expansion 
joint is equipped with an aluminum shroud to prevent ice 
and snow buildup. 

V. QUALITY ASSURANCE 

The quality of welding on the 8 11 header was controlled by 
having all welding done by Fermilab welders or pipefitter welders 
who passed a competence test administered by the Fermilab Weld 
Shop. The leak check procedures also required a visual inspection 
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of most welds. All welding rod used on the 8" header was 
Fermilab-supplied "flag tagged" 308L stainless steel. 

To ensure that the installation of the header has been 
executed correctly and that no inadvertent changes have taken 
place, a prepower checkout of the header system is done under 
OOH rules. Under OOH rules all jobs must be cleared through 
the Main Control Room operations chief. This controls activities 
in the OOH regions to specific tasks that have had prior approval. 
A copy of the checkout checklist with instructions is included in 
Appendix F. 

VI. RELIEF VALVE FAILURE MODE ANALYSIS 

We discuss here the consequences of the failure of one (or 
many) of the various types of relief valves in the system to 
open near the proper pressure, and the probability of that 
happening. We do not discuss the probability of valves getting 
stuck open since that does not pose a safety problem, with one 
exception noted below. Our discussion is rather qualitative on 
many points and may require further quantitative study. 

Kautzky Valve Failure 

The consequence of a single Kautzky valve failing to open 
is known at 3500 amps. In an unplanned experiment on the B12 
test string, a Kautzky valve failed to open. The valve happened 
to hang on the one magnet at B12 with a pressure transducer in 
the single-phase cryostat. The peak single-phase pressure in 
that magnet during the quench was 25 psi higher than usual. 
(See Koepke and Martin, UPC-154.) Let us assume that this 
pressure increase is proportional to the square of the current, 
so that at 4440 amps the additional pressure is 40 psi. Adding 
this to the extrapolated peak pressure in the cryostat at 4440 
amps based on A-Sector testing (see Appendix G) leads to a 
prediction of an absolute pressure in the cryostat of 245 psia 
in dipoles and 170 psia in the quadrupole/spool piece region. 

George Biallas has studied the weaknesses of the cryostat 
by destructive testing. The bore tube collapses at a static 
pressure-of 325 psia (see TM-1166). The bellows connecting 
the single-phase lines between magnets shows no sign of damage 
up to 280 psia (see TM-1165). 

The latter test was performed with pulsed pressures simulating 
the time-dependence of quenches. Eric Larson has performed tests 
of the strength of spoolpieces under static pressure (see TM-1116). 
Above 220 psia, there are inelastic deformations; at 340 psia, a 
weld broke. 



-12-

Our conclusion is that one Kautzky valve can fail during 
a full-current quench without damaging anything, but with a 
safety margin that is a mere 1.15. Furthermore, it should be 
noted that cryostat pressures during quenches are independent of 
the number of cells which quench simultaneously (unlike the 
header pressures), so that our concern here pertains to every 
quench, not just rare ''global" quenches. Therefore, we deem it 
quite important to detect promptly that a Kautzky valve has 
failed to open so that it can be replaced before a second valve 
fails in the same half-cell. 

For that reason, a system which detects the failure of a 
valve to open during a quench has been planned, but not yet 
installed. A Klixon switch which opens at 0°C will be installed 
on each Kautzky valve. The failure of any one of the six Klixons 
in each half-cell to open during a quench of that half-cell will 
be detected by the computer which will set an alarm. Then in
tunnel testing must be done to determine which of the six valves 
(or Klixon switches) is faulty. 

Until this system is installed and tested, some stop-gap 
operational testing is being done, and periodic retesting is 
being contemplated. In addition to the thorough bench testing 
of each valve, the valves are tested in the final installed 
system as soon as a sector gets "cool" (30°K). The Kautzky 
valve is a normally-open valve which is closed by the application 
of control pressure to the back side of a bellows which drives 
the shaft and poppet. The control pressure and the cryostat 
pressure at which the valve is opened are linearly related. 
In this system test, the control pressure is set to zero for two 
minutes, opening all the valves in a cryoloop and flowing enough 
helium through to chill, or even frost, the valve bodies. A 
rapid walk-through is made to determine that each valve body is 
cold. Thus, each valve is known to be initially good. 

However, there are fail-closed modes of failure which can be 
caused by quenches (see below). We are considering requiring 
periodic retesting of parts of the system until the Klixon system 
is installed. The periodicity and selection of which cryoloops 
to retest are obviously determined by quench history. Lastly, we 
note that there is very little hope that the Doubler current 
will exceed 4000 amps for a couple years, which lowers the peak 
cryostat pressures mentioned above by 30 psi. 

We now summarize very briefly what is known about the 
probability of a Kautzky valve failing to open. The full report 
on A-Sector and MTF failure statistics is enclosed as Appendix G. 
The Kautzky valve will fail closed if the poppet becomes detached 
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from the stem, or if the stem breaks, or if the stem separates 
from the plate on the top of the bellows. In the Mark III 
version of the valve tested extensively in A-Sector and at MTF, 
separation of the shaft from the top of the bellows at the struc
tural weld between the two pieces was a major cause of valves 
failing closed. This problem has been solved in the Mark IV 
version of the valve by changing the shaft into a 11 nail , 11 so 
that the weld between the shaft and the top plate of the bellows 
is respo )ible only for keeping the bellows leak-tight, and not 
for the structural connection between the shaft and the bellows. 

Once during the A-Sector quenching a poppet separated from 
the shaft. The valve failed to open for several quenches before 
our attention was drawn to it by the observation that the top of 
the bellow's housing was badly 11 domed, 11 a result of the extra 
40 psi pressure in the unrelieved magnet. A post-mortem on the 
valve indicated that the snap ring which held the poppet to the 
foot of the actuator shaft had not been fully seated in the snap
ring groove during the initial assembly of the valve. 

This is merely an example of a failure which did happen and 
which is not detectable at the moment. Furthermore, it is the 
.Q!!.J_y fail-closed incident in all of the MTF and A-Sector 
quenching other than the cracked weld cases mentioned above (a 
solved problem). All the valves used in A-Sector have been 
removed and retested. This one failure is the only empirical 
basis for a failure probability calculation. At MTF, 17 valves 
have survived a total of about 11,000 quenches. In A-Sector, 
160 valves endured a total of2,000quenches. 

This data leads to two separate probability statements. 
The probability of improperly installed snap rings is, so far, 
1/177 oer valve,but must depend strongly on the care of the 
technician who installed the snap ring. A quality control 
step which is now being added to the assembly process should 
reduce this probability to (1/177) 2

, or 3xl0- 5 per valve, in 
Sectors A, B, and C. 

The second statement is that the probability for damage as 
a result of quenching which leads to a failure closed on the next 
quench is less than 1/13,000 per valve opening. There are 1,203 
Kautzky valves in the helium system, and 14 valves open on each 
full-cell quench. If we make the rather 11 worst case 11 assumptions 
that there are two full-cell quenches per day and that the Doubler 
operated two-thirds of the year, there would be 7,000 valve 
openings per year. 

Thus, we might expect to experience seven detached poppets 
early in the life of the machine and other failures about every 
other year. All of these predictions are based on one event, and 

Rev. 3/9/83 
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hence have "error bars" given by Poisson statistics. 

Since the Kautzky valve ·control pressure for an entire 
quarter-sector is set by a single pair of helium bottles and 
regulators, it is possible to defeat the relief valves on four 
adjacent cells of magnets by overpressuring the control gas 
system. The following redundant safeguards have been implemented 
to prevent such an occurrence. The regulators on the bottles 
are 50 psig regulators; setting the regulators to 50 psig 
changes the cryostat pressure necessary to open the valves to 
61 psig, which is still safe. If a regular fails and pressurizes 
the system to 2,000 psig, there are further safeguards. On the 
manifold between the bottles and the tunnel there are two SO 
psig relief valves (see Fig. 7). These valves are tested in situ 
after all welding has been done. However, it has never been~~ 
proven that these relief valves are sized adequately to handle 
the full bottle pressure without transmitting a high pressure 
to the tunnel. Therefore, the most important safeguard is the 
pair of overpressure switches on each manifold. These switches 
are set to alarm at 5 psig above the normal operating pressure 
and are ti e d to the ref r i g er at or perm i t through the computer . 
There is some redundancy in having two switches; however, it 
remains to be proven that they fail-safe if the control 
chassis fails, which is common to both switches. 

Parallel Plate Header Relief Valves 

There are three kinds of spring-loaded, parallel plate 
relief valves on the header itself (see Fig. l):.8 11 diameter 
valves set to crack open at 6 psig at the top of each refrigerator 
building; two 8 11 diameter valves set to crack open at 12 psig on 
top of each compressor building; and two 4 11 diameter valves set 
to crack open at 50 psig at each double turnaround region. We 
pose the same two questions about these valves as we did about 
the Kautzky valves: what are the consequences of one of them 
failing; and what is the probability of failure? Our discussion 
is quite qualitative; we have neither the statistical experience 
such as we have with the Kautzky valves nor worst-case flow 
calculations. 

However, in this case we are not all concerned with the 
normal one-cell quenches, as we were with the Kautzky valves. In 
a one-cell quench, all the header relief valves could fail closed 
and the gas would expand around the four-mile circumference of the 
header without overpressuring anything. We are concerned only 
with 11 global 11 quenches and the local equivalent of a global 
quench, namely, an incident in which the header valves at both 
ends of a quarter-sector accidentally close and the whole quarter
sector quenches. 



-15-

The worst 11 global 11 quench imaginable is a whole-ring 
quench and the most probable cause of such a quench is an unfore
seen glitch in the quench protection software. In the four months 
of A-Sector power tests, there were two spontaneous whole-sector 
quenches, both attributed to software shortcomings. Despite 
software improvements, the header relief system must be prepared 
for the worst case. If we make the tentative assumptions that 
all 72 parallel plate relief valves have the same flow rate, and 
that the pressure in the header rises linearly with the number of 
failed valves, then 10% of the valves could fail to open in a 
whole ring quench without exceeding the 100 psig limit on the 
header pressure {providing of course that the failed valves are 
scattered randomly around the ring). 

In the case of header isolation valves accidentally closing 
off a quarter-sector, followed by a quench of the whole quarter 
sector, there is still three-fold redundance: one 6 psig relief 
valve above the refrigerator building and two 50 psig reliefs 
in the tunnel next to the isolation valves. We do not know 
empirically, nor have we tried to calculate, how much the 
pressures would rise if one of the three failed. However, there 
is already indirect protection against this accident in the 
following form. If any single header isolation valve closes, a 
compressor rapidly 11 starves, 11 which should lead to a refrigerator 
alarm well before the magnets start warming. The refrigerator 
alarm should lead to a current 11 dump 11 without heaters firing. In 
addition, the microswitches on these header isolation valves 
could be wired directly to the refrigerator permit. This protection 
warrants further investigation and possibly testing at low 
currents. 

We know very little about the probability that one of these 
valves will fail closed. In the design, attention was paid to 
guiding the springs so that snagging or buckling appears to be 
impossible. The valves are bench tested before installation. All 
relief valves in the A-Sector test were observed to have opened 
during at least one quench. It is recognized that the outdoor 
valves are exposed to the possibility of freezing shut with ice
balls during the winter, so snow protectors have been installed. 
All relief valves are periodically inspected for iceballs, but 
this pertodicity is not well controlled. 

Hazards Involved if Relief Valves Fail Open 

If a Kautzky valve fails to close following a quench and 
will not reseat after torching the valve and 11 popping 11 the actuator, 
then it must be replaced. A procedure has been developed (see 
Appendix G ) and tested 13 times in A-Sector which allows 
changing the valve with the single-phase and two-phase systems 
at 20°K and 2.5 psig, and the header at 2 psig. The procedure 
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involves special tools which quickly cap off the single-phase 
and flexhose during the replacement so that a minimum amount 
of helium is vented into the tunnel. Three different one-phase 
plugs are available to the team in case one of the plugs breaks. 
The team changing the valve must be ledbya cryogenics specialist 
who is experienced in changing valves, and the team must "talk 
through" the procedure before entering the tunnel. Nonetheless, 
there is a small chance that they might lose control of the 
situation, inert the tunnel, and have to egress wearing the 
required five-minute escape packs. In the A-Sector experience 
there was not even a 11 near miss. 11 

Should a 50 psig relief valve in the tunnel fail to reseat 
after a "global 11 quench, parts of the tunnel might be inerted. 
This failure should detected both by the oxygen monitors and 
by the failure to build pressure in the header. Since personnel 
are not allowed in the tunnel during powering of the Saver, there 
is no immediate threat to personnel. However, care must be taken 
to valve off the part of the header containing the failed valve 
and evacuating the helium from the tunnel before admitting 
personnel to fix the valve. 

VII. CONCLUSIONS 

We conclude that the header system :an be operated at 100 
psig with safety factors on individual components between two and 
four. The highest pressure predicted for the header is 90 psig 
during a full sector quench. Since personnel are not allowed in 
the tunnel when the Saver is powered, we are concerned with 
damage to systems, not personnel~ The factor of safety for 
research vessels used in non-manned areas may be reduced from the 
usual factor of four required by the ASME Pressure Vessel Code 
(see National Safety Council, Data Sheet "Pressure Vessels and 
Pressure Systems in the Research and Development Lab," #1-678-79, 
March 1979, National Safety News). 

The worst case accident imagined when personnel are allowed 
to be present, a rupture of the bore tube vacuum, leads to header 
pressures calculated to be 50 psig, which keeps all components 
within th~ safety factor of four. 

Failure mode analysis of the various relief valves in the 
system indicates that there is sufficient reliability and 
redundancy in the system that failures of single relief valves to 
open do not endanger the system. Some loose ends need to be tied 
up, most notably the role of the pressure switches in protecting 
against over pressure in the Kautzky valve control system. A 
decision needs to be made about whether to install a system 
which detects the failure of any relief valve to open during a 
quench or whether to impose a periodic retest requirement on 
these valves. 



8" Header Element Failure Mode 

I. 

I I. 

c. 

I I I. 

IV. 

v. 

Expansion Joint Inelastic yield of 
convolutes 

Flex Hose Assembly (see Fig. 4 '5' & 6) 

a. Braided Flex 
2" & 3" 

b. Spool Manifold 

c. Relief Valve Body 

Rupture 

Rupture of alignment flex 

Fracture of flange lip 

d. Branch to 8" Header Rupture at weld 

8" Sch 5 Pipe 

8" Tees & Elbows 

Feedcan Region 

a. Tie Bar 

b. Tie Bar Elbow 
Bracket 

c. Lateral Support 
Structure 

d. Tabs on 8" Pipe 
Vertical Riser 

Rupture 

Rupture 

(see Fig. 2) 

Yield of the bar 

Deformation of elbow at 
bracket 

Slip of Unistrut nuts 
in Unistrut channel 

Bending of tabs 

T A B L E I 

Failure Effect 

Loss of cycle life 
or leaks 

Leaks 

Leaks 

Leaks 

Leaks 

Leaks 

Leaks 

Excessive stroking 
of expansion joint 
and movement of 
pipe adjacent to 
feedcan 

Same as V.a. 

Same as V.a. 

Failure Pressure 
(Force) 

200 psig 

1000 psig 

600 psig 

12969 in.-lb 
torque on 
flange 

1500 psig 

1890 psig 

<l-890 

324 psig 

468 psig 
(29042 lbs) 

30 psi 
differential 

Loading of adjacent (11715 lbs) 
expansion joints 
laterally until expansion 
joints rupture & yield of 
4" feed to 8" header in 
Refrigerator Bldg. 
Possible leaks 

Safety 
Factor 

2 (with no 
squirm 
protection) 

4 

4 

3 (with no 
rotation of 
valve body) 
5.5 with 
rotation 

15 

5 

>5 

3 

4 

3 

3.75 

Maximum 
Working 
Pressure 
(Force) 

100 psig 

250 psig & 
375 psig 

150 psig 

100 psig 

100 psig 

300 psig 

378 psig 

158 psig 

108 psig 

117 psig 

10 psi 
differen
tial 

( 3125 lbs) 

Comments 

Manufacturer states 
120 psig max. work
ing pressure 

Torque transmitted 
due to alignment flex. 

No reinforcing required 
per ANS I 31. 3 

Per ANSI 831.3 

Per MSS SP43 fabri-
cated welded tee 

Assumes NO additional 
strength-cfue to sharing 
of load with lateral 
support structure 

Assumes no additional 
strength due to sharing 
of load on both sides 
of feedcan thru tie bar 

_J 



TABLE ·1 (continued) 
Page 2 

8" Header Element 

VI. Double-Turnaround Region 

a. Anchor & Support 
Brackets 

Failure Mode 

(see Fig. 3) 

Shifting of Header 

b. 6" Butterfly Valve Rupture 

c. Fabricated Manifold Rupture 
6" Pipe 

VII. A12/F47 Ceiling Anchor Anchor shear 

VIII. A12/F47 Wall Anchor 

IX. F47-3 Penetration 
Anchor 

X. 11 & 49 End Anchor 
Reaction Anchor 

XI. Expansion Joint Guide 
Assembly 

XII. Pipe Support Assembly 

XIII. Relief Valves 
a. 6 psi 

Anchor shear 

Pipe deformation 

Concrete anchor shear 

Bending of Guide 

Concrete anchor pullout 

Bolt failure 

Failure Effect 

Bending of cooldown 
piping. Possible 

Leaks 

Leaks 

Excessive stroking 
of expansion joint 
possible leaks 

Excessive stroking 
of expansion joint 

Failure Pressure 
(Force) 

200 psi differ
ential 

2234 psig 

416 psig 

495 psig 

Excessive motion on 468 osig 
expansion joint. 
·Possible leaks 

Excessive motion on 580 osig 
expansion joint. 
Possible leaks 

Excessive motion on 1408 psig 
expansion joint. 
Possible leaks 

Excessive header ( 4320 lbs.) 
movement & damage vertical 
to fl ex hoses & any ( 3840 lbs ) 
equipment underneath horizontal 
header 

High inertial loading 
at feedcan area. 
Possible projectiles 

Safety 
Factor 

2 

5 

4 

4 

4 

4 

4 

4 

4 

4.5 

Maximum 
Working 
Pressure 
(Force) 

100 psi 
differ-
ential 

270 psi 

447 psig 

104 psig 

124 psig 

117 psig 

145 psig 

352 psig 

( 1080 1 bs) 
vertical 
(960 lbs) 
horizontal 

(7244 lbs) 
combined 
inertial & 
pressure 
forces 

Comments 

Assumes sharing of load 
between supports and 
anchors. Straps 
tightened to yield. 

Per manufacturer 

Per ANSI B 31.3 
Disregards noncircular 
cross section 

Assumes no additional 
strength due to 
reinforced U-clamp 

Assumes only 2 of 4 
bolts takes shear load 

Similar to V.b where 
failure was defor-
mation of elbow 

Assumes only 2 of 4 
bolts takes shear load 

Supports are nominally 
every 10' or 100 lbs of 
header. 200' of header 
would have to lift to 
attain this loading 
vertically. Horizontal 
loading is nominally the 
rolling friction of 
rollers, less than 100 
lbs. Pipe will not lift 
out of supports due to 
pressure in pipe. 

Includes inertial forces 
acting on sealing plate 

I 
I-' 
CD 
I 



TABLE I (continued) 
Page 3 

8" Header Element 

XIII. Relief Valves (cont'd) 

b. 12 psi 

c. 50 psi 

XIV. Above Ground Piping 

Failure Mode Failure Effect 

Bolt failure Loss of gas -
Possible projectiles 

Bolt failure Excessive gas 
dumping to tunnel 

Overstressing of pipe Possible rupture after 
by thermal expansion some cycling 
& contraction 

Failure Pressure Safety 
(Force) Factor 

--

>4. 5x2 

>10 

>3 

Maximum 
Working 
Pressure 
(Force) 

(<7244 lbs) 
2 

650 psig 

Not 
applicable 

Comments 

Location where used does 
not see maximum inertial 
forces 

Inertial forces not 
included 

Checked per ANSI B 31.3 
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APPENDIX A 

Inertial-Momentum. 

Beam Tube Break. 

Spool Manifold. 

Branch Reinforcement. 

Tie Bar. 

Feedcan Region Brackets. 

Feedcan Region Vertical Riser Tabs. 

Feedcan Region Forces. 

OTA Support Bracket. 

OTA Anchor Bracket. 

A-0 Anchors. 

Penetration at F47 Anchors. 

Guide Bracket. 

Support Bracket. 

Pipe Lift and Moments at Jogs. 

Above Ground Analysis. 

Relief Valve Bolts and Flanges and Blankoffs. 

End Anchor. 

Reaction Anchor. 

Feedcan Region Pressure Drop 

The contents of this Appendix are filed in the Accelerator Division 
Safety Files, File no. 1-2.10300. 



APPENDIX B 

- Test Data -

1. Bellows Pressure Test, 3/8/82. 

2. Bellows Pressure Test, 3/11/82. 

3. Kautzky Flange and Clamp Failure. 

4. Hydrostatic Pressure Test of Kautzky Valve Flange 

and Two Piece Brass Clamp. 

5. Rotational Resistance of Aeroquip Clamp vs. Two Piece 

Brass Clamp. 

6. Pressure Effects on Spool Manifolds. 

7. FBA Tie Bar Elbow Bracket. 

8. OTA Anchor Slip. 
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Fermi lab 

To: The File ~ \.. 
. """-.\ . 

, \' 
From: G.T.Mulho11Li"d · 

March 8, 1982 

Subject: HYDRAULIC/PNEUMATIC TEST OF AN 8" TUNNEL HEADER BELLOWS 

A Flexonics bellows fabricated to 0428.00MB107559A with the fol
lowing specifications: 

1. Single ply bellows 
2. Max. spring rate 
3. Stroke 
4. Cycle life 
5. Working pressure 
6. Working temperature 

0.015" wall min. 
SOO;f /in. 
±1/2 in. 
7000 cycles 
60 psig 
200°F to 95°F 

constrained to be relaxed, uniaxial and of fixed length was 
pressure tested. The bellows was filled with water and pneu
matically pressurized using the Bubble Chamber relief valve 
testing cart. The diameter was measured with a bow micrometer 
and the convolution gap monitored with a feeler gauge. 

Pictures of the failed bellows will be available from Photography 
in a few days. 

GTM:er 
attach. 
cc: H.Edwards 

W.B.Fowler 
J.Misek ._... 
C.T.Murphy 
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Test: 

Objective: 

Results: 

Test: 

Objective: 

Results: 

Test: 

Objective: 

Results: 

Kautzky flange and clamp failure. 

Subject two piece clamp and Kautzky flange to 
force perpendicular to axis of flange to observe 
yield and shear. 

-32-

Yield appeared at 9392 in./lbs. Could not visually 
tell what yielded first. Continued increase 
in force caused plastic deformation of brass. 
At 12969 in./lbs aluminum flange abruptly sheared. 

9392 f 6 = 1565 lbs force at alignment bellows. 

Area of alignment bellows 

311 dia. = 1Td 2 /4 
- 7 in. 2 

Equivalent pressure in manifold to generate 
yield torque = 

1565 
= 223 psig. 7 

fracture torque = 12 ~ 69/7 = 308 psig. 

Hydrostatic test of Kautzky valve flange and 
two piece brass clamp. 

Observe localized leak where clamp is split at 
450 psig. 

1. No leak observed at water pressure. 

2. No 1.eak observed at gas pressure after water 
was removed. 

3. No measured plastic deformation observed on 
clamp. 

Rotation/resistance test of Aeroquip clamp vs 
two piece brass clamp. 

Compare both clamps with no 0-ring, with dry 
0-ring and with greased 0-ring. · 

Brass more resistive generally. There was little 
difference until 0-ring was greased. At this time 
the brass retained its resistance while the Marmon 
did not. The directional forces between the brass 
clamp and aluminum flange are a factor while the 
same between the Marmon and aluminum flange are not. 
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Test: 

Objective: 

Results: 

-36-

Pressure effects on spool manifolds. 

Subject two different clamps for Kautzky valves 
to a variety of forces equal to pressures possible 
in spool, to determine effects on torque settings 
of clamps. 

Per chart. 
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Test: 

Objective: 

Results: 

FBA tie-bar elbow and bracket. 

Increase force of elbow to failure. 

Force-lbs 
15638 

17872 

22340 

24574 

26808 

29042 

Comments 
Tie-bar plate deflection 1/ 16 II• 
Nothing noted on welds or elbow. 

Tie-bar plate d~flection 1 /8 II• 
Nothing noted on welds or elbow. 

Tie-bar plate deflection 3/16 11
• 

Nothing noted on welds or elbow. 

Tie-bar plate deflection 5/16 11
• 

Nothing noted on welds or elbow. 

Tie-bar plate deflection 3/8 11
• 

Relaxed force to observe plastic 
deformation of plate. Deformation 
= l/8 11

• 

Elbow abruptly forced on side away 
from feedbox. Continued force of 
22340 lbs caused a uniform rate of 
further deformation. Stopped test 
at this point. 



Test: 

Objective: 

-39-

OTA anchor slip test (one anchor). 

Determine force required to cause axial movement. 

There are normally two anchors at each OTA but 
only one was used in this test. The results on the 
graph are the test results times two. There are 
two additional supports which should offer some 
anchoring but are not presently considered as such. 
The penciled portion of the curve is measured and 
the red is an extrapolation assuming the same rate 
of diminishing return. 
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APPENDIX C 

- Manufacturers',Data and Reference Material -

1. Flexonics letter 3/17/82. 

2. Anaconda data sheets for expansion joint. 

3. ANSI 831.3, Appendix A. 

4. MSS, SP43. 

5. Flexweld data with Fermi specs for Flexonics 
fabricated hose. 

6. Fermi1ab spec for Flexonics and Flexweld fabricated 
alignment flex. 

7. Unistrut data. 

8. Hi1ti data. 

9. Hills-Mccanna data. 
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Flexonics D1v1s1on 
300 !::ast Devon Avenue· Banlett. lli1no1s 60103 
Telephone 312-837-1811 ·Telex 72-2455 

NAL Fermi Lab 
PO Box 500 
Batavia, Illinois 60510 

Attn: Joel Misek 

Dear Mr. Misek: 

-42-

March 17, 1982 

Confirming your phone conversation of 3-10-82 with Dick Landwehr 
of our Bellows Degisn Engineering Deparmtent, following is the data 
covered. On NAL P/N 0428.00-MB-107559, our P/N 100-838-5001, the bel
lows assembly has a calculated burst of 878 PSIG, deformation of 180 
PSIG and squirm of 120 PSIG. The squirm calculation includes a factor 
as applicable to dynamic squirm as might occur during axial stroke wi:h 
no offset of the ends. 

Based on the above, we would recommend the maximum working pres
sure to be 120 PSIG. At this pressure, the calculated stress would be 
34,000 PSI. At the 120 PSIG working pressure, the safety factor is 
just below the recommended 4:1 level usually maintained. 

If any further questions, please call. 

EKH/cp 

lJOp1nc. 

Yours truly, 

i 
( 
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PIPlh!G SYSTEMS 

Anaconda Expansion Joints must be both correctly selected and properly installed for effective performance in ser
vice. The reactions created by pressure and movement within the piping system should be carefully considered. 
The deflection loads and other influencing forces, including pressure thrust, must be recognized when designing an
chors and guides. The internal pressure acting on the thrust area of an expansion joint can cause very high anchor 
loads. Thrust areas of Anaconda Expansion Joints are listed in the chart below. The following precautions must be 
taken during installation: 

• System arrangement must not create torque on Ex
pansion Joints. 

•Piping centerlines should be precisely aligned for 
axial movement. 

• lateral movement should be divided equally on 
each side of the normal pipe centerline wherever 
possible. 

• Anchors must be of sufficient strength to withstand 
the thrust pressure of the pipe section (thrust area 
of the Expansion Joint x maximum pressure). 

• At initial system pressurization, all pipe guides and 
anchors must be secure and functioning. 

• Field pressure tests should be limited to 1.25 x the 
maximum working pressure to avoid accidental 
over-pressurization. 

• All shipping rods must be removed. 

I /..JITIAL E x PAN s I c_, AJ 
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BELLOWS Dlri..'iENSIONAL DATA 

MAX. MAX. 
PIPE SIZE BELLOWS THRUST PIPE SIZE BELLOWS THRUST 

IN 0.0. IN AREA IN 0.0. IN AREA 
INCHES INCHES SQ. IN. INCHES INCHES SQ. IN. 

2 31/• 5.5 12 141/a 135 

21/2 3'¥• 7.5 14 161/a 181 

3 4"fe 10.5 16 181/a 233 

3112 41/e 13.5 18 201/a 289 

4 5"fe 17 20 22'111 347 

5 61/2 27 24 26% 492 

6 7% 37 30 32% 755 ...._ .., 8 9% 62 I 36 38% 1070 

10 12 97 42 44% 1460 

48 50% 1885 

WAS 

SPECtr\ L CUFFS .. 

Ot<.. DE/~ 

7t)111.J r 

wALL 7HtCKAJc5S 
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MAXIMUM FIXED FLANGES FLOATING FLANGES 
WORKING PRESSURE (Jllmu AT ROOM TEMPERATURE ~filfil1 W'~· di:;1 

'yJy 
P!PE 
s;ze SERIES FL.0.NGED NIPPLED TYPES ES44, MS44 TYPES ES77, MS77 

IN. UNITS UNITS OAL APPROX. OAL APPROX. 

(SEE NOTE 1 > IN. WT. LBS. IN. WT. LBS. 

2 ES 120 120 6 1/4 11 -- --
-- -- -- -- -- --

21/2 ES 120 120 7 1/s 15 -- --
-- -- -- -- -- --

3 ES 120 120 75/a 17 -- --
-- -- -- -- -- --

3!12 ES 120 120 73/4 23 -- --
-- -- -- -- -- --

4 ES 150 120 7s1e 17 75/a 16 
4 MS 300 240 I 81/4 28 81/4 29 

5 ES 130 100 8 22 8 22 
5 MS 260 200 87/s 34 8 7/s 34 

6 ES 100 I BO 87,"a 28 8 7/s 28 
6 MS 200 I 160 91/2 42 91/2 39 

8 ES 100 I 80 101/a 40 101/a 37 
8 MS 200 160 111/e 68 11 Ve 64 

10 ES 80 80 101/s 56 10Ys 53 
10 MS 160 160 111/2 94 11 Y2 89 

12 ES 80 70 101/s 91 10Ys 88 
12 MS 160 140 12 142 12 138 

14 ES 60 50 1 l3/s 106 1 Pie 97 
14 MS 120 100 1H's 114 1 l3/e 106 

16 ES 50 45 1 n1s 126 1 Pie 127 
16 MS 100 90 1 Pie 135 1 P/e 137 

18 ES 50 40 12 114 130 121/4 131 
i8 MS 100 80 12% 142 121/4 144 

20 ES 40 30 10314 149 103/4 150 
20 MS 80 60 103/4 160 10 3/4 162 

24 ES 40 25 1 l3/4 239 -- --
24 MS 80 50 11 :Y4 252 -- --

30 ES 40 24 (SEE -- --
30 MS 80 48 NOTE 2) -- --

36 ES 35 20 -- --
36 MS 70 40 -- --

42 ES 30 18 -- --
42 MS 60 36 -- --

48 ES 25 15 -- --
48 MS 50 30 -- --

NOTES: 1. Nippled units can be provided to eq.;al pressure capabilities of flanged units. 
2 Details for sizes above 24" vary depending on flanges used. See Page 4. 

·-·~~ 

WELDING NIPPLES 

(illill[J !!1 

TYPES ESl 1, MSl 1 
OAL APPROX. 

IN. WT. LBS. 

6 7/e 1.5 
-- --

71/2 2.2 
-- --

87/s 4.0 
-- --

87,"s 4.6 
-- --

95/a 5.4 
95/e · 6.7 

10 7.3 
10 9.0 

10% 9.4 
103/e 11 

12 5/a 17 
125/a 21 

12 5/a 23 
125/a 27 

12 5/a 31 
12 5/a 35 

147/s 27 
147/e 35 

14% 31 
14 7ls 40 

15 3/4 36 
15 3/4 48 

141/4 37 
14% 48 

141/4 44 
141/4 57 

141/4 56 
141/4 72 

14 Y4 67 
141/4 86 

141/4 78 
141/4 100 

14 1/4 89 
14 Y4 114 
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MAXIMUM RATED TOTAL AXIAL MOVEMENT 

JN INCHES FOR DESIGNATED CYCLE LIFE 

(SEE NOTE 1) 

AXIAL 
PIPE DEFLECTION FOR FOR FOR 
SIZE FORCE 1.000 7,000 15.000 
IN. SERIES LBS. PER IN. CYCLES CYCLES CYCLES 

2 ES 360 0.9 0.6 0.5 
-- -- -- --

2V2 ES 590 0.9 0.6 0.5 
-- -- -- --

3 ES 530 1. 1 0.7 0.6 
-- -- -- --

3V2 ES 600 1. 1 0.7 0.6 
-- -- -- --

4 ES 625 1.2 0.7 0.6 
4 MS 1250 

5 ES 490 1.3 0.8 0.7 
5 MS 980 

6 ES 525 1.6 1.0 0.8 
6 MS 1050 

8 ES 457 2.0 1.2 1.0 
8 MS 914 

10 ES 450 2.3 1.4 1.2 
10 MS 900 

12 ES 420 2.8 1. 7 1.4 
12 MS 840 

14 ES 650 2.9 1.8 1.5 
14 MS 1300 

16 ES 740 2.9 1.8 1.5 
16 MS 1480 

18 ES 750 3.2 2.0 1.6 
18 MS 1500 

20 ES 430 2.5 1.8 1.5 
20 MS 860 

-
24 ES 520 2.5 1.8 1.5 
24 MS 1040 

30 ES 665 2.5 1.8 1.5 
30 MS 1330 

36 ES 800 2.5 1.8 1.5 
36 MS 1600 

42 ES 940 2.5 1.8 1.5 
42 MS 1880 

48 ES 1090 2.5 1.8 1.5 
48 MS 2180 

NOT-ES: 1 See "Movements - Axial Travel'', Page 5. 
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MAXIMUM RATED TOTAL LATERAL FORCE JN POUNDS REQUIRED TO 

MOVEMENT JN INCHES FOR ACHIEVE LATERAL DEFLECTION JN 

OESIGNATCD CYCLE LIFE INCHES FROM NORMAL CENTERLINE 

FOR 
1,000 FOR FOR 

CYCLES 7.000 15.000 .10" .20" .30" 
(Sae note 2) CYCLES CYCLES 

0.50 0.31 0.25 68 107 141 
-- -- -- -- -- --

0.49 0.30 0.25 108 171 224 
-- -- -- -- -- --

0.52 0.32 0.26 111 176 232 
-- -- -- -- -- --
0.46 0.29 0.24 154 245 322 
-- -- -- -- -- --

0.44 0.27 0.23 181 286 378 
362 572 756 

0.44 0.27 0.23 177 279 370 
354 558 740 

0.48 0.30 0.25 225 354 468 
450 708 936 

0.59 0.36 0.29 205 323 427 
410 626 854 

0.53 0.33 0.27 316 500 660 
632 1,000 1,320 

0.55 0.34 0.28 404 635 840 
808 1,270 1,680 

0.58 0.35 0.29 648 1,020 1,350 
1,296 2,040 2,700 

0.51 0.31 0.26 940 1,480 1,960 
1,880 2,960 3,920 

0.56 0.34 0.28 963 1,520 2,010 
1,926 3,040 4,020 

0.36 0.22 0.18 1,300 2,050 2,720 
2,600 4, 100 5,440 

0.30 0.18 0. 15 1,970 3,090 --
3,940 6.180 --

0.24 0: 15 0. 12 3,460 5,440 --
6,720 10,900 --

0.20 0.12 0. 10 5,870 9,250 --
11,700 18,500 --

0.17 0.11 0.09 9. 160 14,440 --
18,300 28.900 --

0.15 0.09 0.08 15.150 -- --
30,300 -- --

2 Total travel must be distributed. See "Movements - Lateral Travel", Page 5. 
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ALLOWABLE WORKING PRESSURES 
For the convenience of piping engineers, pages 99 
thru l 09 show the allowable pressure rating at 
temperature of various piping materials including 
Stainless Steel Type 304L, 304, 316L, 316 and 
Monel. Nickel and Aluminum Alloys 3003 and 
6061 in sizes 1;2" thru 24" in popular wall 
schedules. 

Stress values shown at various temperatures are 
as given in Appendix A of Al'WSI B3 l .3-Code for 
Pressure Piping for Petroleum Refinery Piping. 

The allowable pressure ratings have been cal
culated from the basic formula given in ANSI 
B3 l.3 as follows: 

PD 
t= + c 

2S + 2yp 

or 

2S (t - C> 
p = D - 2y ( t - C) 

Where: t =design thickness of the pipe ( 12Vi% 
less than the nominal wall thickness 
of any given pipe size) 

p = internal design pressure, PSIG 
d = outside diameter of pipe, inches 
s = allowable stress for materials at serv

ice temperature, psi 
c = allowance for mechanical and corro

sion, inches. (Zero for our calcula
tions). 

y = a coefficient having values as follows: 
For austenitic stainless steels-

0.4 up to and including 1050°F. 
0.5 for 11oo=F 
0.7 for 115o=F and above 

For non ferrous metals-
0.4 up to and including 900°F. 

Type 30-iL-Schedules 5S and 105 .......... page 99 
Type 30-iL-Schedules 405 and SOS ......... page 100 
Type 30-i-Schedule 105 .................. page 101 
Type 30-i-Schedules 405 and SOS .......... page 102 
Type 316L-Schedules 5S and lOS .......... page 103 
Type 316L-Schedules 40S and SOS ......... page 104 
Type 316-Schedule lOS .................. page 105 

The computations shown are a preliminary 
guide for determining the proper wall thickness 
and are not to be considered a substitute for var
ious Codes for Pressure Piping. 

The user should refer to the applicable Code for 
Pressure Piping covering the design and material 
limitations and rules. The particular Code should 
be reviewed before final design thickness is deter
mined. Depending upon the general service for 
which the piping system is intended, one of the 
following may be applicable: 

ASME-Section I-Power Boilers 
ASME-Section III-Nuclear Power Plane 

Components 
ASME-Section VIII-Pressure Vessels 
ANSI B31.I-Power Piping 
ANSI B3 l.3-Petroleum Refinery Piping 
ANSI B3 l.5-Refrigeration Piping 

The user is cautioned that the stress values 
shown in the various Codes do vary. For example, 
the stress values used in our calculations are not 
the sam~ as noted in ANSI B3 l. l. Limitations on 
maximum temperature for materials may also vary 
with each Code. 

It should be noted that all calculations are 
based on a specific piping material. Other mate
rials may be used in the manufacture of FLBWUNE 

butt weld fittings. FLDWLINE fittings are so manu
factured that their pressure ratings will equal or 
exceed those of equivalent straight pipe for the 
same size, wall thickness and material. 

Type 316-Schedules 40S and SOS .......... page 106 
Monel 400 and Nickel 200-

Schedules lOS and 40S .................. page 107 
Aluminum 3003-0-

Schedules 40S and SOS .................. page 108 
Aluminum 606l-T6-

Schedules 40S and SOS .................. page 109 

(c:ontinued on nut p11•> 
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STAINLESS STE EL 1401141 
Sf' .• mll · _ P1p1:: and Tubes 

y,() -~~-.:· J '.111 T;..l•l~S 

12\r .~l T .h1..·s 
1 JC::r-Tr T.J~l'S 
1 JCr Tubes 
16Cr TubC"s 

I bCr Tt Tubes 
2<1Cr Cu Tubes 
27Cr-Tubes 
l 1-il1-i-"'.'1 Pipe 

t "C:r-F.~1 Pipe 

1 /;lr-hN1 Pipe 
2?•Cr 12!'/i Pipe 
2:.Cr·:!Of'>.'.1 P1pc-
25Cr 20!'ii Pipe 
If.Cr 1 2N1-:?Mo Pipe 

16Cr-1 ::!N1-2Mo Pipe 
16Cr-] :Ni-2\<'lo Pipe 
18Cr-l JNi-JMo Pipe 
18Cr-10Ni-T1 Pipe 
18Cr-10~1-Ti Pipe 

18Cr- l ONi-Cb Plpe 
l 8Cr- 1 ONi-Cb Pipe 
: 8Cr-l ONi-Cb Pipe 
18Cr-lON1-Cb Pipe 
18Cr-8Ni Ptpe 

18Cr-8N1 Pipe 
J 6C'r J 2Ni-2:\1o Pipe 
l 6Cr-1 :?N1-::!~1o Pipe 
18Cr-J O~i-Ti Pipe 
l 8Cr-1 O~i-Ti Pipe 

I BCr· l ON1·Cb Pipe 
1 BCr-1 ONi·Cb Pipe 
18Cr-10Ni-Cb Pipe 
l 6Cr-8Ni 2Mo Pipe 
18Cr·8Ni Ptpe 

18Cr·8!':i Pipe 
l 6.Cr· l 2Ni·2M..t Pipe 
16Cr· I :?N1-2\1o Pipe 
l 8Cr·l ONi·Ti Pipe 
l 8Cr· I ONi· Ti Pipe 

1 BCr-1 ONi·Cb Pipe 
l 8Cr· 1 ON"i-Cb Pipr.: 
L6Cr-8Ni-:":Mo Pipe 

Centrifugally Cast Pip• 

ASTM A268 
ASTM A268 
ASTM A268 
AST.\1 A268 
ASTM A268 

:'\ST.\1 .A.:?68 
ASTM A268 
A:-.TM A'.:!68 
ASTM AJI 2 
ASTM A312 

ASTM A312 
ASTMA312 
ASTM A312 
ASTM A312 
ASTM A312 

ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 

ASTM A312 
ASTM AJ12 
ASTM A312 
ASTM A312 
ASTM A376 

ASTM A376 
ASTM A376 
ASTM A376 
ASTM A376 
ASTM A376 

ASTM A376 
ASTM A376 
ASTM A376 
ASTM A376 
ASTM A430 

ASTM A430 
ASTM A430 
ASTM A430 
ASTM A430 
ASTM A430 

ASTM A430 
ASTM A430 
ASTM A430 

18Cr-81'i ASTM A451 
18Cr-10Ni-2Mo ASTM A451 
18Cr-10Ni-Cb ASTM A451 
l 5Cr-IJNi·2Mo·Cb ASTM A451 
23Cr-13Ni ASTM A451 

23Cr-lJNi 

25Cr-20Ni 
18Cr-8Ni 
16Cr·l2Ni-2Mo 

l 8Cr- l ONi-Cb 

ASTM A451 

ASTM A451 
ASTM A452 
ASTM A452 

ASTM A452 

Electric Fusion Weld!fd PiR'!i and Tuba 

12Cr·Al Tubes ASTM A268 
11 Cr- Ti Tubes ASTM A268 
13Cr Tubes ASTM A268 
l 6Cr Tubes ASTM A268 
18Cr-T1 Tubes ASTM A268 

:?OCr-Cu Tubes 
27Cr Tubt":S 
26Cr·3~1-lMo Tub~s 

18Cr·8Ni Pipe 
J 8Cr·B!°'li Pipe 

l 8Cr-8Ni Pipe 
23Cr·12Ni Pipe 
25Cr-20Ni Pipe 
25Cr·20Ni Pipe 
16Cr-12Ni·2Mo Pipe 

l8Cr·l 2Ni·2.'v1o Pipe 
l6Cr-l 2Ni·2,\.1u Pipe 
18Cr·13Ni-3Mo Pipe 
l 8Cr· l (J ...... I· Ti Pipe 
18Cr·10Ni·Ti Pipe 

18Cr·10Ni-Cb Pipe 
1 BCr-1 Of'i..:1-Cb Pipe 
l 8Cr· 1 ON1·Cb Pipe 
18Cr· l OS.·Cb Pipe 
Typt- JU4 A240 

ASTM A268 
ASTM A268 
ASTM A268 
ASTM A312 
ASTM A312 

ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 

ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 

ASTM A312 
ASTM A312 
ASTM A312 
ASTM A312 
ASTM AJ58 

r l)f ~h;;.ded ;ur.a~ .51.'C' ~otc 4 

APPENDIX A 

TABLE 1 

AL LO'.'. ABL t STRFSSES IN H ·:~ION FOR r.~A TERIALS (16, 46) 
1r..;:.;'l.·eE- RS IN Pf~RE ~ ... 7!-1~ <."·fS i-i E.F ER TO STRESS 1 ABL F ~~OTES. SEE P.AGE~ 98 THROUGH 101) 

1371 
"P" 
No. 

JOE 
7 
6 
6 
7 

7 
10 
!OE 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

10 
JOE 
JOE 
8 

8 
8 
8 
8 
8 

Grade 

TPJ29 
TP405 
TP409 
TP410 
TP430 

TP4JO-l 
TP443 
TP446 
TP304 
TP304H 

TP304L 
TP309 
TP310 
TP310 
TP316 

TP316H 
TP316L 
TP317 
TP321 
TP321H 

TP347 
TP347H 
TPJ48 
TP348H 
TP304 

TP304H 
TP316 
TP316H 
TP321 
TP321H 

TP347 
TPJ47H 
TP348 
16-8-2H 
FP304 

FP304H 
FP316 
FP316H 
FP32 1 

FP321H 

FP347 
FP347H 
FP-16-8-2H 

CPF8 
CPF8M 
CPF8C 
CPFlOMC 
CPH8 

CPHIO or 
CPH20 
CPK20 
TP304H 
TP316H 

TP347H 

TP405 
TP409 
.TP410 

TP4JO 
TP430-l 

TP443 
TP446 
TP329 
TP304 
TPJ04H 

TP304L 
TP309 
TP310 
TP310 
TP316 

TPJ16H 
TP316L 
TPJl 7 
TPJZI 
TP321H 

TP347 
TP347H 
TP348 
TP348H 
304 

Class 
Factor 

IEI 

0.90 
0.90 
0.90 
0.90 
0,90 

0.90 

0.90 
0.85 
0.85 

0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

Tensfla 
S1rength 
Min. PSI 

90000 
60000 
60000 
60000 
60000 

60000 
70000 
70000 
75000 
75000 

70000 
75000 
75000 
75000 
75000 

75000 
70000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
70000 

70000 
70000 
70000 
70000 
70000 

70000 
70000 
70000 

70000 
70000 
70000 
70000 
65000 

70000 

65000 
75000 
75000 

75000 

60000 
60000 
60000 
60000 
60000 

70000 
70000 
90000 
75000 
75000 

70000 
75000 
75000 
75000 
75000 

75000 
70000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

Yield 
Strength 
Min. PSI 

7<1000 
30000 
30000 
30000 
35000 

30000 
40000 
40000 
.30000 
30000 

23000 
30000 
30000 
30000 
30000 

30000 
25000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 

28000 
30000 
30000 
JOOOO 
28000 

300u0 

28000 
30000 
30000 

30000 

30000 
30000 
30000 
35000 
30000 

40000 
40000 
70000 
30000 
30000 

25000 
30000 
30000 
30000 
30000 

30000 
25000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

28 
28 
28 
28 

No1es 

28. 38 

28, 38 
28 
28 
6a, 20, 23. 30 
23 

28. 41, 52 
28, 41. 52 
6. 28,41, 52 
20 

23 

20, 23 
6a, 20 

6a, 20 

6a, 20 

6b, 20, 23, 30, 36 

23 
6b, 20, 23. 36 
23 
6a, 20. 36 

6a, 20, 36 

6.a, 20, 36 
6b, 23, 12 
6b, 23, 36 

23, 36 
6b, 23. 36 
23, 36 
6a, 36 
36 

6a, 36 
36 
6b, 23, 36 

20, 22, 23 
20, 22, 23 
6a, 20, 22 
6.a, 12, 20, 22 
12, 20, 22, 28 

8, 12, 20, 22. 28. 41 

20. 22. 28, 41 
22, 23 
22, 23 

22 

28 
28 
28 
28, 38 
28, 38 

28 
28 
28 
20, 23 
23 

28, 41, 52 
28, 41. 52 
6, 28, 41, 52 
20, 23 

23 

20, 23 
6a, 20 

6a, 20 

6a, 20 

6b, 20, 23, 36 

....... 83. 3 • 9 ,'6 

-47 .... 

1261 
Min. 

Temp. 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 

-425 
-325 

-425 
-J.25 
-325 
-325 
-325 

-325 
-325 
-325 
-325 
-325 

-425 
-325 
-325 
-325 
-425 

-325 
-325 
-325 
-325 
-325 

-425 
-325 
-325 
-325 
-425 

-325 
-325 
-325 
-325 
-325 

-425 
-325 
-325 

-425 
-425 
-325 
-J::!S 
-325 

-325 
-.325 
-325 

-325 

-20 
-20 
-20 
-20 
-"O 

-20 
-20 
-:?0 
425 

-325 
-325 
-325 
-325 
-325 

-425 
-315 
-325 
-325 
-425 

Temp. 
To 100 

JUOUO 
2(101)0 

21/VOO 
:!0000 
20000 

20000 
2JJ50 
2)350 
20000 
~nooo 

10650 

1

20000 
20000 
:wooo 
20000 

20000 
16650 
20000 
20000 
20000 

20000 
20000 
2U000 
20000 

J 20000 

20000 
I 20000 

20000 
I 20000 

20000 

I 20000 
20000 

1

20000 
20000 
20000 

20000 
20000 
20000 
20000 
20000 

1

20000 
20000 
20000 

16800 
18000 
I 8000 

1
18000 
16800 

I 18000 

I 16800 
17000 
17000 

I iOOO 

200 300 

19100 ]J-,400 

19100 1~400 

19100 1&400 

22350 21400 
2:!)50 21400 
2uuoo .•onoo 
1noi1u ::oo:;o 

Jl>r, •u l r.,~50 
l•11)(iU .'W·UcJ 

.!OOUO !OUOO 
:ouoo iuoon 
2uuou :nouu 

2oroo :oooo 
1 ti6.liO r b650 
!OUOO 1UOUIJ 
2rJOOO lOOiJO 
.Zi)UUO .?OucJa 

!0000 :uuoo 
211000 20000 
200011 !0'100 
lOOt!O cOt!OO 
:oooo 20000 

10000 
2000ti 
10000 
lUUOO 
20000 

:oaoo 
20UQO 
2ti000 

JOUOO 

.!0000 
!(11100 
10VOO 
20000 
~:JtJ(IU 

20000 
zuooo 
lOOQO 

}0000 

zoonu !nooo 
!f1UQO 2UOOO 
!IJO(ln 2UOOO 
ZuOOO !OUOf) 
10000 :oouo 

10000 :!OV0(1 
:oooo .ZrJuOtJ 

t6SOP 
f j(l(JlJ 

1.~ouu 

16300 

I$fJUO 

ltJ8(1(1 
1 :ni10 
1 iOUO 

l 70/ltJ 

16FOtJ 
1~000 

1'000 

l~UOO 

lrif:OO 
1 ?t!OO 
17000 

17000 10250 15650 
17000 
17000 16"50 15650 
17000 16250 15650 
17000 

l q~_:..r1 1 Q!ol.:;O 
JQSSO 19850 
25500 
1 iooo 1 -:aoo 
I 1600 i >UVu 

14200 /4l00 

1

17000 17000 
I 7000 ! 70UO 
17000 17000 
17000 l 7000 

17000 17000 
14200 14-:00 
l iOOO 17000 
17000 J ittOO 
17000 17000 

18~00 

18200 

J"'.'(ltJ(J 

1 ,ODO 

1-1.'00 
J ;'OUtJ 
1 j(lllf! 
J 70()0 
J1U()0 

110!>1} 
142!)0 
l;oon 
1-:'iJOo 
; ~ouu 

11000 
17000 
17000 
11000 

r ;uao 1 h«H' 
17000 I 7hn) 
17000 z 7,11)0 

1 ';'000 I iilQ() 

jl 7000 l 7000 I 'JOO 



~PPENDIX A 
TABLE 1 

ALLO\\AELE 51RlcSE:S I'> TE~:$10N FOR MATE'l!.~LS 116, 46) 

.•.u~,·f·[.f":S i~~ Ptd~E~"THt:Sf S REFER TO SHH: SS TABLE NOTES. St:. ..-AGES 98 THRO'JGH 1011 

C~r:f..'.rJt\i STEfL tContJ 
c .. ~t.roqs. 

S1ructural 

1371 
·•p" 

~µtc.'1c:Jt1on No. 

-------------

A~ l".\1 . .0.216 
,.\'•, L\1 A2l 6 
A:-, f.\1 A:'16 
ASTM A352 

Grade 

\\CA 
\\Cb 
\\CC 
LCB 

Class 
Fa<: tar 

IEI 

0.80 
0.80 
0.80 
0.80 

Tensile 
Streng1h 
Mrn. PSI 

(d)O(iQ 

:'<J!)(1Q 

:-uuoo 
6~000 

'-1I1 f.. ~J .• :.•1 ri~ \.!JCh JS rTc .... 1~:: ;;~. f,,~t;'T.f:~- ·.IC' 1i~1~·d ~·ht"\\hnt· tll Arl'Ll•dix A !114) also be u<.ed as <,tru1..tural lllJt1:r1;;als. 

AST\1 .~36 I 0.92 58000 

Lm·. A"JD 11'.TEAMEDIATE ALLOY S1EEl 
So!amlc::..s P1p11 

_,!.: N1 
_\ 1 2N1 

N1-CrCu-AI 
2 1 .. Ni 
2 1 

.. Ni 

9 Ni 
9 N• 
2 Ni-1 Cu 
2 Ni-1 Cu 
c -~':i Mo 

~::.Cr- 1 .J Mo 
S Cr·ltiMo 
5 Cr· 1.'~ M'-'-B'2 S1 
5 Cr- 1/l Mo 
7CR-!,-J.Mo 

9Cr-l Mo 
1 1

1• Cr-1/:.Mo 
1 Cd,:Mo 
1 ~;a $1-1/i:Mo 
3 Cr-1 Mo 

21 ~ Cr-1 Mo 
C.Y, Mo 
~~Cr-~ 12 Mo 
2Cr 1hMo 
5 CrN1Mo 

7Cr-l/:Mo 
9Cr-l Mo 
1 11;. Cr-~'2 Mo 
1 Cr-h Mo 
3Cr-l Mo 

2 1:0Cr-1 Mo 

Centrifugally Cast Pipe 
C- 1 ; Mo 
"·:..Cr- 1 : Mo 
5 Cr·'~ Mo 
5 Cr- 1.; .\fo-1 1.: Si 
7 Cr· 1;Mn 

9 Cr·l .._.,v 
lhCr· 1 ;Mo 
l Cr- 1

; Mo 
1 1 ; 51- 1: Mo 

l'.!'.aC.:r 

3 Cr-1 f>,fo 

2 1 .. Cr-1 Mo 

ASTM AJJ} 
ASTM A334 
ASTM A333 
ASTM A333 
ASTM A3J4 

ASTM A333 
ASTM AJJ4 
ASTM A333 
ASTM A334 
ASTMA3J5 

ASTM A335 
ASTM A335 
ASTM A335 
ASTM A3J5 
ASTM A335 

ASTM A335 
ASTM A335 
ASTM A335 
ASTM A335 
ASTM A335 

ASTM AJJS 
A":l l"M AJ69 
ASTM A369 
ASTM A369 
ASTM A369 

AST.\1 A369 
ASTM AJ69 
AST.\1 A369 
ASTM A369 
AST!\.1 A369 

ASTM A369 

AST!\.1 A426 
ASTM A426 
AST\1 A426 
ASTM A426 
AST.\·1 A426 

AST:-..1 A426 
.-.STM A4:!6 
AST."1 A4'.!6 
A.STM A426 
ASTM A426 

ASTM A426 
AST.\1 A426 

Electric Resistance Welded Pipe 
3 1 2 Ni Pipe ASTM AJJJ 
2 1 • .a Nt Pipe ASTM A.lJJ 
9 Ni Pipe ASTM AJ33 
2 N1-l Cu Pipe ASTM A333 

Electric Fusion Welded Pipe 
C-M11 A'.::04 CR A ASTM Al SS 
C-Mo A:?04 CR R ASTM Al55 
C M,1 A~o4 C;Jl C AST.\1 AISS 
1 :Cr- 1 ;'1.ioA H~7(.R2L.Ll ASTMAlSS 
H.:r- 1 ~.\1uA 3~7c;R l:!CLl ASTMA15j. 

l '.i.Cr- 1 1'1.to A .'.\h7 l;R1lCL1 
2 1 .. cr. J \\,, A.1rt 7 \.R22 CL l 
SCr- 1·~\1<1 AJ87 CRS CLl 
C..\10 A204 GR A 
C-."-111 A204 CH B 

C-Mo A204 CR C 
~-~Cr 1 :\1o AJH; CR2CLI 
lCr- 1·.\1(• AJ1'7 Cill~CLt 
l '.aCr- 1 ;.\\,, A)fl "'.'CR 11 CL 1 
:? 1,Cr l\1H_...),J87 c;R22 Cll 

5C .. 1.\111 AJf.!'7 CRS CLJ 
C \1o A~n4 GK A 
C-MoA.:!04C.R H 
C-~1o A.:!(1-4 CR C 
1 .;Cr·' ."1u A.1~"' CR.:? Cl. I 

JCr '."1u A3~7 CK 12 CU 
1 1 ~C.r 1 ~\lc• AJH7 LI-I. 11 Cll 
.:!' .c.r i '.~ . A.;- - < ;k .:'..:!Cl. t 
::.cr.• •. \1., AJ:..- c;R q L1 
2',:'-11 A:!l!J t.R li 

ASTM Al .55 
ASTM A\55 
ASTM AI55 
ASTM A\55 
ASTM Al55 

ASTM A\55 
ASTM AI55 
ASTM AI55 
ASTM AI55 
ASTM AISS 

ASTMA\55 
ASTM Al55 
ASTMA\55 
ASTMA\55 
AST~1Al55 

ASTM A\5 
AST!\.1 AI5 
ASTM A\5 
AST~! Al5 
ASTM A67 

98 
98 
4 
9A 
9A 

l IA-SGI 8 
I IA·SG! 8 
9A 9 
9A 9 
3 Pl 

3 
3 

5 
4 
4 
3 
7 

9B 
9A 
l\A 

3 
3 
3 
3 
4 

3 
3 
4 

4 
4 
5 
5 
9A 

PZ 
PS 
P5b 
P5c 
P7 

P9 
Pl I 
Pl 2 
PIS 
P2 ! 

P22 
FPI 
FP2 
FP3b 
FPS 

FP7 
FP9 
FPll 
FP12 
FP21 

FP22 

CPI 
CP2 
CPS 
CP5b 
CP7 

CP9 
CPI I 
CP\2 
CP15 
CPCA-15 

CP21 
CP22 

CM65 
CM70 
CM75 
~2 Cr 
I Cr 

IV.Cr 
2~:. Cr 
5 Cr 
CM65 
CM70 

CM75 
%Cr 
1 Cr 
1 1,~ Cr 
2 1.~ Cr 

S Cr 
CM65 
CM70 
CM7S 
•·l Cr 

I Cr 
111.cr 
2~.a Cr 
5 Cr 
CF 70 

2 
2 
2 
3 
3 

10 or 20 

1.00 
1.00 
I.DO 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.85 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 
0.90 

0.90 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
0.85 

65000 
65000 
60000 
65000 
65000 

100000 
100000 

63000 
63000 
55000 

55000 
60000 
60000 
60000 
60000 

60000 
60000 
60000 
60000 
60000 

60000 
55000 
55000 
60000 
60000 

60000 
60000 
60000 
60000 
60000 

60000 

65000 
55000 
90000 
60000 
60000 

90000 
70000· 
60000 
60000 
90000 

60000 
70000 

65000 
65000 

100000 
63000 

65000 
70000 
75000 
55000 
55000 

.60000 
60000 
60000 
65000 
70000 

75000 
55000 
55000 
60000 
60000 

60000 
65000 
70000 
75000 
55000 

55000 
60000 
60000 
60000 
70000 

·------- - .~ 

Yield 

Strength 
Min. PSI 

Jrioc10 
_>1.r100 

-HIOOO 
J.$000 

36000 

35000 
JSOOO 
35000 
35000 

• 35000 

75000 
75000 
46000 
460.00 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 

35000 
30000 
60000 
30000 
30000 

60000 
40000 
30000 
JOOOO 
65000 

30000 
40000 

35000 
35000 
75000 
46000 

37000 
40000 
43000 
33000 
33000 

35000 
30000 
30000 
37000 
40000 

43000 
33000 
33000 
35000 
30000 

30000 
37000 
40000 
43000 
33000 

33000 
3;000 
30000 
3<1000 
40000 

Notes 

2. 9. 12 
2. 9. 22 
2. 9, 22 
2. 9. 22 

2, 5, 34 

69 
69 

3. 21 
3. 21 
21 
21 
21 

21 
21 
3. 21 
J, 21 
21 

21 
21 

3, 17 
3, 17 

J, 17 
3, 17 
3. 17 
17 
17 

17 
3 
3 
3 
3 

66, 67 

1261 
Min. 

Temp. 

20 
20 

·20 
-50 

-4B-

Min 

Temp. 
To tOQ 200 300 

1 (,•lfl() ! !( ~o J..: '.~(I 
l S!, 5<r ~ -,:,cfl l - ~'J 

1!-1650 iet·5fl 1~1,_;v 

17350 170~0 11,~50 

·20 II 17800 I &900 W1LIO 

-150 
-150 
-150 
-100 
-100 

-320 
-320 
-100 
-100 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 

-20 
-20 
-20 
-20 
-20 

-:o 
-:o 
- 20 
-20 
-20 

-20 
-20 

-150 
- I 00 
-320 
-100 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-:!O 

21700 
Zl 700 
20000 
21700 
21700 

19600 
l '}600 
19 JOO 
19600 
19600 

31700 .31700 
) 1700 31700 
21000 
21000 

1960!J 
IOt-00 
1 El ;o 
}l.Jt-00 

llj0(10 

18300 l6j0Q 18100 

18300 
20000 
20000 
20000 
20000 

20000 
20000 
20000 
18750 
20000 

20000 
18300 
18300 
20000 
20000 

20000 
20000 
20000 
20000 
20000 

20000 

11.JOO 
18200 
1e200 
11:00 
I 8.200 

1s:oo 
1s-oo 
18700 
16150 
18 7 00 

18'00 
lt-300 
18300 
!8 7 00 
18200 

1s:oo 
l!:'r.'.!0(1 

i~'7UO 

i8'."00 
1e-oo 

18700 

18100 
1 '7JOO 
j "'.'JOU 
l ~ )(;0 

17j00 

1'300 
l$0•J0 
1s11 :.o 
} 7t-t ~I 
l 81..1••;) 

180(10 
18h1J 
181('0 
180\11_) 
1 "'J00 

I 7)1;0 

i - ~ .. ~ 
18(1·)•) 

1 sc.:·0 
H<1)·_,,) 

2li00 .::1-00 .'.!l-t•i) 
18350 1-650 16950 
30000 .'.!Si"10o 26C5-0 
18750 I 7'41J() i -,_.30 
18750 l -s 5t) I -1· .... -, 

JOOOO 2.'.!:;oo 223,'0 
23300 2.;JOO 2.l_,.'v 
1875('1 li':?SO 1-i:· .j 

18750 1810(• l 7b,·0 
30000 

1875U 18100 l :-.:.·") 
23300 2Jj00 .::J.3JO 

1s.:oo lo7on 167L1J 
1840() lf171)0 lb-\1(1 

28300 .28300 
17850 

18450 18-1-50 15-l-~O 

19g0l1 '.Q"tlf' : "~.10 

21:?50 21250 :::5-L· 
tss:;o !Ss:.o is::o 
15550 l S55ll I =-s :•) 

l 700U 1-000 I-\ , .. j 
11000 I SYOO - 53• ".l 
17000 1'450 l•-.•v 
19550 19SSv 195-~l) 

20950 .:0950 :r•s:l1 

22500 22SUO 223,:,0 
164$0 16-!)(1 lt..-l-5'P 
16450 16450 164:-n 
18000 l SO<HI J :-.:•1•t· 
18000 l61"lSO 1t,.: .. 1t:; 

18000 j(.400 !"'" 
21700 :1 ... nt1 :1-v.1 
23JOO :3_;00 23~;,,_o1_1 

25000 =~VLH) 2~l'VV 
lBJOO lf:JOU !~_;,_,,, 

iaJoo ts_,lw 1s~:·l1 

20000 :1..ull\I 2,A ,j 

20000 ii::-oo !.'"1 ... _, 

20000 1 ~:oo 1-:- .. J 
19700 1 :900 



APPEl\!DIX A 
TABLE 1 

ALL()'.'.:.GLE SfRESSrS 1~; TE'cSION FOR r.IATERIALS 116, 46) 

(•.u·:~t.RS IN r·~;, ... l\;fHE:-;.tS All-ER iO ST RF.SS TABLE r-.iOTES SEE F.:..GE:S98 THROUGH 101) 

Malena! 

CARRON STEEL !Cun1.1 
E1,...-1•1c F11~.un r.·,,:dt>d P1µe !Striliyht Sr·,mi) !Cont.I 

~Pl 'L 

A'-Ji GR Cl.I 

Sµ.ral Welded Pipe 

A'-0 <'RA 
AS/() GR B 
A570 GR C 
A570 GR D 
AS70 GR E 

A611 (,RA 
A&!ICRB 
A61 J GR C 
A61 l CR D 
A28J GR A 

A283 GR B 
A283 GR C 
A283 GR D 
A285 GR A 
A285 GR B 

A285 GR C 

A570 GR A 
A570 GR B 
A570 GR C 
A570 GR D 

Plates & Sheets 
Sl1eeu 
Sheets 
Sheets 
Sheets 
Sheets 

Sheen 
Sheets 
Sheets 
Sheets 
Plates 

Plates 
Plates 
Plates 
Pl;i.tes 
Plates 

Plates 
Plates (< 1" Thick) 
Plates (> 1• Thickj 

Plates 
Plates 

Pl:ates 
PIJites 
Plates 
Plates 
Plates 

Plates 
Plates 

Forgings & Fittings 
Forgrngs & Fittings 
Forgings & Fittings 
Forgings & Fittings 
Fittings 
F1ttmgs 

Fimngs. 
For gm gs & Fittings 
Forgings A. Fittings 
Forgings & Fittings 

Al'l 'il 
Al'! 'LX 
r\f'l :;,LX 
API .<LX 

API ~LX 
.AiST'.\1 Al Sj 
A'.' r\1 Al :s 
.o\~T\1Al55 

ASTM A 134 
AST\1 AlJ4 
AH.\1Al34 
ASTM Al34 
ASTM A134 

ASTM Al34 
ASTM AIJ4 
ASTM Al34 
ASTM Al 34 
ASTM Al34 

ASTM Al34 
ASTM Al34 
ASTM AIJ4 
ASTM AIJ4 
AST\1 Al34 

ASTM A134 
ASTM A!J9 
ASTM Al39 
ASTM A!J9 
ASTM AJJ9 

ASTM AJJ9 
ASTM A211 
ASTM A211 
ASTM A21 l 
ASTM A21 I 

API 5LS 
AP! 5LS 

ASTM A570 
ASTM A570 
ASTM A570 
ASTM A570 
ASTM A570 

ASTM A61 l 
ASTM A611 
ASTM A61 I 
AST.\! A611 
ASTM A283 

ASTM A28J 
AST!\1 A283 
AST:-.1 A283 
ASTM A285 
AST'.\1 A285 

ASTM A285 
AST\1 A299 
AST\! Ac99 

ASTM A515 
ASH! A515 

ASTM A515 
ASTM A515 
ASTM A516 
ASTM AS16 
ASTM A51& 

ASTM A516 
ASTM A537 

ASTM Al05 
ASTM Al Bl 
ASTM AIBI 
ASTM A234 
ASTM A234 

ASTM A234 
ASTM A350 
ASTM A350 
ASTM A420 

1371 
"P" 
No 

~1'2 

:iPJ 
;p3 

"\PJ 

Gr..ide 

A 
II 
X..\2 
X46 
X52 

X52 

A 
B 
c 
D 

E 

A 
B 

A 
B 
c 
D 
E 

A 
B 
c 
D 
A 

B 
c 
D 
A 
B 

c 

55 
&O 

65 
70 
55 
60 
65 

70 
CL! 

II 
WPA 
WPB 

WPC 
LF-1 
LF-2 
WPL-6 

Class 
Fite tor 

IEI 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.90 
1.00 

0.74 
0.74 
0.74 
0.74 
0.74 

0.74 
0.74 
0.74 
0.74 
0.74 

0.74 
0.74 
0.74 
0.80 
0.80 

0.80 
0.80 
0.80 
0.80 
0.80 

0.80 
0.69 
0.69 
0.69 
0.69 

0.85 
0.85 

0.92 
0.92 
0.92 
0.92 
0.92 

0.92 
0.92 
0.92 
0.92 
0.92 

0.92 
0.92 
0.92 

Tensile 

Strength 
Mtn. PSI 

4h000 
601l00 
601100 
113000 
66000 

72000 
70000 
70000 
70000 

45000 
49000 
5::!000 
55000 
58000 

42000 
45000 
48000 
52000 
45000 

50000 
55000 
60000 
.$5000 
50000 

55000 
48000 
60000 
60000 
60000 

&6000 
45000 
49000 
52000 
55000 

48000 
60000 

45000 
49000 
52000 
55000 
58000 

42000 
45000 
48000 
52000 
45000 

50000 
55000 
60000 
45000 
50000 

55000 
75000 
75000 

55000 
60000 

65000 
70000 
55000 
&0000 
&5000 

70000 
70000 

70000 
60000 
70000 
48000 
60000 

70000 
60000 
70000 
60000 

V1e1d 

Str~ngth 

Min. PSI 

J11t1VlJ 

.;:1.nu 
~:-r1no 

,1,000 
52(100 

52000 
50000 
50000 
50000 

25000 
30000 
33000 
40000 
42000 

25000 
30000 
33000 
40000 
:!4000 

27000 
30000 
33000 
24000 
27000 

30000 
30000 
35000 
4:2000 
46000 

52000 
25000 
30000 
JJOOO 
40000 

30000 
35000 

25000 
30000 
JJOOO 
40000 
42000 

25000 
30000 
33000 
40000 
24000 

27000 
30000 
33000 
2.$0(J0 
27000 

JOOOO 
42000 
40000 

30000 
32000 

35000 
38000 
30000 
32000 
35000 

38000 
50000 

36000 
30000 
36000 
30000 
JSOOO 

40000 
30000 
36000 
32000 

Note-s 

I-, 

1. 2 

'"· 60 
SS. 60 
SB. 60 

58. 60 

5. 34 
5, }4 
>. 34 
5. 34 
5. 34 

5, 35 
5. 34 
5, J4 
5, J4 
5, 34 

5, 34 
5, 34 
5. 34 
34 
34 

34 
34 
34 
34 
34 

34 
5, J4 
5. 34 
5. 34 
5. 34 

58 
58 

2. 5 
2. 5 
2, 5 
2. 5 
2. 5 

2. 5 
2, s 
2, 5 
2, 5 
2. 5, 34 

2. 5, 34 
2. 5, 34 
2. 5, 34 
l. 2 
1, 2 

1, 2 
2, 11 

I. 2, 9 
I. 2. 9 
L 2, 9 
I, 2, lJ 
I, 2, 13 

I, 2, 1J 
1, 2, 9, 70 
2, 9 
2. 13 

~ • .). E.31 3 ,?76 

-49-
126) ~-
Min. Temp. 

Temp. To 100 200 JOO 

-.:u 
- 20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-ID 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-20 
-20 
-20 
-20 

-10 
-20 
-20 

-20 
-20 

-20 
·-20 
-20 
-20 
-20 

-20 
-20 

-20 
-20 
-20 
-20 
-20 

-20 
-50 
-50 
-50 

1 J60(J 
1-r,oo 
l 7000 
17850 
18700 

I ~%00 1.3bll0 
1 /CJ(JQ I -1100 
l lO(JQ l 7000 

1785-0 17850 
18700 18700 

20400 20400 20400 
19BOo 1noo 10500 
21000 21000 20600 
23300 23300 22900 

11050 
12000 
12750 
13500 
14200 

10300 
11000 
11800 
12750 

1111oso 

11

12250 
13500 
14750 
12000 
13350 

14650 
12800 
16000 
16000 
16000 

17600 
10300 
11000 
11900 
12600 

10550 
11450 
121 so 
12850 
13&50 

9850 
10500 
11200 
12150 
I 0550 

11650 
12900 
14000 
11700 
IJJOO 

14650 
12800 
1&000 
16000 
16000 

17600 
10000 
10700 
11500 
12050 

IJ&OO JJ600 
17000 17000 

IJBOO 
15000 
15950 
16800 
17800 

12900 
13800 
14750 
15900 

1113800 

11

15300 
16900 
l 8400 
15000 
16700 

18300 
25000 
25000 

18300 
20000 

21700 
23300 
18300 
20000 
21700 

13300 
23300 

23300 
20000 
23300 
16000 
20000 

23300 
20000 
23300 
20000 

IJ300 
14300 
15200 
16100 
16950 

12400 
13100 
14100 
15200 
13200 

14&00 
16100 
17550 
14600 
1&400 

12800 
13&50 
14500 
15500 
16350 

11900 
1::!550 
13400 
14600 
12550 

1-1000 
15350 
16750 
1..i200 
16000 

18300 17700 
25000 24800 
24400 23700 

18300 17700 
19500 18900 

2] 300 20700 
23100 22500 
18300 17;00 
19500 18900 
21300 20700 

23100 22500 
23300 22900 

21900 
18300 
21900 
16000 
20000 

23300 
18300 
21900 
19500 

21300 
l 77UO 
"!JOO 
JoOOO 
20000 

23300 
17700 
::! 1300 
18900 



Al u•.11~JUM Al LOY 
~.:,,m!e~~ P1p.:s & Tubes 

Structural 

Plates & SheeU 

.\'- r\1 W~JO 

·\~T.\1 H24l 
:\~r\1 H:;!O 
A.sr:-..1 H141 
A!i L\.1 t\210 

,\~T".1 H210 
,\\f\1h241 
·\-,T\I H:!lO 
·\_-.. J \1 H210 
A,)T'.1 H:;10 

1\ST.\1 h241 
AST\1 li210 
A>TM Bc41 
~SHI B210 
AST.\1 8241 

ASTM B210 
ASTM 8210 
ASTM 8210 
ASTM B210 
ASTM 8241 

ASTM B210 
ASTM B241 
ASTM 8241 
ASTM 8210 
ASTM B210 

ASTM B210 
ASTM 11210 
ASTM 8210 
A~TM fi210 
ASTM B241 

ASTM 11210 
ASTM e241 
A.STM 8210 
ASTM 8241 
ASTM 8210 

AST\! Bc41 
ASTM 8210 
ASTM B210 
ASTM B241 
ASTM B210 

AST.\1 B241 

ASTM B221 
ASTM B221 
ASTM B221 
AST'.\1 B22 l 
ASTM 8221 

ASTM 8221 
ASTM 8221 
ASTM 6221 
ASTM B221 
ASTM B.221 

ASTM 8221 
ASTM B221 
ASTM B221 
AST,\1 8221 
ASTM 8221 

A.STVI B221 

ASTM 8209 
ASTM B209 
ASTM B209 
ASTM 8209 
ASTM 8209 

ASTM B209 
ASTM P.209 
ASTM B209 
ASTM 8209 
ASTM B2QQ 

ASTM 8209. 
ASTM 8209 
ASTM B209 
ASTM B209 
ASTM B209 

ASTM 8209 
ASTM 8209 
AST\1 8209 
ASTM 8209 
ASTM 8209 

AST.'.1 B209 
ASTM B209 
ASTM B209 
ASTM 8209 
ASTM B209 

At't'tl\iUIJI. A 

TABLE 1 

ALLO.". "<'?.LE ~TRE':SES IN TENSION FOR r.~ATERIALS (16, 461 

,. __ . 'o;cRS '" P;.e f. "TµE ,;, s hEf U< rn_s_r~EST-~L!_ N01,E~~-~U:PA_'.'._~ "-" IH:ou_~ 10~-~ 

l 060 
I 060 
I 060 
I 060 
1060 

}003 
.1003 
JOU} 
JOOJ 
j()()_3 

}003 
JUOJCLAD 
JOOJ \LAD 
J0()3CLAD 
JOOJ ALCLAD 

JOOJ CLAD 
3003 CLAD 
SOSO 
50S2 
5052 

50S3 
SOS3 
50S3 
5086 
5086 

5086 
5154 
SIS4 
S456 
S4S6 

6061 
6061 
6061 
6061 
6061 

6061 
6063 
6063 
6063 
6063 

6063 

1060 
1060 
3003 
3003 
J003 CLAD 

J003 CLAD 
5052 
50S3 
51S4 
5456 

6061 
6061 
6061 
6063 
6063 

6063 

1060 
1060 
1060 
1060 
1100 

1100 
1100 
1100 
3003 
3003 

3003 
}003 
3003 CLAD 
J003 CLAD 
3003 CLAD 

}003 CLAD 
3004 
}004 
3004 
3004 

3004 CLAD 
3004 CLAD 
J004 CLAD 
3004 CLAD 
5050 

Cla'iS 

137J Ti-ns.ila Yield 
··p-· F<tCtor Strength Strength 

Tr.'Tlper "Jo. S;le Range !El Mm. PSI Min. PSI Notes 

HI I 2 
H112 
lil4 

0 
0 
Hl4 
HIS 
Hl12 

Hl 12 
0 
0 
Hl12 
HI 12 

H14 
HIS 
0 
0 
0 

0 
0 
Hll2 
0 
H32 

HJ4 
0 
H34 
0 
0 

21 
21 
21 
21 
21 

21 
21 
21 
21 
21 

21 
21 
21 
21 
21 

21 
21 
21 
22 
22 

25 
25 
2S 
25 
2S 

2S 
22 
22 
25 
25 

T4 23 
T4 23 
T6 23 
T6 23 
V. dded 23 

Welded 
T4 
T6 
T6 
Welded 

23 
23 
23 
23 
23 

Welded 23 

0 
H112 
0 
H112 
0 

H112 
0 
0 
0 
0 

T4 
T6 
Welded 
T4 
T6 

21 
21 
21 
21 
21 

21 
22 
25 
22 
25 

23 
23 
23 
23 
23 

Wt!lded 23 

0 
H112 
H12 
Hl4 
0 

Hll2 
Hl2 
H14 
0 
Hl12 

H12 
H14 
0 
Hll2 
H12 

H14 
0 
Hll2 
H32 
H34 

0 
H112 
H32 
H34 
0 

21 
21 
21 
21 
21 

21 
21 
21 
21 
21 

21 
21 
21 
21 
21 

21 
22 
22 
22 
22 

22 
22 
22 
22 
21 

U.01 0"-0.5(H}'' 

All 
0 UIU"-0.SOO" 
All 
O.OJ0"-0.500" 

O.OJ0"-0.500" 
All 
0.01 O" -0.SOO" 
0.010"-0.SOO" 
O.OS0"-0.500" 

AU 
O.OI0"-0.500" 
All 
0.050"-0.500" 
AU 

0.010"--0.SOO" 
0.010"-0.500" 

0.018"-0.450" 
All 

Up chru 5.000" 
Up thru 5.000" 

0.018"-0.450" 
0.018"-0.450" 

Up thru 5.000" 

0.025"-0.500" 
All 
0.02S .. -0.500" 
AU 

0.025"-0.500" 
Up thru l.000" 

All 
AU 
All 
All 

Up thru 5.000" 
All 

All 
All 

Up thru 1.000" 

0.0Sl "-3.000" 
J.001"·3.000" 
0.051"·2.000" 
0.051"·1.000" 
0.051"·3.000" 

2.0· M.xTh 
o.os l ·.2.000· 
0.051"·1.000" 
0.051"-J.OOO" 
2. oo 1".3. ooo· 

0.05 l "·2.000" 
0.051-.i.ooo· 
0.051"·0.499" 
2.001--3.ooo· 
0.051"-0.499" 

0.051-.0.499• 
0.051 "·J.OOO" 
0.250"·3.000" 
0.051 "·2.000" 
0.051"·1.000" 

0.051 "·0.499" 
0.250"·0.499" 
0.05 l "·0.499" 
0.05 l "·0.499" 
0.051 "·3.000" 

8SOO 
H500 
8500 
8500 

12()00 

I 4000 
14000 
20000 
27000 
13000 

14000 
13000 
13000 
13000 
13000 

19000 
26000 
18000 
25000 
25000 

39000 
39000 
39000 
35000 
40000 

44000 
30000 
39000 
41000 
41000 

30000 
26000 
42000 
38000 
24000 

24000 
22000 
33000 
30000 
17000 

17000 

8SOO 
8500 

14000 
14000 
13000 

13000 
25000 
39000 
30000 
41000 

26000 
38000 
24000 
18000 
30000 

17000 

8000 
9000 

11000 
12000 
11000 

12000 
14000 
16000 
14000 
14500 

17000 
20000 
13000 
14500 
16000 

19000 
22000 
23000 
28000 
32000 

21000 
22000 
27000 
31000 
18000 

2500 
2500 
2500 
.:soo 

10000 

sooo 
5000 

17000 
24000 
4500 

5000 
4500 
4500 
4500 
4SOO 

16000 
23000 
6000 

10000 
10000 

16000 
16000 
16000 
14000 
28000 

34000 
11000 
29000 
19000 
I 9000 

16000 
16000 
3SOOO 
J5000 

10000 
28000 
25000 

2500 
2500 
5000 
5000 
4500 

4500 
10000 
16000 
11000 
19000 

16000 
35000 

9000 
25000 

2500 
4000 
9000 

10000 
3500 

5000 
11000 
14000 

5000 
6000 

12000 
17000 

4SOO 
6000 

11000 

16000 
8500 
9000 

21000 
25000 

8000 
8500 

20000 
24000 
6000 

43 
43 
I 5, 4J 
15. 4} 

15, 43 

43 
43 
15. 43 
15. 43 
IS, 43 

15, 43 
43 
43 
15, 43 
JS, 43 

15, 43 
15, 43 
43 
43 
43 

43 
43 
15, 43 
43 
15, 43 

IS, 43 
43 
JS. 43 
43 
43 

IS, 43 
15, 43 
15,H 
15, 43 
15. 50 

IS, SO 
15, 43 
15, 43 
15, 43 
15 

IS 

43 
lS, 43 
43 
IS, 43 
43 

15. 43 
43 
43 
43 
43 

lS, 43 
15 43 
IS. 50 
15, 43 
15, 43 

IS 

43 
I l, 15, 43 
15, 43 
IS, 43 
43 

11. 15, 43 
15, 43 
15. 43 
43 
11, 15, 43 

IS, 43 
15, 43 
II, 43 
11, 15, 43 
11,15,43 

11. IS,43 
43 
15, 43 
15. 43 
15, 43 

11, 43 
11, 15, 43 
11, 15, 43 
11,15,43 
43 

!261 Mon. -
Min. Temp, 

Temp. To 100 

-·452 
-452 
-452 
- 4S2 
·-452 

-452 
-452 
-4S2 
-452 
-4S2 

-452 
452 

-452 
-4S2 
-452 

-452 
-452 
-452 
-452 
-452 

-452 
-452 
-452 
-452 
-452 

-4S2 
-452 
-452 
-452 
-452 

1600 
1600 
1600 
1600 
3000 

3300 
3300 
5000 
6700 
3000 

3300 
3000 
JOOO 
3000 
3000 

4SOO 
6100 
4000 
6200 
6200 

10650 
9700 
9700 
9350 

13300 

14650 
7300 
9700 

12700 
10200 

-4S2 10000 
-452 8600 
-452 14000 
-452 12600 
-452 6000 

-452 
-4S2 
-4S2 
-4S2 
-452 

6000 
6650 

11000 
10000 

4250 

-452 4250 

-452 
-452 
-452 
-4S2 
-452 

-452 
-452 
-452 
-4S2 
-452 

-4S2 
-452 
-4S2 
-452 
-4S2 

1600 
1600 
3300 
3300 
3000 

;woo 
6650 
9700 
7300 

12700 

8600 
12600 
6000 
6000 

10000 

-452 4250 

-452 
-452 
-4S2 
-452 
-452 

-4S2 
-452 
-452 
-4S2 
-452 

-452 
-452 
-452 
-4S2 
-452 

-452 
-4S2 
-452 
-4S2 
-452 

-452 
-452 
-452 
-452 
-452 

1600 
2200 
2700 
3000 
2300 

3000 
3500 
4000 
3300 
4000 

4200 
5000 
3000 
3200 
3800 

4500 
5600 
6000 
7000 
8000 

4900 
5200 
6300 
7200 
4000 

-50-

150 200 250 300 350 

16\JO 1600 1400 l::'.00 1000 
1000 1600 14(10 I c!;O I 000 
lbOO lt.00 1400 1200 1000 
1600 1600 1400 1200 If1l)Q 

.3000 }1100 2900 2b00 1 &00 

l300 3300 3200 2400 1~00 
3300 3]00 3200 2400 1800 
svoo 5000 4800 •.Juo J<JOO 
6700 6600 6}00 5300 JSOO 
3000 3000 2900 2400 1800 

3300 3300 3200 2400 1800 
JOOO 3000 2900 2100 1600 

3000 3000 2900 2100 1600 
3000 3000 2700 2100 1600 
3000 3000 2900 2100 1600 

4500 4500 4300 3800 2700 
6100 6000 5600 4800 J l 00 
4000 4000 4000 4000 3350 
6200 6200 6200 5600 4100 
6200 6200 6200 5600 4100 

970011 
9700 
9150 
9900 

10800 
7300 
9700 

1020011 

I 0000 l 0000 9800 9200 
8600 8600 8500 7900 

14000 14000 13400 11300 
12600 12600 12200 10500 

5900 5700 S400 5000 4200 

5900 s 700 
5100 4900 

11000 10500 
I 0000 9800 

4200 4000 

5400 
4600 
9500 
9000 
3800 

5000 
4150 
7000 
6600 
3600 

4200 
3100 

2750 

4200 4000 3800 }600 27SO 

1600 1600 1400 1200 1000 
1600 1600 1400 1200 1000 
3300 3300 3100 2400 1800 
3300 3300 3200 2400 1800 
3000 3000 2950 2200 1950 

3000 JOOO 2950 2200 1950 
6000 5400 46SO 

m~ll 6200 

8600 8600 8SOO 7900 
12600 12600 12200 I 0500 

5900 s 700 5400 5000 4200 

I 0000 9800 9000 6600 

4200 4000 3800 }600 27SO 

1600 
2100 
2700 
3000 
2300 

1600 1400 1200 1000 
1900 1700 1400 I 000 
2600 2300 2000 1800 
3000 2900 2600 1800 
2300 2200 1700 1300 

3000 2800 2500 2200 1600 
3SOO 3500 3200 2800 1900 
4000 4000 3600 2800 1900 
3300 3300 3200 2400 1800 
4000 3900 3800 2400 1800 

4200 4200 3900 3600 3000 
5000 sooo 4800 4300 3000 
3000 3000 2700 2100 1600 
3200 3100 2900 2100 1600 
3800 3800 3400 3200 2700 

4500 4500 4300 3800 2700 
5600 5600 5600 sooo 3800 
6000 6000 6000 5100 3800 
7000 7000 7000 5700 ]800 
8000 8000 8000 s 700 3800 

4900 4900 4900 4500 3400 
5200 5200 5200 4600 3400 
63()(\ 6300 6300 S200 3400 
7200 7200 7200 5200 3400 
4000 4000 4000 4000 }400 



Al Nl£SS STEEL {4) (40) (Cont.) 

ftect11c. Fus•on Wrldr:d Pipe and Tube~ (Cont.) 

T~ f'l" J 1 r. 1'24U A~TM A.\58 
T~ r.,. .J4"." . .\240 A~TM AJ58 
T} pt..· _1.'.!:l A240 A~TM A358 
T~·p.._· .JO'JS A24U A~TM A358 
Typ, 310~ A240 AST.'V1 A358 

f>re 3IOSA240 
T) fl" J~S A240 
T:, l't.. J04 . .\~40 
Typl· Jl& A240 
T~ pl' J4i A240 

T~ pl· J1l .o\240 
T) fl Jfl9S A'.!:40 
T) p< 31 US A240 
T1 re 3105 A240 
T) pc .348 A240 

Type- J04 A240 
Type 316A240 
Type 34i A240 
Type 321 A240 
Typ.._· 309 A240 

Type 3105 A240 
T)pe 310S A240 
T) p~ 348 A240 
18Cr-8Ni Pip~ 
23Cr -l 2Ni Pipe 

:?5Cr-20Ni Pipe 
18Cr-l0Nl-T1 Pipe 
18Cr· 1 ONt-Cb Pip~ 
I fiCr-1 ZN1- :?:'o-1· · Pipe 
18Cr-1 3Ni-.3Mv Pipe 

1 SC.- 1 ONi-Cb Pipe 

Plates and Sheets 
l 6Cr-6N1 
1 XCr-~Ni 
l 8Cr-8Ni 
18CT·8Ni 
18Cr-8Ni 

R0-ION1 
20Cr-10Ni 
13Cr·12Ni 
2JCr-l 2Ni 
25Cr-:?0Ni 

25Cr-20Ni 
25Cr·20Ni 
16Cr-12Na-2Mo 
16Cr-l 2N1·:!Mo 
1 BC::r-l JN1-JM0 

ISCR-IJN,.JMo 
18Cr·IONi·T1 
18Cr-10Ni-Cb 
I BC1-I ONi-Cb 
I8Cr-8Ni 

18Cr-8Ni 
18Cr-8Ni 
18Cr-10Ni 
2JCr· l 2Ni 
2SCr-20Ni 

16Cr-l 2Ni·2Mo 
16Cr-J 2Ni-2Mo 
18Cr-1JNi-JMo 
18Cr-13Ni-3Mo 
18Cr-lONi-T1 

l 8C1- l ONi·Cb 
180-IONi-Cb 
12Cr-AJ 
130 
13Cr 

1' Cr 
17Cr 
18Cr-T .. AI 

ASTM A)SB 
ASTM A.'58 
ASTM AJ.<8 
.~STM A358 
AST\1 A358 

AST\1 A358 
ASTM A358 
ASTM A358 
ASTM A358 
ASTM A358 

ASTM A358 
ASTM A358 
ASTM AJ\8 
AST\1 AJ58 
ASTM A358 

ASTM A358 
ASTM A358 
ASTM AJSB 
ASTM A409 
ASTM A409 

AST'.1 .~409 
ASTM A409 
AST\1 A409 
ASTM A409 
AST\1 A409 

ASTM A409 

ASTM A167 
ASTM A 167 
AST\1 A167 
ASTMA167 
ASTM Al 67 

ASTM Al67 
ASTMAl67 
ASTM A167 
ASTM Al67 
ASTM Al 67 

ASTM A167 
ASTMA167 
ASTM Al 67 
ASTM A167 
ASTM Al67 

ASTM A167 
ASTMA167 
AST\1 A167 
ASTM A167 
ASTM A240 

ASTM A240 
ASTM A240 
ASTM A240 
ASTM A240 
ASTM A240 

ASTM A240 
ASTM A240 
ASTM A240 
ASTM A240 
ASTM A240 

ASTM A240 
ASTM A240 
ASTM A240 
ASTM A240 
ASTM A240 

ASTM A240 
ASTM A240 
ASTM A240 

Forgings and Seamleu Fitt1nvs 
18Cr-8Ni ASTM Al82 
18Cr·8Ni ASTM Al82 
18Cr-8Ni ASTM A182 
2SCr-20Ni ASTM Al82 
25C1·20N1 ASTM Al82 

l6Cr·l2Ni-2Mo 
16Cr-12Ni·2Mo 
J6Cr-12Ni-2Mo 
J 8Cr-1 ONi-Ti 
l 8Cr-1 ONl-T1 

ASTM Al 82 
ASTM A182 
ASTM Al 82 
ASTM Al 82 
ASTM Al Bi 

APPEl\IDIX A 

TABLE 1 

ALLOl'.'ABLE STRESSES IN TENSION FOR MATERIALS 116, 461 
{NL'l\~BERS IN PAAE:NTHES(S REFER TO STRESS 1 ABLE NOTES. Sr[ P.t..GES ga THROUGH 101) 

1371 
'"P" 
No. 

8 
8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
7 
6 
7 

6 

8 
8 
8 
8 

8 
8 
8 
8 
8 

Grade 

JI 6 
J47 
321 
J09S 
3105 

310S 
348 
304 
316 
347 

321 
JU9S 
JlOS 
3105 
J48 

304 
316 
347 
321 
3095 

3105 
3105 
348 
TP304 
TP309 

TP310 
TP321 
TP347 
TP316 
TPJl7 

TP348 

301 
302 
J02B 
304 
304L 

305 
308 
309 
3095 
310 

310 
3105 
316 
316L 
317 

317L 
321 
347 
348 
302 

304 
304L 
305 
3095 
310S 

316 
316L 
317 
317L 
321 

347 
348 
405 
410 
4105 

429 
430 
XM8 

F304 
F304H 
F304L 
F310 
F310 

F316 
FJ16H 
F316L 
F321 
F321H 

Clau 
Fat: tor 

IEI 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 
0.85 
0.90 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 
0.90 

1.00 
1.00 
J.00 
I.OD 
1.00 

1.00 
1.00 
1.00 

0.85 
0.85 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 

Tensile 
S1r~ngth 

Min.PSI 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
75000 
75000 

75000 

75000 
75000 
75000 
75000 
70000 

70000 
75000 
75000 
75000 
75000 

75000 
75000 
75000 
70000 
75000 

75000 
75000 
75000 
75000 
7SUOO 

75000 
70000 
70000 
75000 
75000 

75000 
70000 
75000 
75000 
75000 

75000 
75000 
60000 
65000 
60000 

65000 
65000 
65000 

75000 
75000 
65000 
75000 
75000 

75000 
75000 
65000 
75000 
75000 

Yield 
Strength 
Mm. PSI 

Jl1QC1Q 

j111JfJO 

3111.100 
JOOOO 
JOOOO 

JOOOO 
30000 
30000 
30000 
3UOOO 

30000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

JOOOO 
30000 
JOOOO 
30000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 

30000 
30000 
30000 
30000 
25000 

25000 
30000 
30000 
30000 
30000 

30000 
30000 
30000 
25000 
30000 

30000 
30000 
30000 
30000 
30000 

30000 
5000 

25000 
30000 
30000 

30000 
25000 
30000 
30000 
30000 

30000 
30000 
25000 
30000 
30000 

30000 
30000 
30000 

30000 
30000 
25000 
30000 
30000 

30000 
30000 
25000 
30000 
30000 

Note-

r.b. :rn. ~J. J6 
6J. 20. J6 
fia. 20, J6 
f,b, 28. Jfi. 52 
28. 36. 52 

6. 28. 36. 52 
bJ, 20, 36 
6b, 17. 20. 2J. 36 
6b. 17. 20. 23, 36 
6a.17. 20. 36 

6a, 17. 20, 36 
6b. I 7, 28, 36. 52 
17.28.36,52 
6, 17. 28, 36, 52 
6a, 17, 20. 36 

6b, 20, 23. 36 
6b, 20, 23. 36 
6a, 20, 36 
6a. 20, 36 
64, 28, 36, 52 

28, 36, 52 
6. 28, 36, 52 
6a. 20, J6 
6b, 20. 23. 36 
6b, 28, 36. 41, 52 

6b, 28. 36, 41, 52 
6.a, 20, 36 
6a, 20, 36 
6b, 20. 23. 36 
6b, 20. 23. 36 

6a, 20, 36 

6b. 12. 23 
6b, 12. 20, 23 
6b, 12. 20, 23 
6b, 20, 23. 36 
36 

6b.12, 23 
6b, 23, 36 
6b. 12, 28. 52 
6b, 28, 36. 52 
12, 28, 52 

6, 12, 28, 52 
6b. 28. 36, 52 
6b, 20, 23, 36 
36 
6b, 20. 23, 36 

36 
6 •. 20. 36 
6a, 20. 36 
6a, 20. 36 
6b, 12, 20, 23 

6b, 20. 23. 36 
6 . 6 
6b, 12. 23 
6b, 28. 36, 52 
6b. 28, 36. 52 

6b. 20, 23, 36 
36 
6b, 20. 23. 36 
36 
6a. 20. 35 

6.a, 20, 36 
6•, 20, 36 
28 
28 
28, 31 

28 
28 
28 

9, 20, 23, 32 
9, 23. 32 
9 
9,28,41,52 
6, 9, 28, 41. 52 

9. 20, 23. 32 
9, 23, J2 
9 
6., 9. 20, 32, 36 
9, 32 

1261 
Min. 

Temp. 

--325 
-425 
-325 
-325 
-325 

-325 
-325 
. 425 
-325 
-425 

-325 
·-325 
-325 
-325 
-325 

-425 
-325 
-425 
-325 
-325 

-325 
-325 
-.325 
-425 
-325 

-325 
--325 
-·425 
-325 
-325 

-.325 

-325 
-325 
-325 
-425 
-425 

-325 
~325 

-325 
-325 
-325 

-325 
-J::?S 
-325 
-325 
-325 

-325 
-325 
-425 
-325 
-325 

-425 
-425 
-325 
-3.:?5 
-J.25 

-325 
-325 
-325 
-325 
-325 

-425 
-325 
-20 
-20 
-20 

-20 
-20 
-20 

-425 
-325 
-425 
-425 
-425 

-325 
-J:!S 
-325 
-325 
-325 

~·-.s. BJT 3 1976 
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-Min. -
Temp. 
To 100 200 300 

17000 i ;"or)fl 1-0110 
l iuOO ,· -vOU t ... 1~•0 
l 7000 i ~Ci1)!) 1 /tl:JO 
l 7000 j -~·11)0 : "'UIJ(I 

l 7000 ; -,;0{1 J 7v~10 

l ;ooo 1 ;-:;no 1 7trVO 
17000 I 7000 I 7000 
18000 uuoo t ~oou 
l 8000 1 ."'UOd 1 RL•OO 
1 tiOOO : 800c' IFOOO 

I 8000 
18000 
11000 
18000 
18000 

r ~uoo 
1 ~000 
: .~ooo 
: 1000 
I 8000 

I eOOO 
1.'0UO 
JErJOO 
1i;ooo 
18000 

20000 200(10 2UOUO 
20000 :uuoo 2uOOO 
20000 :uuoo ,_,JOOO 
20000 JC1uuo .:u(1ao 
20000 20000 20000 

1

20000 
20000 
20000 
17000 
17000 

1

17000 
17000 
17000 
17000 
17000 

I 17000 

20000 
20000 
20000 
20000 
16650 

16700 
20000 
20000 
20000 
20000 

20000 
20000 
20000 
16650 
20000 

1

20000 
20000 
20000 
20000 
20000 

20000 
16650 
16700 
~0000 
20000 

20000 
16650 
20000 
20000 
20000 

1
20000 
20000 
16700 
20000 
20000 

20000 
20000 
20000 

20000 
20000 
16650 

1
20000 
20000 

20000 
20000 
16650 

I 20000 
20000 

.?OOOU i0 1JnO 
20000 20000 
20000 20000 
17UOO 17000 
1 iOOO I -:OOO 

17000 I 7000 
17000 l7UOO 
I 7000 1 70»0 
1 iOOO J 70°10 
17000 17000 

17000 17000 

16650 
10000 
20000 
20000 
Ib6JO 

16650 
:oooo 
:oooo 
20000 

:oooo 
:oooo 
20000 
J bb50 
20000 

10000 
lUOOI) 
.!(IOQO 

:ouoo 
20000 

10000 
1 6_ 

2VOOQ 
2UllUO 

:oooo 
166j0 
20000 
20000 
100UO 

!0000 
20000 
15900 
19100 
19100 

19100 
19100 

20000 
zoooo 
16650 
:!0000 
20000 

15000 
20000 
20000 
10000 
16b5U 

J :-n1'0 
20000 
zoroo 
~0000 

zouoo 
20000 
2ooao 
1(>650 
20000 

20000 
.-.(1Ll00 
21JU00 
20000 
.!0000 

20000 
J bO.> 

20000 
I t>h50 
1Pd00 
20000 
20U00 

10000 
20000 
15400 
16400 
18400 

18400 
18400 

:0000 
2ll000 
16630 
2aooo 
!0000 

10000 JJ)OfJO 

!OOOO 2ouoo 
16650 J tib50 
20000 !0000 
!0000 2000o 
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STAINLESS STEEL BUTT-WELDii'G FITTINGS 

FOREWORD 

ANSI B 16.9 is the American Standard for 
steel but-welding fittings and although not so 
stated, it is implied that its scope deals primarily 
with the schedules of wall thicknessc:s which are 
common to carbon steel and the grades of alloy 
steel piping that are sekcted for pressure 
and temp~rature considerations. 

The rapid expansion of the process industries 
in the field of chemicals, plastics, textiles, etc. has 
created a demand for a class of pipe referred to as 
stainless piping, using this word in its generic 
sense. This field employs the use of the austenitic 
stainless steels and also nickel and its related alloys. 
This stainless piping is used with resistance to 
corrosion, elimination of product contamination, 
or combination of the two as the principle reason 
for material selection. Pressure is seldom, if ever, 
a critical consideration. 

When pressure is a considerafion referen:e is 
made to ANSI Bl6.9. 

Mechanical strength, resistance to vacuum, 
and economy, are the most usual criteria in the 
selection of pipe thickness in this field for this 
re::i.son, the wall thicknesses employed in the field 
of corrosion resistant pipe are lighter than those in 
common usage with carbon steel piping. 

In 1949 ANSI approved standard B36. l 9 
Stainkss St:::el Pipe in which a schedule of wall 
thickness was established and designated as 
Schedule l OS for sizes 3/4 in. inclusive. Numerous 
companies were also using a wall thickness lighter 

th::i.n Schedule 1 OS for services where contamina
tion rather than corrosion was the prime considera
tion. These lighter wall thicknesses were designated 
Schedule SS and the original l 9SO edition of SP43 
established a series of Schedule SS fittings. The SS 
thicknesses were published in SP-43 and were 
developed in cooperation with representatives of 
the various principal chemical companies and 
processing industries. In 19 S 2 the Stainless S tee 1 
Pipe Standard B36. l 9 was revised to recognize the 
Schedule SS wall thickness pipe as Amaican 
Standard. 

The purpose of this standard is to provide 
industry with a set of dimensional standards for 
butt-welding fittings that can be used with these 
light wall pipes of corrosion resisting materials. 
The center-to-end dimensions of all fittings are 
identical with those in ANSI 816.9 which give 
to industry the advantage of unifom1 design room 
practice and a maximum utilization of existing die 
equipment. The only departure from this is in the 
lap-joint stub end where for purposes of economy 
the face-to-end of the product has been reduced 
for usr witn thin wall piping. 

The advantages of longer center-to-end 
dimensions of the size 3/4 elbows resulted in the 
change in the tables to pennit a gradual change
over, pro.,iding the manufacturers ample time to 
deplek existings stocks, re-tool and replenish 
stocks. 

An MSS_ Standard Practice is intended as a bOJSis for common pract;ce by the rnJnu

facturer, the user, and the general public. The existence of an MSS Standard Prc;ctic~ 

does not in itself preclude the manufacture, sale, or use of products not conforming 

to the Standard Practice. Mandatory conformance is established only by reference in 

a code, specification, sales contract, or public law. 

No part of this docunient may be rep.~oduced in any form, in an electronic re· 
trieva/ system or othenvise, without the pr:or ,vr-!t•en permission of the society. 
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1. SCOPE 

1.1 This standard co\·crs OVL'r:1ll Jirnen
~io11s. tokrances. and markings for \\fought 
sL.1inkss steel hutt-\1,elding fittings. In this 
sL111Jard "wrought'' is used to denote 
fittings made of pipe. tubing. plate. b.ir. 
sl1c1:r. strip or forgings. 

1.2 This standard covers only fittings 
made for use with Scht>dule SS or 1 OS 
pipe as given in ANSI B36.19. except that 
short p<1ttern stub ends suit<1ble for use 
with Schedule 40S <1rc also shown. 

1.3 Annex A. Table A I lists the dimen
sions of stainless steel pipe with w~1ich 
these fittings are i11tei1ded to· be used. 

., PRESSURE RATINGS 

2.1 Fittings produced under this standard 
shall carry the following ratings: (Schedule 
SS piping is not recommended for use at 
temperatures above 400F (200C). 

Temp PSI 

F JOS SS 

JOO 275 225 
150 255 215 
200 240 200 
250 225 190 
300 210 175 
350 195 165 
400 180 150 
450 165 -
500 150 -
550 140 -

600 130 -

650 120 ·-

700 110 -

750 100 -

T L'l11P !3;1 rs 

c lOS 5S 

38 18.9 15 .5 
50 18.3 15.2 

JOO 16.3 13.6 
125 15 .4 12.9 
J 50 14.4 12.0 
175 13.5 I l .4 
200 1 2 .() 10.5 
225 11.6 
250 10.7 
275 9.9 
300 q_3 
3 2'\ 8.7 
350 8.1 
375 7.5 
400 6.8 

2.2 Fabricated Tees L'lllploying intLT~L'L·

tion welds shall be L'On\iUnL'U in this stan
dard and shall be raku <.It 70'/ of tlll'\l' 

ratings. 

2.3 For fittings of same prL·~surL' rating. 
of matching pipe. rd.1..·r to ANSI B 16.9. 

3. SIZE 

The size of the fittings in Tabk\ 1 tlirough 
6 and B 1 through 86. an<l Annex A is 
identified by the L·urresponJing nominal 
pipe size. 

4. \1ARKING 

4.1 Each fitting shall be marked to show 
the following: 

a) Manufacturer's name or trademark 
b) "CR" followed by the matnial 

(identification symbol establislll'u for 
the respective grade in the appro
priate ASTM or AISI spL·cifications). 
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f. FLL:X IS 31&:,L STAllJLE.SS '::JTEE L. Al\lf\JULAR CORRUGATED, 
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2. SERv1rE : HL:l_\Utv\ GA'S~ Vl\CUUM 

3. OPERATtf\JG PRESSUR.E RA!\IGE : ~14.7 P-:-'.3 TO 100 psi~ 

4. OPERAT\t\.lG TEMP. RAt--..JGE": -320°F To /OD.,.F 
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FLE:X .. lf.JC::LD 
B UTT-V..JEl-D ED 
Ai~lr-dULA~~ 

CORRUGATED 
HOSE 

1. Maximum Working Pressure - Maximum pressure hose may be sub· 
jected to during operation. Based on 25% of the Rated Burst Pressure. 

2. Maximum Test Pressure - Maximum pressure hose may be subjected 
to for inspection. Based on 150 % of the Maximum Working Pressure. 

3. Rated Burst Pressure - Pressure at which hose may fail. Burst 
pressures published in this catalog were obtained with the hose at 
70°, installed straight, and subjected to a constantly increasing 
pressure. • 

FLEX-WELD STAINLESS STEEL 
(FWSS) 

Construction 

•size Range 

Rated Burst 
Pressure 

Temperature 

Butt-welded annular corrugated 
metal hose. 

1;4"thru 16" l.D. 

Up to 15,000 PSIG, depending 
on size and terr;perature 

Up to 1500° F.-321 S.ST. 
Up to 1000° F.-316-L S.ST. 
Up to 1000° F.-304-L S.ST. 
Up to 1000° F.-Perma-Hose 

FLEX-WELD CARBON STEEL 
(FWCS) 

Construction 

•size Range 

Rated Burst 
PressLJre 

Temperature 

Butt-welded annular corrugated 
metal hose. 

% " thru 12" l.D. 

Up to 5,20G PSIG, depending 
on s:ze and temperature 

Up to aso· F. 

I 

.. .. ' . ., 
"' °' ., ' ~ \ 
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FLEX-WELD BRONZE 
(FWB) 

Construction 

•Size Range 

Rated Burst 
Pressure 

Temperature 

Butt-welded annular corrugate 
metal hose. 

%" thru 6" l.D. 

Up to 4,200 PSIG, depend:ng 
on size and temperature 

Up to 450° F. 

FLEX-WELD MONEL 
(FWM) 

Construction 

•size Range 

Rated Burst 
Pressure 

Temperature 

Butt-welded annular corrugatec 
metal hose. 

114" thru 10" l.D. 

Up to 9,000 PSIG, depending 
on size and temperature 

Up to aoo· F. 

\ 

• Larger sizes available on application. 
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Light weight Type 321 
and Type 316*. 

O~her grades available 
on aoi::;iication. 

ST/l.INLESS STEEL • LIGHT WEIGHT 
FWSST-30- Unbraided 
FWSST-31- Single Braided 

-_.r,.11 -------·-Tl--.--_r··--.,-, j Mip"~·-~,· .. ,\=-f-"r:id ;.i~:::x:;;:~;r.\\0d'..,g ~~ .. :-i~.:....ri·T;-;tj t=:'a.~edEurst 
. I ... ~ '"':=: ..., tr<?s.s...i:e :! 70'::. F"E-~:: .... ·e ·.; 70= I P1::si:.ure 'Ci 7oc 

";.,.~'~e· 7_,•·,:.', .. _ht N:H.~c .. ·s."e" 1 .r-:-1n'7,e-r---,----. _______ -___ -r.c, _,~ __ 1__ P.S.l.G. ·--,---- _C'_.S l.G __ ------,-£'...S.LG_. __ 
1.0. Product I .-er rt. 0.0. '. mittent S:atic j Sih•er ] --·•er 1 ~1,1.·er I 

'i1:-~es NL:~ber Lbs. l~c!"'es 'FleYing Re-nd 1 Brazed : ~Ve!::ed ~ E~:~::~d ~ 'J:elCed Br~;,:ed , \.\'eiCec 

% ! ~~~ffifT-·1g--1·-r¥f I ~ I ~ -~· an 7~6 l i3~5 lO~g 3500 2300 
l FWSST-30 .35 I 1.35 i 8 I 21/? ·--2--6--t--2-6---;,,--3-6--r---3-6--+-----1----=-.::.. 

1 ! FWSST-31 .52 I 1.41 I 8 2 1,-~ 675 575 , 1000 860 , 2700 2300 
j F\'.'SST·30 .. 44

6
. 
7 

/I 1.67 I 8
8
i}

4 

3 ~~---+--2-0---1---2-0--r--_-"0--+---3-0---+,-c_:__::_=-----11---
l1f4 ; p::ssT-31 __ . 1.73 _ 1, _3 ____ +--_5_5_o __ -+ __ 45_0_-+_s_2_5_-+ __ 6_7_5_-+-_2_20_0 _ __,__1 __ a_o_;;_o 

J FWSST-30 .62 2.00 9% 3 1/, 14 14 24 24 I 
llh I PNSST-31 .94 2.07 9% 3 1,,~ 500 400 I 750 600 2000 1600 

FWSST·30 .76 2.50 10 4 1/2 10 10 20 20 I 
2 FWSST-31 1.16 2.57 10 41/2 450 350 675 525 1800 1400 

I
i PNSST·30 1.50 I 3.22 14 7 10 II 10 20 ' 20 

2 112 FWSST-31 2.07 3.28 14 7 450 . 325 675 i 475 1800 1300 

FWSST-30 1.65 I 3.74 16 8 8 I 8 16 I 16 
3 FWSST-31 2.45 1 3.82 16 8 400 300 600 450 

FWSST-30 1.90 I 4.30 19 9 1k 8 I 8 16 16 
3!h FWSST-31 2.70 4.38 19 9!,~ 375 250 550 375 

FWSST-30 2.20 4.81 24 10,2 I 6 i 6 15 I 15 
4 FV/SST-31 3.10 4.89 24 10': 350 , 225 525 i 325 

FWSST-30 3.00 6.00 26 13 4 4 15 
5 F\NSST-31 4.70 6.13 26 13 250 200 375 

fWSST-30 3.20 6.90 28 14 3 3 
6 FWSST-31 4.90 7 .03 28 14 200 175 

•Type 316 available on application. 

15 
300 

15 
300 

15 
250 

Reier to page 4 for explanation of pressure ratings. For higher pressure requirements, contact FLEX-WELD, INC. 

NOTE: Refer to page 12 for elevated temperature correction factors and live length required for offset or lateral motion. 
For pulsating or shock pressure applications, consult FLEX-WELD en;;ineers. Larger sizes available on application. 

Type 321 
and Type 316•. 

1600 1200 

1500 1000 

1400 950 

1100 800 

1000 700 

LAP-VvELDED STAIHLESS STEEL 
STAINLESS STEEL 

FLWSS-30 - Unbraided 
FLWSS-31 - Single Braided 

IV:aximum ! I 
Nominal 
Hose l.D. I 

Approx. 
Product Weight Per I 

Norrir.al 
Hose 0,0. 

Inc.hes 

r"'.in. C 'L Bend Radius~ 
1ntermi~tent I' Static J 

Working i ~~2ximum Test· Ra'ed Bu, 
Pressure~ ~ Pressure@ Pressure 
:oo· F.S.l.G. • 70- P.S.l.G. : 70· P.S.I.' Inches Number · Ft. lbs. F!e:ing Send · 

FL'NSS-31 .29 1.37 5 i 2- _ 550 825 2200 
FLWSS-30 .17 

1
1 i.21 5 i 

1-------+-------,-----+-----:::---+----:--c:-::---------~-------;--------.----------

FLWSS-30 .27 Ii 1.62 I 6 I 3 11_· ,1 ,1 

FLWSS-31 .50 1.68 ! 6 3 525 785 2100 

FLWSS-30 .35 ,1 1 .93 ' 7 3l/, 1' I '·' 
FLWSS-31 .67 2.00 7 3:,-2 I 475 615 1900 

2 
FLWSS-30 .48 2.50 ' 8 4 I, I I 
FLWSS-31 .88 2.56 ' 8 4 375 560 1500 

FL'NSS·30 I .55 I 3.00 ; 13 6 !' II 1· 

FLWSS-31 1.12 3.06 I 13 6 300 450 1200 

FLWSS-30 .62 3.50 II 14 7 I, I I 
<_;pwd.~·::~t=~~!:::::===:!:====F~l~~.'~~:~~-~-~~l=====l=:==~l~.4~2~=--1--o..,;;:3~.5~6;:._~~~1~4;.,..,,~4-....:.7~~+-~~2~5~0;;....,-!-l~...;;:3~7~5~==.f,1~1~0~0~0;,,,,, 

FL'NSS-30 1.10 4.75 I 15 7:;_ I I I 
4 FL\\ISS-31 2.20 4.81 ! 15 7:_12 185 275 

6 
FLWSS-30 I 1.80 6.92 1' 19 9 I I I 
FLWSS-31 3.50 6.98 19 9 135 200 

•Type 316 available on application 

Refer to page 4 for ,.. '(p!ar.a~ion of pressure ratings. For !"'.ig;i-·er p,.essure requiremen~s. ca~tact FLEX-\\'ELD, I NC. 

NOTE: Refer io page 12 for ele;atEod temperature correction fa ·tors and live length required for offset or lateral motion. 
For pu!sat:ng or sf- 1 ock pri::ssurE: applications, consult FLEX·',','Fl_O E:ng;n"=ers. Larger sizes a\.:a; 1able on aj:J;:ilication. 

750 

550 
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?ART ID 
~!LJl,~6ER i•JCH 
1000-

----
0222~64 I 
0222 BI 2.264 I 

I 

0222 D 2.264 I 
0222 E 2.264 I 

I 
I 

0222 G 2.264 I 
0222 J 2.264 ! 
0223 A 2.287 I 
0223 8 2.287 I 
0223 D 2.287 I 
0223 EI 2.287 I 
0223 G 2.287 I 
0223 J 2.287 I 
0223 L 2.287 I 
0231 A 2.375 

0231 sl 2.375 I 

0231 D 2.375 ! 
0231 E I 2.375 I 

0231 G 2.375 I 
0231 J 2.375 I 

i 

0231 L 2.375 I 
0241 A 2.400 I 

0241 BI 2.400 i 
0241 D 2.400 I 
0241 E 2.400 

0241 G 2.400 

0241 J 2.400 

0251 A 2.500 

0251 sl 2.500 

0251 DI 2.50(} 

0251 E 2.500 

0251 GI 2.500 

0251 J 2.500 

0251 L I 2.500 

0252 A 2.500 

02_52 B I 2.500 

0252 D 2.500 

0252 E 2.500 

0252 G 2.500 

I 0252 J 2.500 

0253 A 2.500 

0253 B 2.500 

0253 D 2.500 

0253 E 2.500 

0253 GI 2.500 

0253 J . 2.500 

0253 L i 2.500 

I 

8-16 

EFFEC OD 
TIVE 

!1",,:H AREA 

2. 750 I 4.94 

2.750 4.94 

2.750 4.94 

2.750 I 4.94 

2.750 4.94 

2.750 4.94 

2.790 5.06 

2. 790 I 5.06 

2.790 I 5.06 

2.790 5.06 

2.790 5.06 

2.790 5.06 

2.790 5.06 

3.000 5.67 

3.000 5.67 

3.000 5.67 

3.000 5.67 

3.000 I 5.67 

3.000 I 5.67 

3.000 5.67 

3.080 5.90 

3.080 5.90 

3.080 5.90 

3.080 5.90 

3.080 5.90 

3.080 5.90 

3.000 5.94 

3.000 5.94 

3.000 5.94 

3.QOO 5.94 

3.000 5.94 

3.000 5.94 

3.000 5.94 

3.000 5.94 

3.000 5.94 

3.000 5.94 

3.000 5.94 

3.000 5.9-4 

3.000 5.94 

3.200 6.38 

3.200 6.38 

3.200 6.38 

3.200 6.38 

3.200 6.38 

3.200 6.38 

3.200 6.38 

CORPORATION 

Series 10CO l3ellovvs 
Sizes-·- % " through 48" l.D. 
MANUFACTURED WITH STANDARD TOOLING 

-SB-

321 Stainless Steel (other materials available on request) 

I rE L. -:;:/IJ 6 T/./ rccAJvCl.v· c 

' 
-~ 

OPER·t= 
1000 CYCLES 

ATING ,2 INCHI 41NCH 6 INCH 
.. , 

\ 8 l"'CH 

PRES-~ l ---
SURE A 8 c A B c A B c A B c 

I 51 I 102 I 36 I 1.710 29 18[3.419 I 13 ! 12 I 5.129 I 7 'l I G.838 

I 73 I 146: 63 I 1.425 50 31 2.849 I 22 I 21 I 4.274 I 12 15 I 5.699 
I 

I 130 I 260 i 149 1.069 I 117 74 I 2. 137 I 52 i 49 I 3.206 I 29 37 4.274 

I 203 I 406 I 292 .855 I 229 I 146 
I 

1. 710 1102 1 97 2.564 57 73 I 3.419 

I 293 I 586: 504 . 712 396 252 1.425 i 17"6 1168 2.137 I 99 126 2.849 

457 ! 914 l 985 .570 774 492 1.140 f 344 328 1. 710 I 194 246 2.279 

I 47 I 94 I 58 1.041 46 29 2.081 20 19 3.122 I 12 14 I 4.162 

68 I 136 I 101 .867 I 80 5011. 734 35 33 I 2.601 I 20 I 25 I 3.466 

I 121 242 I 240 .650 189 120 1.301 1 841 80 1.951 47 60 2.602 

I 190 I 380 I 469 .520 369 234 -1.041 I 164 I 155. I 1.561 92 117 I 2.081 

273 5461 811 .433 546 405 I .867 ! 283 1210 I 1.300 159 ! 202 1. 734 

427 854 ! 1584 .347 I 854 792 .694 i 553 528 I 1.041 311 396 I 1.387 

615 I 1230 i 2737 .289 1230 1368 .578 956 I 912 .867 I 538 I 684 1.156 

31 621 27 1.860 22 13 3.720 10 I 9 I 5.580 5 6 7.440 I 

44 I 881 48 1.549 38 24 3.099 I 17 16 I 4.648 9 12 6.198 

I 79 I 158 I 114 1.162 90 I 57 2.325 I 40 38 I 3.487 I 22 28 4.650 

I 123 246 / 223 .930 176 111 1.860 I 78 74 I 2.790 I 44 I 55 I 3.720 

t 177 354 I 386 .775 I 304 193 1.550 ! 135 128 I 2.325 I 76 96 3.101 

I 276 ! 552: 755 .620 552 377 1.240 ! 264 251 I 1.860 
I 

148 188 I 2.480 I 

398 796 ! 1304 .517 I 796 652 I 1.033 455 434 ! 1.550 I 
' 

256 ! 326 2.067 

26 521 24 1.992 19 12 3.984 91 8 5.977 I 5 I 6 i 7.969 

I 37 74 j 42 1.661 I 33 21 13.322 15 14 I 4.982 8 10 6.643 

I 66 122 I 100 1.245 I 79 50 2.491 I 35 33 I 3.736 I 20 25 I 4.981 

104 208 ! 195 .996 154 97 1.992 68 65 I 2.988 I 38 48 I 3.984 

I 149 298 i 338 .830 2ss I 169 / 1.660 118 112 I 2.490 I 66 I 84 : 3.320 

234 I 468 i 660 .664 I 468: 330 ! 1.328 231 '220 1.992 i 130 I 165 i 2.656 

i 48 96 I 61 1.077 49 30 I 2.154 22 I 20 I 3.231 : 12 15 i 4.308 

I 69 ! 138 I 106 .898 84 53 i 1. 19s I 37: 35 I 2.694 
; 

21 26 I 3.592 

123 246 l 253 .673 199 I 12611.347 I 88 I 84 I 2.020 I 50 ! 63 I 2.693 

192 384 ! 494 .539 384 I 247 1.077 172 f 164 ; 1.616 I 97 123 I 2.154 
I I 

. , 
I I .897 I 290 I I I 213 I ! 276 552 I 853 .449 I 552 426 284 I 1.346 I 168 1. 795 

I I I I 864 I 833 I .718 : 582: 555 I 1416 I I 432 864 i 1667 .359 I 1.077 327 1.436 

622 1244 I 2081 .299 I 1244I1440 i .598 ·hoo6 1 960 I .898 ! 566 720 I 1.197 

48 96 I 51 1.300 I 40 25 ! 2.599 18 i 17 3.899 
; 

10 I 12 5.198 I 

I 69 139 I 88 I 1.083 I 69 44 i2.166 31 29 I 3.250 ! 17 22 4.333 I 

123 246 i 209 .813 165 104 1.625 73 69 2.438 I 41 52 3.251 

192 384 1 409 .650 322 204 I 1.300 143 I 135 1.949 I 80 102 i 2.599 

i 276 I 552 1 707 .542 552 353 1.083 247 235 I 1.62!> 139 176 I 2.166 

432 864 I 1381 .433 864 690 .867 482 460 I 1.300 271 345 1.734 

24 ~8 I 4 2.015 19 12 4.030 9 8 6.045 5 6 8.061 

35 ~o I '2 1.679 33 21 3.358 15 14 5.037 8 10 6.716 

63 H6 I 1 0 1.260 I 79 50 2.520 35 33 3.779 20 25 5.039 

98 1 ~6 I 1' 5 I 1.008 154 97 2.015 68 65 3.023 38 48 4.030 

I 141 I 2 a2 I 3 7 .839 265 168 1.679 118 i 112 I 2.518 66 84 3.358 

220 I 4rn I 65~ .672 51a I 329 1.343 230 219 2.015 130 164 2.687 

I 317 I 6134 i 1140 i .560 I 896 I 570 1.120 398 380 I 1.679 I 224 285 2.239 

! '- ISQUt~M f' f.+t:--SS 4' 1e.Cj 
- Oft:R'ATll\L()- P£t55l111eE" 

L S f'~lN..6- RATF 
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£~..:-\ .... !. LJ ·.:5: 
Allowable uniformly distributed loads are listed for various simple spans, that is, beam on two supports. If 
load is concentrated at center of span, multiply load from table by 0.5 and corresponding denection by 0.8. 

Stress 25,000 #/sg. in. Recommended for use where deflection is not a factor on long spans. 

Deflection 1/240 span - Recommended for use when deflection is a factor. 

c,-..,J 11'. \.I 1~·1""'..:. 
"-' - ,.I' • ' ~·.J·-··-·-

Column loadings ore for allowable axial loads for the unsupported heights listed. If loads ore eccentric, loads 
should be reduced according to standard practice. 

1"""I - .. : . ' . ' r: 1:.' . I •,·,' 

c :. '• ' ,"""\.,. -· .... 

BEAM SPAN UNIFORM DEFLECTION UNIFORM MAX. BEAM SPAN UNIFO?.M DEFLECTION UNI FOR."! MAX. 
OR COLUMN LOAO AT AT LOAD@ MAX. LOADING OR COLUMN LOAO AT AT LOAD~ MAX. LOAOl~G 

U NSUPPORfEO SECTION 25,000 PSI 25,000 PSI DEFLECTION= OF UNSUPPORTED SECTION 25,000 PS I 25,000 PS I DEFLECTION= OF 
HEIGHT NUMBER STRESS STRESS 1/240 SPAN COLUMN HEIGHT NUMBER STRESS STRESS t/24~ sn~ COLUMN 

p 1000 1690 .06 9,600 p 1000 680 .35 490 5,770 
p 1001 22,000 p 1001 1910 .19 18,200 

24" P 1001 C41 38,000 60" P 1001 C41 3820 .19 34,500 
p 1001 3 27,700 p 1001 3 4220 .13 21,500 
P 1004 A 32,400 P 1004 A 5550 .13 27,200 

p 1000 1350 8,900 p 1000 560 .50 340 5,000 
p 1001 3810 21,600 p 1001 1590 .28 16,300 

30" P 1001 C41 37,500 72" P 1001 C41 3180 .28 32,500 
p 1001 3 27,200 p 1001 3 3520 .18 18,200 
P 1004 A 31,800. P 1004 A 4630 .19 24,400 

p 1000 1130 .12 8,650 p 1000 480 .68 250 4,300 
p 1001 3180 .07 21,000 p 1001 1360 .38 1250 14,800 

36" P 1001 C41 37,000 84" P 1001 C41 2720 .38 2500 30,500 
p 1001 3 26,200 p 1001 3 3020 .25 14,400 
P 1004 A 31,400 P 1004 A 3970 .25 21,300 

p 1000 970 .17 7,700 p 1000 420 .88 190 3,850 
p 1001 2720 .10 20,600 p 1001 1190 .50 960 13,000 

42" P 1001 C41 5440 .10 36,500 96" P 1001 C41 2380 .50 1920 28,000 
p 1001 3 25,300 p 1001 3 2640 .33 11,200 
P 1004 A 30,500 P 1004 A 3470 .33 17,800 

p 1000 850 .22 760 6,700 p 1000 340 l.38 120 2,900 
p 1001 2380 .12 20,200 p 1001 950 .78 610 7,700 

48" P 1001 C41 4760 .12 36,000 120" P 1001 C41 1900 .78 1220 22,000 
p 1001 3 24,000 p 1001 3 2110 .51 2060 6,600 
P 1004 A 29,500 P 1004 A 2780 .51 2670 11,000 

Area of Axis 1-t Axis 2·2 

Wt./Ft. Section I s • I s r 

Part No. lbs. Sq. In. In.' ln.1 In. In.• ln.1 In. 

p 1000 l.90 .555 .186 .203 .579 .239 .294 .655 
p 1003 3.35 .975 .325 .261 .577 .799 .400 .905 
p 1001 3.80 l .110 .930 .572 .915 .478 .588 .656 
p 1001 03 5.70 l .665 l.302 .699 .884 1.450 .892 .933 
P 1001 C3 5.70 1.665 1.413 .745 .921 1.521 .788 .956 
P 1001 C41 7.60 2.220 l.860 l .145 .915 2.422 1.490 1.044 
p 1001 3 5.70 l .665 3.132 l .267 1.371 .717 .882 .656 
P 1004 A 6.70 l.950 4.062 1.666 1.443 1.107 l.207 .754 

1- Moment of Inertia s - Sectkn Modu!us ,.., - Radius of Gyration 

R~s1Sicn·:e to S:·p --- 15CC lbs. pe .. bc:r 
Pull Out Srr= ..... -~~:-, -- 2C 1

:': L~s. p~,.. Cc:t 
.v.·~.:r- -"- '.:c;e'. =.:::':::r cf 3 



VA.RIOUS STATIC lOt,D!NG COi-~D!TfCNS 

SAFETY FACTORS 

Loads in the load t;:; bl es have a safety factor of ap
proximately 2.4 based on the tensile or u It i mate 
strength of the steel. This is adequate for many ap
plications. However, certain codes require other safety 
factors and the loads, therefore, must be modified 
accordingly. 

-60-

Check Table 2 for the application or safety factor and 
read the correction factor. Multiply load and deflection 
by the correction factor. This is the new design load 
and deflection. 

TABLE 2 

Maximum 
Safety Stress Correction 
Factor Lbs./Sq. In. APPLICATION Factor 

Displays 
2.4 25,000 , Storog e Racks l.00 

3 20,000 Mezzanines .80 
Structural Supports 
Electrical Supports 

4 15,000 Machine Frames .60 

5 12,000 Mechanical Supports for Pressure Piping .48 

Safety factor as used in this catalog is the ratio of 
the ultimate load or stress at failure to the design 
load or stress. 

EXAMPLE I 

PROBLEM: 
Determine beam size required to carry 900 pounds 
uniform with a 6'-0" span and a safety factor of 3. 

SOLUTION: 
A. Check load - tables for size of members that will 

support 9001: or more on a 6'-0" span and multiply 
by correction factor . 80 (required for a safety factor 
of 3). 

8. P2001 will carry 110011 X .80 = 88011 
(not satisfactory) 

C. P 1101 will carry 123011 X .80 = 98411 
(satisfactory) 

D. Use PllOl, deflection will be .27 X .80 = .22. 

EXAMPLE II 
PROBLEM: 
Determine beam size required to support a 10" steam 
line weighing 7 40 pounds at the center of a 36" span. 

SOLUTION: 
A. Assume a member size of P 1001 and read from load 

chart a uniform load of 318011 
B. Apply concentrated load factor from Table 2: 

318011 x .so = 159011 
C. Apply safety factor correction of .48. 

159011 x .48 = 76311 
D. PlOOl beam will support 763i't which exceeds the 

740 pounds to be put on it. 



LOAD 

• --=> 

/b-
~~N 
~ LISTED 

SECTION 

p 1000 
p 1100 
p 2000 
p 3000 
p 3300 
p 4000 
p 4100 
p 5500 
p 5000 

RECOMMENDED 
LOAD IN LSS.• 

5000 
3500 
2000 
5000 
6000 
2200 
3400 
5000 
4000 

. ;, .... : I 
1 i: ! ·- ;· \,. 

LC...=oO 

' 

~ 
fNO Of 
MEMBER 

Sf CTI ON 
LISTED 

SECTION 

p 1000 
p 1100 
p 2000 
p 3000 
p 3300 
p 4000 
p 4100 
p 5500 
p 5000 

RECOMMENDED 
LOAD IN Las.• 

3500 
25-00 
1500 
3500 
4000 
1700 
2600 
3500 
2000 

•safety factor - 2 112 

SECTION 

p 1000 
p 1100 
p 2000 
p 3000 
p 3300 
p 4000 
p 4100 
p 5500 
p 5000 

cc:.·~·-'.~CT:2t'4S 

-61-

lC.~D 

RECOMMENDED 
LOAD IN LBS.* 

8000 
5500 
3000 
8000 
9000 
3500 
4800 
8000 
5500 

Safety factor = 2V2 based on ultimate strength of for 12 gouge sections (listed as P l 000), one for 
gouge sections (P l l 00), and one for 16 gauge sect 
(P 2000). 

connection. -
Load diagrams indicate up to three design loads, one 

rn~----_·· -----l 
~-~--,-~. Both ends 

p 1065 

'I 
" 

supported. 

--1 
. ,::~"!J.~~_:::_=-"'-._-~~ 

' "-- Both ends 
iJ supported. 

p 1026 

s 
'~ I .... --=-- • I i- - - .- - - - - -

I 

·----~ 
Both ends 
supported. p 1026 

:
0
u + t/111/111 
I 1 ------:::i 

:~r lUJBoth ends 
I I supported. 

: b p 1325 
p 2235 

p 1000 
p 1100 
p 2000 

p 1000 
p 1100 
p 2000 

p 1000 
p 1100 
p 2000 

p 1000 
p 1100 
p 2000 

1000 lbs. 
800 lbs. 
600 lbs. 

(When used in position shown) 

1500# 
1000# 
750# 

1000# 
650# 
500# 

2000 lbs. 
2000 lbs. 
1500 lbs. 

l :I 1oo# 
·I I 

~ 
j~ 

'"' !J 
! 

'i p 1068 

: I --1 
: -J_ ----- -i 
i Both ends 

;

11

1 ~ supported. 

~ p 1346 

i l_iJ_J_r~ 
I~ I 
I ------=I 
: Both ends 
: supported. 

I P 1331 
I p 1332 

p 1000 
p 1100 
p 2000 

p 1000 
p 1100 
p 2000 

I' .! I I I '.--::i:: t-1~ 
l-~---l 

r:l...u L.-'-1 

1
' ~ Both ends 

1'0 
'-' 

I: 

supported. 

1 I P 1458 
p 1579 

2000 lbs. 
1500 lbs. 

900 lbs. 

3000 lbs. 
2000 lbs. 
1500 lbs. 

p 1000 15()( 

PllOO lOOC 
p 2000 100< 
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Stud Anchors (including nut and washer) 

t Regular Kwik-Bolts 
Catalog Description Size 

Thread Min. 
Number Length Embed. 

-
5500004 14-1 SB ~~,, x 1%'' 
5500008 14-214 %" x 214 %" 1 Vs" 
5500012 14-3 * %" x 311 

• 5500026 38-218 %" x 2Ys" 'le" 1%" 
• 5500030 38-234 %" x 2%" 

1 Vs" • 5500034 38-312 %" x 3lf2" -
• 5500038 38-5 * %" x 5'' 
• 5500052 12-234 Yi" x 2%" 
• 5500056 12-334 Yi" x 3%" 11/. II 214" 
• 5500060 12-512 1h" x 5%" 14 

• 5500064 12-7 * 11~" x 7" 
• 5500074 58-312 %" x 31/i" 
• 5500078 58-412 %" x 4V;/' 11/i" 2%" 
• 5500082 58-6 %" x 6" 
• 5500084 58-812 * %,, x 8~~,, 
• 5500096 34-414 %" x 414" 
• 5500100 34-512 %" x 51/i" 
• 5500104 34-7 %" x 711 11/2 " 314" 
• 5500108 34-812 %" x 81/i" 
• 5500112 34-10 * %" x 10" 

5500126 1-6 1" x 6 11 

5500130 1-9 1" x 911 214 11 41h" 
5500134 ·1-12 * 1" x 12" 
5600148 114-9 114''x9" 314'· 51/i" 
5500152 114-12 * 114"x12" 

Qty. per 
Box/Ctn. 

100/900 
100/900 
100/600 
100/600 
100/600 
100/400 
50/300 
50/300 
50/200 
25/150 
25/100 
25/150 
25/150 
25/100 

25175 
20/80 
20180 
10/40 
10/30 
10/30 
5/30 
5/15 
5/15 
5/15 
5/15 

-62-

~- . -= ,,:; . : '-- ;:; I\ ::: - .... ::: ~ ~, ·j -:. '! r ..:,. ,- ~ . = ~· :-. ~ ~ .::' _.. :n- ~ x ~ i a t=: r ~/ s : -
t;,Jil _:~_;3:~st c~~r,):;;ior.. -;- .• .,c ·, ~:-.:.~-=..-.:-n: ~p~;:1i; ~~-=-el 

~'"'e~~2s ;:·i::i·-i:e c.ri ~x~·-=~~-::·y ~::·.:1; )30- anchc-;2-~e 

w!"-,en the H;;ti Kv·;;k-Bolt is ti;r.:sn2c. Stud type Hiiti 
Kuik-Sol!s come compie'.e v:i~h nut c;nd ·-vasher. Boit 
size is hole size. Reduce drilling time, drill strain, 
worker fatigue and bit costs. Sizes other than those 
listed are available on special order for virtually 
any fastening requirement. 

Pullout and Shear Values (pounds)• 
2000 psi 4000 psi 6000 psi 

Pullout Shear Pullout Shear Pullout Shear 

2800 1653 3350 2612 3350 2389 

3580 3792 4800 5419 5400 6266 

9000 8897 12300 10232 15300 11522 
. 

9000 13378 17000 15437 21000 15437 

16000 15195 23500 18466 23600 21009 

18200 27355 27500 34491 35000 36394 

26800 39843 40900 35680 44400 49596 

·@listed 

766G 
"Pipe Hangers" 

·Average Pullout aod Shear Values (lbs. l for maximum embedment of longest anchor shown. (Shear value is given across threaded 
sectoon of bolt.) Maximum working loads should not exceed ',• of the values for a specific anchor size. Actual factor of safety to be 
used depends on the application. For comprehensive independent laboratory pullout and shear data for each anchor size at various 
embedment depths. request Hilti bulletin TR t11 "Summary Report-Kwik-Bolt Testing Program." Holding values were obtained 
using Hilti carbide masonry drill bits. If other drilling systems are used, performance should be verified. Contact your Hilti Field 
Engineer for advice. 

Post Nut Series 
Countersunk Roundhead 

Qty. per 
Size Cat. No. Desc Cat. No. Desc box I cart. 

V4" x 2" 5500176 c 14-2 5500228 R 14·2 100/900 
V4 II X 3" 5500180 c 14-3 5500232 R 14-3 100/900 
1/4 ,, x 4" 5500164 c 14-4 5500235 R 14·4 100/600 
V4" x 511 5500188 c 14-5 5500240 R 14·5 100/600 

3/e !I x 2114 If 5500202 C38-214 5500254 R 38-214 100/600 
=o/'8 II X 311 5500206 c 38-3 5500258 R 38-3 100/400 
:ire II 'J( 411 5500210 c 38-4 5500262 R 38-4 501300 
=¥s"x5" 5500214 c 38-5 5500266 R 38-5 50/300 

Post Nut Series Kwik.-Bolt- also uvailab!e in .3C3 S;ain!ess Steel with 
304 Stairi!ess S1ee! Heads 

Super Kwik-Bolts 
Super Kwik-Bolts, equipped with two sets of double
action spring steel wedges, are available on special 
order. Special order Kwik-Bolts can be produced for 
almost any anchoring requirement. 

Installs with a claw hammer. 7 /32" 
hole accepts large wire and chain 

Catalog No. 
Length 
Head Diameter 
Min. Hole Depth 
Bit Size 

hooks for suspended ceilings and fixtures. 

5500325 

~'e,, 

11/2" 
1/4 ,, 

Stainless Steel 
Catalog 
Number Description Size 

5500005 SS14-158 14" x 1%" 
5500009 SS14-214 14"x2W' 
5500013 SS14-3 ~4" x 3 11 

5500027 SS38-218 %" x 2~~· 
5500031 SS38-234 %" x2%" 
5500035 SS38-312 %" x 3~1z'' 
5500039 SS38-5 1a" x s" 
5500053 SS12-234 Yz" x 2%" 
5500057 SS12-334 Wx3W 
5500061 SS12-512 1h" x 5Yz" 
5500065 ~SS12-7 Yi" x 7" 
5500075 SSSB-312 %" x 3Yz' 
5500079 SS58-412 %" x 4Yz' 
5500083 SSSB-6 1~" x 6" 

~SSSS-812 %" x BYz" 
5500097 SS34-414 %" x 414'' 
5500101 SS34-512 %" x 5Yz" 
5500105 SS34-7 %" x 7" 
5500109 ~SS34-812 %" x BYz" 

~ Available upon soec1al rec1.;est Vfttli 2.3 .... eeks deli11ery 

Bolt: Type 303 Stainless Steel 
Nuts and washers: Type 18-8 Stainless Steel 
Wedges: Type 304 Stainless Steel 
Prices and delivery on types other than Type 303 
Stainless Steel Kwik-Bolt must be quoted on an indi
vidual basis. 



Drop In Anchors 

Note: This step, on the 1-1 to ;'" sizes, 
prevents the plug· from jamming before 
lhe anchor is fully expanded. 

Available in all popular sizes 
Hi I ti Usable Qty. 

Catalog Descrip- Bolt Drill Thread Per 
Number lion Size Bit Dia. Length Box 

5490000 HDI ~'4 1/4" ~la" 7/16" 100 
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Pre-assembled two-piece design eliminates lost 
plugs, assures expans;on even in soft or lightweight 
concrete. 

Corrosion-resistant zinc plating meets or exceeds 
all applicable standards. 

Bottom of hole not required to set anchor since 
internal plug is set from threaded end. Eliminates 
false anchoring and allows either flush or counter
sunk installation. 

Average Pullout & Shear Strength Measurements 

2000 PSI Concrete 4000 PSI Concre!e 6000 PSI Concrete 

Pullout Shear Pullout Shear Pullout Shear 

3174 3970 4942 4225 5650 5900 

3997 5873 6751 6224 10200 9350 

8857 15195 16034 17609 16400 21200 

~.:..:...:..:..:...:..:.-1---.......;-+--+---+----1------r~NOTE: Maximum working loads should not exceed Y4 of the 
1------+-----+---+---+----1-----1' average values Jar a specific anchor size. 

i.;:;......:..;;c.=.=.::.....-1-....:...:..:;_....:...;._+--+---+----l------1 Actual factor of safety to be used depends on the application 
For comprehensive Independent Laboratory Pullout and Shea 
data for each anchor size, request HIL Tl bulletin TR110 "Sum 
mary Report-HIL Tl HDI Concrete Flush Anchors Test Program." 
Holding values were obtained using Hilti carbide masonry drill 
bits. If other drilling systems are used, performance should be 
verified. Contact your HIL Tl Field Engineer for advice. 

5490016 HDI :,9. ~la" V2" 5/a" 50 

5490024 HDI ';2 • 1/2,, 5/i ,, 11/16" 50· .a 

5490032 HDI s3 • 51 ,, 127 I 32" 'l's" 25 78 

5490040 HD! J/4 .. ~4,, 1" 1 JI. " 25 ,a 

Made in US A. (uL' listed 
~ 767G 

~Approved 

· Pipe Hangers .. ~ 

Setting Tools 

TSO for Tor'la (use with TMHK Chisel Holder) 

TESD forTE-17 (or use with TBA-17 in Toma or 

TBA-60 in TE-60) 

Machine Setting I I Manual Setting 

Cat. ~lo. Descriplion for Anchor CaL No. Description 

5454500 TE-SD 6 HOI ~!4 5454504 HSD 6 

5454516 TE-SD 10 HDI :Va 5454520 HSD 10 

545452d TE-SD 12 HDI 1/2 5454528 HSD 12 

5455C56 'TSD 16 HDI 58 545.!5213 HSO 16 

HDI 1-:, 5454540 HSD 20 

p.::.---. --- --:---~-~---~----- L_,.,.,._-"J r - -- - -~:::.c·~ -~;'§-- .. !' - - -.-: · 1 

HSD (Hand Setting Tool) 

Maximum holding power through more uniform 
stress distribution in the surrounding concrete 
achieved by exclusive smooth design. 

Conventional 
undercut 
expansion can 
ca•;se stress 
ccnct:n~r3ti~ns 
in the concre'.;; 
ard C..:.L.;e 

prema!'.lre fa; 1 ur~ 

Special 
expansicn 
pro Yi ::les 
ur.;;.'J,..rri s~res-; 

dis:r;c:_ti:•"; a:1d 
mJ::r;;;~-:...::i 

fric~:c1 a:;1!£iS~ 
w=I: of hvle 



Performance characteristics 
of McCannalok valves 
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PRESSURE/TEMPERATURE RATINGS PER ANSI Bt6.34-19TI . 

VALVE SIZEt 

3 4 6 8 

6.p (PSI) 29 16 7 5 

•F (GPM) 1182 1880 3310 4920 

+V (FPS) 51.4 47.5 36.8 31.5 

6.P (PSI) 29 16 7 5 

"F (GPM) 1007 1600 2820 4180 

+V (FPS) 43.8 40.4 31.4 26.8 

6.p (PSI) 43 23 10 8 

"F (GPM) 931 1450 2550 4020 

+V (FPS) 40.5 36.6 28.4 25.8 

6.p (PSI) 60 33 14 11 

"F (GPM) 798 1267 2200 3425 

+V (FPS) 34.7 32.0 24.5 22.0 

6.P(PSI) 87 48 21 17 

•F (GPM) 663 1052 1860 2950 

+V (FPS) 28.8 26.6 20.7 18.9 

6.P (PSI) 157 88 .40 32 

•F (GPM) 552 882 1580 2490 

+V (FPS) 24.0 22.3 17.6 16.0 

6.P(PSI) 267 154 73 57 

•F (GPM) 376 690 1119 1740 

+v (FPS) 16.3 17.4 12.4 11.2 

6.P(PSI) 455 278 140 105 

•F (GPM) 192 334 616 943 

'+v (FPS) 8.35 8.43 6.85 6.04 

6.P (PSI) 740 .518 287 200 

•F (GPM) 44 80 159 226 

+V (FPS) 1.99 2.02 1.77 1.45 

6.P(PSI) 740 740 350 325 

"F (GPM) 0 0 0 0 

+V (FPS) 0 0 0 0 

~-. ~ ~:~ .. ·:· .::-:"..: .. <:r::; ~ "'<!~·~·' ·:_,:~;~-~~.o:;;;-V...-::·~~..;...;;:.~-;;,:":·:-- . 
. tWhen maldmum working pressure will not exceed 
r: 50 psi, handles may be supplied for_ 10• valves.::: :f-. 
: -Consult factory.·~=:.;,}:c,.,:&.::~Af':.::"'"'?'· 
·"Note: These vaiue:'~er~~~1cU'l~t;;~··for t ··-: 
~unfavorable condition which occurs when the valve • ~itc,' 
~Installed with the ~eat retai!'el'. ~own&trea~~"';j 
~,.•.f- Flow rate (water) at_lndicated pres~1;1_".!!_~rop~~"'~,~~~: 
" + V - Fluid velocity in Schedule 40 pipe at Indicated ·f>·r-_ 

flow rate. · · -- .. .;. ··- - · · 

0 
500 <ii .s 

UJ 
a:: 
::I 
II) 400 
II) 
UJ a:: 
II. 

300 

200 

WEIGHT~.-~ 

Figure No. 3 4 6 8 10 12 14 16 18 20 24 30 

L150 16 28 35 56 96 149 265 

L151 25 33 53 72 121 188 230 360 440 560 985 1775 

L300 16 30 40 55 100 155 

L301 25 37 64 95 144 222 322 430 
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APPENDIX D 

- Suction Header Tests -



APPENDIX D 
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A-Sector Suction Header Operational Tests, 1982 

The 8'' suction header tests initially developed from the need 

to knm·; the peak pressures in the 8" header during full sector 

quenches. The peak pressure values could establish the need to 

utilize the auxiliary tunnel relief valves. These valves had 

~een included in the initial header design to linit the pressure 

rise to 45-60 ?Sig., but it ~~s hoped that ~heir use could be 

avoide~ both from an operational/safety point of view, and the 

ccst to ~abricate and i~stall then. Previous testing at Bl2 had 

sjo~~ t~at ?eak pressures were at levels which would require the 

auxiliary tbnnel relief valves, though some doubt still existed 

because of the physical differences between the Bl2 and the tu~~ 

nel heade!:'. The A2 cryoloop 8"'header was instrumented with 

st~ai~ gage pressure transducers, temperature sensing diodes 
- ' 

and a 2inear ~otion ?Otentioceter to measure the ~ynamic pipe-

no-..rement due to gas flow a::-ld t!:le movement due to temperature. 

Their loca~ions in the A2 cryoloop are shown on Figure 1. ·Note 

that t~e pressure transducers at 21-1 1$ and 28-5 1$ were .in~ 

stalled on the magnet side of the Kautzky relief valve to nonitor 

peak pressures in the magnet cryostats. It is known from Bl2 

testing that the actual cryostat peak pressure is some 15 psi 

above the pressure as measured with the pressure transducers 

ahead of the Kautzky relief valves. Signals from all the trans-

duce~s were routed to an eight channel chart recorder, typical out-

?Ut is shown in Figure 2. 

~he pressure data collected f rorn full sector quenches with 

~agnet currents of 1500, 2250, and 2600 A led to the conclusion 
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that the vertical leg from the tunnel to the A2 relief valve was 

major item limiting flow out of, and increasing the pressures 

in, the tunnel header. The data also indicated that proceeding to 

~000 A full sector quenches would, in all probability, cause header 

press~res to exceed 100 psig design pressure limit. The pressure 

cata ~uench current dependence decided the issue in favor of in-

stalling the 45 ?Sig relief valves. Testing continued with the 

relief valves installed, in full sector quenches of 3000 and 3350 A. 

?rojec~ions £roM the data for these quenches indicated that the 45 

psi tu~~el relief valves would maintain peak header pressures be-

lm; 90 psig at ·~000 A, see Figure 3. 

The 8" l1eader r..otion trar .. sC.ucer full sector quench data Y{a_s 

reviewed for motion along the 200 feet length between expansiori: 

joi~ts in the direction of t~e gas flow. No motion was seen dur-

ing the ?ressure spike in the header on full sector quenches and 

only 1/ 4" of mover.tent ·was detected on an asyrn:metrical one house 

quench. That quench of cells between AlS and A25 tes~ed the 

pressure dro9 across the loop in the 3" header at the feedbox 

region. A pressure drop of greater than 10 psi would have required 

acditional lateral restraint at the feed~ox regions, but no measure-

able pressure drop was detected. 

Tewperature changes of the header during full sector quenches 

were obse.rved to be less than· 50°K. This corresponds to the ex-

tension of each expansion joint by approximately 1.25" well within 

the 2.0" working range, if the three expansion joints in a 400 foot 

section equally share the contraction of the header. This sharing 

of contraction was verified during Kautzky valve "opening verifi-

cation'' tests when Kautzky relief valves were opened allowing cold 
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gas to anter the header. l~asurements of each expansion joint when 

t~e ~eader was cold and when it had warmed showed strokes of 1/4" 

to l/~'' with each expansion joint returning to its ini~ial position 
.J.. 

'T .: .£.. ~ • I 

~,, ..... 1....11.TI - 1/8 II• 

'I'i1e te.-nperature data showed that the header "':ernperature dro?-

?ed below 220°K during the 3350 A full sector quench. The cause 

a stu=k ~autzky relief valve adjacent to the temperature sen-

so::r. This situation is similar to initiating a quick cooldown 

-::::ro-.::g~: -!:he lf s::::-ool relief valve. The header showed minimal nove-

~ent ·- t~is occurrence. 

Conclusions frc~ these initial tests of the 8 11 header indicate 

that auxiliary tunnel relief valves will be required for fu11:pow-

er oparation of the Saver. These valves, set at 50 psig, will 

cause venting into t~e tunnel only for full sector quenches.- The 

~eaders basic design features are adequate and anchors, braces, and 

~rackets will be uniformly sized to allow 100 psig operation. 

As a side note to these recent tests, preliminary cooldown 

tests on the 8" header were performed a year earlier. These 

earlier header tests monitored header movement as the liquid he1ium 

inventory of the A2 magnet string, approximately 700 liters, was 

dumped into t~e heacer through the cooldown valves located at each 

end of the magnet string. The time required to dump was approxi-

mately 35 ninutes. During this time, each bellows was monitored 

visually for motion. The results verified that all bellows share 

pipe contraction in a given section and upon warming return to 

their initial state. Maximum bellows stroking was l~". Another 

part o= this test was to monitor header elevation to see if any 



vertical bowing of the header would occur due to differential 

contraction between the top and bottom of the pipe as first 
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cbserved at Bl2. Bowing was observed at one end of the magnet 

string during the header cooldown. A 40-ft section of header 

lifted 2 in. immediately downstream of the cooldown valve. The 

opposite end of the string did not see this bowing. This is believed 

to be due to more turbulent flow and less stratification of the 

hel~uD in the header. The region where the bowing was observed 

~ad ~o other flow than that from the cooldown valve. This was not 

true at the other cooldown valve region where both the refrigerator 

ret~r~ flow and the ~armed-up helium gas from the other cool-

cc~~ valve passed through the header at this region on its way 

to~ard the compressor station. The magnitude of this bowing ~~s. 

not considered great enough to affect the header as bracket deslgn 

can tolerate higher loading and flex hose vertical clearance 

is approximately 4 in. In addition, the probability of having 

the headers flow null point adjacent to the cooldown region 

should not be a usual occurrence. 

In establishing an operating limit for the 8" header of, 

100 psig, consideration had to be given to the pressure drops in 

various locations under quench conditions as well as the peak 

pressures which generate gas flow. Aided by the A-Sector testing, 

the header was reviewed for operation. Table I lists principal 

elements in the tunnel 8" header installation and conclusions 

drawn from their analysis and review. 



6" flc,;d.-.r [ lcmen t 

I. E~pansion Joint 

JI. Flu Host! Assembly 
a. nra ldcd Flex 

2" ,. ]'' 
b. Spool II.Jn! fold 
c. Relief Valve Dody 

111. 8" SCll 5 Ptpe 
IV. a• Tees & Elbows 

V. Feed Oox Region 
a. Tie Bar 

VI. 

VII. 

VI JI. 

IX. 

x. 

XI. 

XII. 

b. Tie Bar Elbow 
Bnclr.et 

c. Lateral Support 
Structure 

d. Tabs on 8" pipe 
vertical riser 

Double Turn Around Region 
a. Anchor & Support 

Brackcts 

b. 6" Butterfly Valve 
c. Fabricated Manifold 

6" pipe 

AlZ/f47 Celllnq Anchor 

A1Z/F47 Wall Anchor 
F47-l Penetration Anchor 

11 & 49 End Anchor 
Assembly 

EKpanslon Joint r.ulde 
Assembly 

Ptpe Support Assembly 

11.n burn 
\fork in•i 

r~llur~ f're'i~Urr s.ifrty f'rern;rc Con111cnt• 
failure Mode rallurc Effect -----.:-:_~~~-,~~~! ______ r_M_lor_ - - -=-~~ 

Inelastic yield of 
convolutes 

Rupture 

Ruptur!! of a 1 tgnmcnt flex 
Fracture of flange lip 

Rupture 
Rupture 

Yield of the bar 

Deformation of elbow at 
bracket 
Slip of unlstrut nuts 

Bending of tabs 

SI Ip of Header 

Rupture 
Rupture 

Anchor ou 11 out 

Same as VII 

Pipe deformation 

Concrete anchor pull out 

Bending of r.ulde 

Concrete anchor.pullout 

loss of c.vcle 1 lfe 
or l ca ks 

leaks 

lc.1ks 
Leaks 

leal<:s 
Leaks 

Excessive 5troklng 
or exp~nslon joint 
anrl movcmf!nt of 
plpr. .irtJ.1cent lo 
feeckan 
Same as V.a. 

Same .is V. a. 

Loarlinri of Ml.la
cent cicpans 1011 

joints htually 
until tfe h11r con
tacts feed can.~ 

rlas ti ca 11 y de forms 
expa~slon joints. 
Possible leaks 

Dcmdl119 of cooldown 
piping. Possible 
leaks. 
tr.a ks 
Leaks 

Excc~~lvr stroking 
of expMtS Ion joint 
pnssihlr. lraks 
Silme as Vl I 
Excess Ive mot ion on 
expansion joint. 
ross ih le kaks. 

Excessive motion on 
expansion joint. 
Possible 1c.1ks. 

Exi:rssfve motion on 
exp.ins Ion joint. 
Possible leaks. 

21l0 I''• l•1 

1000 p-; fri ,, 1500 
I 5llll p~ lri 
600 ,,~ lq 

121.lf,9 In- lb 
ton111P. on ri~n9e 

ln90 11.~-1 q 

1101\ (IS ICj 

460 pslg 

2011 rs 1 
di rrerent la l 
(6Jli2 lbs) 
306 psi 
dffferentfal 

303 ps I 
di fforr.ntial 
(9280 lbs) 

2234 pslg 

11% pslg 

600 rslq 

460 pslg 

660 pslq 

11\011 pSi'J 

E:xcesslve header 4320 lbs. 
movement & damage to .vertical 
fl ex hoses & any ' :. ·,._ 3040 1 bs 
equfpmcmt underneath,'. hor1z:ontal 
header. ·- - ' 

7 {11it11 no 
~·111lnn 
prntcctlon) 

II 

.., 
3 (with no 
rot.ll lor1 of 
valve body) 
5 

4 

4 

4 

4 

3 (straps 
tightened 
to Yield) 
---
5 

4 

4 
4 

4 

4 

4 

4 

100 ~1sl9 

250 ps lq A 
375 psi'] 
ISO pslg 
100 pslg 

3711 psfg 
158 ps lg 

101 pslg 

117 pslg 

52 ps1 
di fferen-

t fa l 
76 psf 

dffferen-
t1al 

101 psi 
d1fferen-

t lci 1 
270 ps I 
4117 psig 

124 pslg 

172 psig 
117 psl9 

16_5 psig 

35Z psig 

(1080 lbs) 
verttca 1 

(960 lbs) 
horfzonta I 

M~nufacturer states 
120 psl•1 mu. work
lnq pressure 

Torque tran~nitted 
due to al i911111cnt fleK. 

rm fltiSI a 31.J 

PER MSS SPiil fabri
cated welded tee 

Assumes sharing of 
load on both-sides of 
feed can thru tie bar 

Assume~ sharing of 
load between Z anc-
hors & 2 supports 
ror manufacturer. 
Par ANSI 8 31. J 

Supports are nominally 
every 10' or 100 lbs 
of header. z:>o' of 
header 11·ou Id have to 
lift to alt~fn this 
load Ing vcrt lea 11 y. 
llor1zontal loading fs 
nominally the rolling 
friction of rollers 
less than 100 lbs, 

I 
--.J 
0 
I 
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APPENDIX E 

- A-Sector -

1. Quench log. 

2. A-Sector header and single phase pressure data for 
A-Sector quenches other than full sector. 
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APPENDIX F 

QC sheets and weld spec. 



-7'D-

-·-'-~-~-:ct~~~~----- ______ _ LOCAT10AJ 

i 

I 

I 

I 
f. END A rCPC>(' WALL P,;,AC KET 

2. END r'\!J(.i--,Qf<: p, PC l-1Cl.J/\J T 

3. E/\JD JN{:-ICR w11LL S-;--P-A.P 

4. ~ ·1' <6<·l "''<"'"1 p, p;N G 

us 5. f:><1-- lr..JS10'V JC/I\./ T DS 

6. E>< 

Z \-B 

-:iOJ!J T c:; c • .11 oE 
us 
D5 

us 
6. FBA c t-{DCK [3 AR. DS 

9, F5t. L.'AJISTRuT \NALL 

Bi<t\CK£ TS 

10. ·1PBA lJN\S.TRul 

- ID1riG6.NAL BR:~E 

1 I. D' 1 SuPP0!2 \ c..::. D~..:> 
u<::. 

IZ. DI ANCH-OR DS 

13. DI :r4-'' BALL Vr!Ll/E 1 
Go FS1 P-Eue F ASSct1 

l 4-. DT~ G
11 

1SoLAT1uiJ tiALv'G" 

.t- -f> ~ ~ ~ VJ ._)J vv VJ f'J N \'J rJ N - -· - - - = 
r); C(i G' VI \...l' ._s:i C v: • ..... ...: v G' tJ~ L>J - ~1 _J V1 'JJ r-..i I 

, 1 • , 1 1 , , , , 1 , 1 , , 1 1 , 1 r .J 
VI - .b. - r J - \JI - r.J - lJ) - rv - -F'- - - '..>J -

I 

---~·-------~-·~--~ 

~I us 1 (CtJ T"2uL oS -+----+-----<. 

, 5. DT 
1

1 4'' Su ~-1 REL1EF0~t 1 '--1 ___ _ 

I US 
t(o. DTA Ccol DawtJ PJf'11'JG. 05 """Ii_-+-----~ 

I 

17. 4'( $TAC\:::. c..;;, CA.P Pcb 

i I&,, Pr ~CIC SJ Peo~T$ @ 
PE-AJc Tt?A lrotJ REG10tJ 

i-~~~~~~~~~~--~~~o 

I 

! otJ CE-IL/ rl..f <::; 
I 

~ I,, 
~ 

r: 
fT1 
r--c 
> 
:r 
ftl 

~ 
"t) 
l\l 

~ 
0 
-1 
):> 
r 
r 
} 

-I -c 
~ 

r'\ 
:r. 
m 
() 

Ti 
0 r-
.:1 

! • 



f;L E fVJCAJ I 

-· --·· 
. -- -- -·----- -·-· 

l\b1_)JTtotJAL E.LEl"":C;1..1TS 

For<. F-sc=-cTOP--
Tf?..Al\..lS 1-=t'2_ HALL 1Zt:G·1C1AJ 

/. VJALL /fr:Ct+Ol2 .. 

3. wALL STRi\p 

Tl ii TJ 11 T/ TJ T1 TJ 
_p. .!>. f'!.. ./). J>. .A .? ~ 
cc ~ J'1 -.J .J -.1 ..J f)l 

I - 1 I I I I 

v1 ~ t ~ U1 'vJ N - er; 

b. (3 RANCH HEADEK' <:;u11JGS-+.1------+-1 

4 1/ -
51ACK CA-PPED 

I I . Sv epo1~T5 

--80-

l) I 

' 

~ 
~ 

:r: 
r.-, 
r-
c 
J 

-r -rn 
> 
r;j 
fl I 
/\i 
...... 
~ 
(/) 
-J 
~ 
r 
r 
~ 
j 
<) 

(_ 

~ 

~ 
('\ 

i\ 
0 
c: 

Oi _; 
I 

r
r 

"<._ . 

. 
(" 



O INSPECTION/TESTING 

8.1 Fermilab representatives will monitor and inspect the 
installation as it proceeds. Any part of this specifi
cation not being followed will be reported to the Sub
contractor for corrective action. 

8.2 Areas that may require field discussions will be 
addressed immediately by the appropriate.Fermilab 
personnel. 

8.3 The final installation will be pressurized to 5 psig and 
all joints bubble checked for tightness by Fermilab 
personnel. Any leaks discovered> exclusive of existing 
work, will be repaired by the Subcontractor at his 
expense. 

8.4 Any incorrect installation, poor workmanship, equipment 
loss or damage, material loss or damage, will be 
corrected by the Subcontractor at his expense. 

9. ') QUALITY STANDARDS 

9.1 All welding will conform to current ASME Boiler and 
Pressure Vessel Code latest revision and Petroleum 
Refinery Piping ANSIB31.3 latest edition and 
subsequent revisions. 

9.2 Weld procedure shall demonstrate that all details are 
satisfactory for obtaining full penetration for all 
welds. This includes proper purge, proper heat, adequate 
shield gas, proper use of filler material> etc. 

9.3 Welding equipment used in production shall be equivalent 
to that used for qualification as specified in 9.4 below. 

9.4 All welders must be qualified by Fermilab tests. Passing 
these tests is a precondition to any welder performing 
services under this subcontract. The welding qualifi
cation tests specified in subparagraphs 9.4.1 through 
9.4.3 below must be performed at the Fermilab Machine 
Shop under the supervision of welding shop personnel 
who will judge the samples. 

9.4.1 "T" Weld Test 

Weld two plates 4~" long by 2" wjdc by .060" 
thick, made of 304 sLiinlcss stcc1 to form a "T". 
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9.4.2 Lap Weld Test 

Lap weld two plates 4" by 2" by 1/16" along the 
4" length. This weld is to be a fuse weld using 
no welding rod. There should be good root 
penetration with no burn through. 

9.4.3 Tube Butt Weld Test 

Butt weld two 4" diameter, 6" long, . 065" wall 
300 series stainless steel tubes with 100% 
penetration. Tubes to be mounted station~ry 
during welding with axis horizontal. 

9.4.4 Criteria for passing Fermilab weld tests are: 

9.4.4.1 Weld surface convex to slightly concave. 

9.4.4.2 Proper technique. 

9.4.4.3 Proper penetration control. 

9.4.4.4 Proper gas coverage. 

9.4.4.5 Proper heat. 

9.4.4.6 Absolute leak tightness, tested with a 
mass spectrometer leak detector capable of 
detecting a minimum detectable leak of 
2 x 10- 9 std. cc/sec helium as defined in 
American Vacuum Society tentative Standard 
2 .1. 

9.5 Only use austenitic stainless steel wire brushing or 
planishing to condition welds. Do not polish or remove 
surface weld material. 

9.6 Final installation to be internally free of all chips, 
dirt, and weld slag. 
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APPENDIX G 

1. Kautzky Valves: A - Sector Tests 

2. Kautzky Valve replacement procedure 



XIV. -- :+ I .,; ~ \.~· 

The A-Sector Test afforded the opportunity to test a large 

::u~er of -t.he Mark III version of the Kautzky.valve3 under the 

duress of a snall nunber of hish-pressure quenches and true 

"£.ield11 conditions. This testing co~plirnents the tests at ?ITF. 

~~ere a ~ew valves (about 15) h~ve e~d~red nany hundreds of 

~~enches, nostly in t~e shunted du=? resistor rnode, i.e., at 

~o~erately low pressures. The qua~titative result of the fail-

ca":.herec is - . that a ::=.:-:~ III valve has a 1. 2% 

::::-c:-:=.:::.:..it::' o= ::aili::g to clcse, a::te::- ope::inq during a ~·-.lench, 

-'.~. C.- -•.• -.~-•• -•• ·e_- ~·he.-~ --e~"-ires ei'~·.~e~_ i--le~i-~e QT nev~-a"o•m a"-v - --· - ~ w - " -··-' .... _c. '- - - •• .... •• - c:._ 

access ~o t~e tunnel. However, v~:ve irn?rove~ents already rnanu-

=actu:-ee in the Mark IV version o:: the valve, magnet productfon 

i::::?rcve;-;;e::ts which recuce the nu:nber of screws, n";Jts, l:ashers 

a::-ic G-::!. 0 ?ieces b~rped out through the valve· by the rn.agnets 

curinq a quench, anC. ir.1;?roved cont::-ols on the alignment and. 

torque-down procedure on the manifold co?necting the two soool 
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?ie::e valves to the 3° flex hose, should ::::educe this !a11ure prob-· 

ability to about 0. 2%. {See Fig. 1.) 

':'he fact that fla\·lS in both t!le ?-~ark III valve and the ea=ly 

~asnets installed in A-Sector required 13 valve ch~nges finally 

forced us to invent, test, document, and train technicians to 

perform the sensitive ?rocedure of changing a valve under "cold" 

(~0°~) conditions. The procedure is quick, has been mastered by 

a=o~t six people, and declared acequately safe by Accelerator 

_$a::ety personnel. Failure on one front has led to success on a 

dif!erent front.· 



Valve Failure Stati~tics -85-

T~e details of the failur~ statistics are as follows.4 There 

were 146valves in A-Sector ~ounted on the l~ or 2~ relief ~orts 

which C?en during quenches_ above about 1000 amps in current. Each 

valve opened at least 9 times and at most 22 times, for a total of 

1992 valve openi:igs, curing which 2~ helium flowed violently through 

. . , ""h .. .. 1 . r: • r: • l ( . , . . . 
~:ie va ... ve. ..L ... e ... o 1..a nu..1...uer o ... va1 ve .1..al. ures :i..nc_ uc:1.ng tw1.ce 

those •:alves which failec t\·:'ice) \·1as 24. These ::ail\::::-es can be 

tabulated in two_sroups: 

- . 1 . . ' 1 . :ai_ures wnicn are a reacy 

:\o. of ?ail i.:res 

7 

4 

cu::::-eC. fer the next run: 

Cause 

2roke~ stem welds in valve 

Leaks to tunnel through 0-=ing on 
S?ool .. piece l~ valve 

Failures ~1ich will eventually be cured: 

Disc·..lssio:i 

1 

9 

3 

Pop:et ~~properly secured to foot 
• 

Valve cured withou~ replacement by 
torching and "popping" 

Valves removed after failure to 
reset after torching and popping, 
had magnet hardware irnbedced in P?ppet 

These failures warrant so!:ie discussion. The "first one, "broken 

ste!:'l welds ti, was anticipated and already cured at the design and 

fabrication level before the A-Sector tests, but we had to use exist-

ing, obsolete valve actuators. h1hen a stem weld failed, the valve 

failed unsafe_ (closed, will not open during a ·quench). This failure 

·was detected by a sudden increase in the flow from the control pres-

sure bottles 1 (a leak of \·;ar:n helium into the ).JJ system through the 

broken weld.). In the :-1ark IV version currently being asse:nbled, 
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( l.. e, I 

O "'"'IO'P"I) ;:"-·· . 
\;2ld £ail·..:=erJ:: can still occur, but the val·,re , .... .:.11 fail safe 

T~1e sec nd failure :mode, "leaks to t.he tl:.:;.ne 1 thrcugh o-r ing 

o~ the spool piece lj valve" were clearly a result of very hasty 

installation of valves last sWT1r.1er. The le~king joints were found 

to have :-!arm n clar:i?S which were extremely loose, and in all four 

~iec~ !la~s and the Kautzky valve. 7he two Eautzky valves on the 

(lf5, 2fZ - . ~) re.!. .2.ez co:..:1ect to a co~:non nanif old and nust 

~-:: ?l"C?e=ly alis:ied ~e::o::e final torquing o:: -t.:1e .Marmon clar.rps. 

,.....,~-.; - -~ ~ -""'-J,..... -n"" .... c-~·,.; ""'.c --.-o~e,.'---e \·T-~ ,_,_ hP: ...... ,, o-_. e c;:::_Y-e_-=u·_: _, y con-----~ C...:..-'- ••• ~! ••'- C. ....... '- -~'--•.l.,1 ;,:"- '- -'-'- ' -- .l.~I -

t=olleC ~~ ~ a~d F Sectors hereafter. 

Kine vf lve failures to reseat with leaks throug~ the ?O?pet. 

._ .. ~e=e solvec ~i 

torches and "popping" the valves by removing mom~ntarily the con-

"Popping" th~ valve open was intended' to 

flush o-.:t r :novable debris tra??ed between the poppet ··aI?d .~the· 

al~-:li:nu::"l bo -y, if trapped debris was the cause of the valve not 

fully closi g. J:.nother possible cause of a valve failing to. close 

fully \:be:i. old is called the "alignment problem". If the actuator 

sha!t is not conce:ltric with t!'le body seat by an amount between 

about 0.020" and 0.030", the valve will seal well at room te:r:tpera-

ture c~eca· se of the loose fit bet\"leen the polyethylene poppet and 

the steel oot), but will not seat well cold because the loose fit 

has beco:r:teJa tight fit. By torching the aluwinurn body until it is 

a li t-tle a·
1 

ove roo!!'I temperature, and hopefully warming the poppet, 

then "po?p:i.ng" the valve open once gives it a chance to reseat warm. 

Of tht nine failures, at least four were definitely caused by 
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trap?ed debris. This is known because later inspection of the pop-

?e':.s s~:m·:~d clear "foot?rints" of i:-:i.dentifiable objects on tl1e pop-

pet: 6-32 threads or a star washer. At least one was clearly a 

:r.:.isalign .... "":'lent problen: t.he valve reseat.ea suddenly while we were 

tor~hing it, with an audible "crack". The other four instances 

can be attributed to eit~er problen. Two of the poppets had defi-

nite notches on tbe seating surface (but so do most valves which 

co::-1e £::-on :.1'rF af-:er hundreds of cycles, none of which failed 

to =es2at after a suenc~). The other two poppets a?peared quite 

valves £ailed to close torching a~d ?C?ping and 

ware f~rmly wedged between the poppet an~ the body: a piece of G~~Q~ 

a E-3~ sc=e~, an~ a 6-32 nut. This hardware was used prior to mag-

net ~u~0er 528 in the instrumentation lead t.ie-down system. Since 

t~en this hardware has been either riveted, "staked", or $~cu~~d 

'~-~~~ T.~c.~~-~~e ~.·Ol.·. (see ~.~m·O ~~om J c-rson to~ ~urohy a-ted ' -•• _...., ·~- - "'-' .:..- .l1 • c. - "'' -~ -."• I c. 

April 14, 1932). However, most of the magnets in A-Sector have 

By way of contrast, 16 valves of this sane version have en-

dure~ a total 8GOO suenches at MTF without a single failure of this 

kind - failure to resaat after a quench. At MTF, the magnets all 

had serial nurr~ers greater than 528. Both the 1'1TF experience and 

our own data (indicating that as many as eight of the nine failures 

micht be the result of trapped debris) suggest that the failure-to-

close problem will eventually go a~ay in the tunnel. 

~~e most troubling failure occurred only once. A poppet· be-

caue detachea from the actuator foot, failing unsafe (i.e., the 
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valve re~ained closed during several quenches). Post-nortem analysis 

bv :o~ ?eterscn revealed that the snap-ring had not been ?ro?erly set 

i~ the groove of the ?O?pet, came loose, and after being once squashed 

. .... i.n .... o the (its footprint was clearly identifiable) , was flushed 

into the header. The groove in the po?pet.showed no signs of having 

broken a~ay, which led to the conclusion that the snap-ring was never 

.... _ i s ~ - ·· , u·- - ·· - ... -o· · ·. · .. nc ,..:,.L_ ~c..-.J.. ..i.C: .... ~ ~~ U~J....L...,, 

~ic:-ov~--~ oniv bv c~-nce __ ._ -C"'-'- ... -- - ••C::."'- • It was discovered while searching for a 

b=o~en s~e~ weld, a~~ was discovered because the valve failed to open 

~~e~ the control ;ress~=e was removed. We know tha~ it had bean fail-

~ .,... - .... o c ..... -=.., .cc - c:"" "e - - , 
-··:: '- :;:'-·· - - -1o_.\.' -~- wee~s because we had noticed t~at the actu~tor 

c~ t~is valve ~a5 baCly "domed", a result cf the extra hish pressur~s 

.=:::-0::1 the u:-i.relieved ;:-.agent. This :ailu::e ?Dints out the need to'.: ·in.-
.• 

.stall Klb:ons on each valv.e - as planned - to ?rove i::i each quench· 

tha~ every Kautzky valve openad. 

Co:.clusions 

In ?ig. 2, the valve failure rate is plotted as a - .... ... . .r: :rune L..1.0n 0.1. 

u=e ~as declining towards the end of the run. If this decline is 

real, .it would confirm Koepke' s qualitative observation at B-12 that 

~ost of the loose debris in ~agnets is blown out during the first 

ten or so quenches. 

By way of conclusion, let us make a somewhat speculative pro-

jection of the failure rate expected in the next cryogenic run, the 

E-? sector Test. Weld stern failures will not occur, nor will leaks 

through 0-rings to the tunnel. Let us assume that failures to re-

seat because of trapped debris will be reeuced by a factor 6f three 

as a result of ipproved magnets, and that the valve alignment ?roblem 
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is elimi~ated (as we cu=rently believe). The resulting failure 

ra~t..: 

would then be about 4/1992 = 0.2% per valve O?ening, or 2.8% oe~ .. -
full-cell quench. If there are ten full-cell quenches per day, one 

would then expect to ~ave to iervice a Kautzky valve about every 

J: . ~ .... our cays. 

Proced~res For Cha~ging Valves 

Procedures and special tools were invented (see ref. 2) during 

the A-Sector run whicj ?er~!t changing Xautzky valves when the 11 

syste:::'! is at20°K·cr- \·;ar~er a:-id 2 1/2 ;:>sig o= lower. The main 

~azar~s o~ the ?roce~~=e are t~e ~omentary cloud of cold gas emitted 

is O?en a!"ld the ?Ossibility of 

e::-.ptyi:1g the wa::-::71 :iea~e= heli-..:::i into the tun:;el if it is not prqnptly 

cappeC.. The job has ::iee:1 classi;Eiei:i. as an O:JH class 2 job. At -the· 

moment, the job re~ui=es two trained technic!ans· w~o do all the work 

a!"ld two observers \·;ho a:::-e nee~ec for comniunication with the Tevatron 

console by walkie-talkie relay. A valve change takes a.total ~c~~ss 

tiwe of about 1 1/2 hours, but only 20 minutes for the actual chang-

ing procedure. 

References 
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3; "The Kautzky Valve", Fer.nilab Reports, Ju..T'le, 1982. 

4. c. T. Murphy, "Kautzky Valve Problems in Tunnel", bulletins 
no. 1 through 6. 
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INLET 

OUTLET 

Figure 1. Kau~zky valve. 
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KAUTZKY VALVE REPLACEMENT PROCEDURE UNDER CRYOGENIC CONDITIONS 

Necessary Personnel 

The three-man team actually charging the valve must be led by a 
Cryogenic Expert or a Senior Cryogenic Operator who has participated 
in a cold valve change at least once and who is capable bf operating 
a n d r e a d i n g t h e r',e f r i g e r a t o r 1 o c a 1 1 y , a n d i s o n t h e a p p r o v e d 1 ; s t. 
TMe second must be a Cryogenic Operator, Level 2 or higher, who has 
participated in a cold valve change as an observer and is on the 
a~proved list. The third team De~ber can be a novice for whom this 
participation is regarded as a training session. He can lend a hand 
if anything goes wrong. 

The above three-man team must bE accompanied by a safety officer 
fa~iliar with this procedure w~ose responsibilities are to monitor 
cxygen, double-check tnat the required safety apparatus is in use, 
and rescue assistance in the event cf an injury or emergency. He has 
the authority to take charge· of aborting the mission if in his 
judgment an emergency situation has de~eloped. In additicn, there 
should be a fifth person presen~ tc ~aintain communications with the 
Doubler console in MCR by telep~one or walkie-talkie ind who can 
call for additional help if an emergency develops. This person should 
be familiar with, but not expert in, the cryogenic system and 
terminology. 

Neces~ary System Conditions 
The cryogenic team leader must personally verify that the following 
system conditions have been achieved: 

A. Helium Va.lve Change -

1. ihe bypass valve (EVBY) must be put in local control and 
opened 100% . 

. 2. The upstream and downstream 10 system must be brought to 
a pressure of less than 2-1/2 psig and a temperature of 
greater than 20°K. These limits may be changed with the 
approval of the Cryogenic Safety Officer (C.Bonham or his 
designate) as we gain experience. 

3. The suction (header) pressure must be maintained at 2-1/2 
p s i g o r l e s s . S i n c e t h i s p re s s u re c ·a n n o t b e p u t · i n 1 o c a 1 
control, communication with the Doubler console is necessary 
at certain points in the procedure to confirm this pressure. 

4. The supply valve to CHL (EVLH), the upstairs JT (EVJT), and 
the high pressure helium supply valve to the refrigerator 
(MVlOlH) must be closed and put in local control. 

5. The two tunnel JT valves (EVUH, EVDH) must be open and put in 
1oca1 control. 



S. Nitrogen Valve Change -

1. The LN2 supply valve must have been closed for two (2) 
hours and put in local control. (EVUN or EVON.} 

2. The LN2 pressure must be less than 3 P.sig. (PI-21 or 
PI-22.) 

Necessary Safety Equipment 

All persons enterdng the tunnel 1t:ill be equipped with personal 
oxygen monitors a~d escape packs, as usual. 
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The three-man cryogenic team will be equipped with lined leather 
gloves, full face masks of the type with fiberglass chin guards, and 
two layers of arm and check protection (e.g., shirt and light coat, 
both with full arms, of any material). The face masks must be in 
place prior to any anticipated venting of warm or cold gas. The 
lined leather gloves may be removed only when cold gas is not being 
vented into the tunnel. 

~ecessary Briefing 

T h e t h r e e - m a n c r y o g e r. i c t e a m v: i 1 1 " t a i k t h r o u g h " t h e l a t e s t v e r s ; o n 
of the valve changing procedure in the presence of the safety officer 
prior to entering the tunnel, in order to assure that everyone 
involved is somewhat preprogramme~ to do his job without discussion, 
and to clarify each person's role and tasks. 

mhr 
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COL D KAUTZKY VALVE" REPLACEMENT PROCEDU?.E FOR DIPOLES AND !ilTROGEN 

Prep Work: New valve has 15 psig temporary pressure line to actuator 
with ball valve in pressure line 

Man A Man B 

0. 

1. 

2. 

Connect portable bottle to new Kautzky valve. 

Hold old val~e; press in hard. Undo Marmon clamp. 

~ * ..; . 

5. 

J 
Remove old valve (still 
pressurized, still attached to 
flex hose). 
Cap magnet side of old K-valve 
and attach Marmon clamp ( 5 lbs 
force to fight). 
Graso new K-valve and po~ition 
self to insert; check that poppeti 
is open. 

6.* Insert new K-valve to magnet; 
push hard. 

7. 

8. 

9. Thaw new Kautzky with propane 
torch. 

10. Grasp permanent flex hose and 
old valve. 

11.*.Move flex hose to new K-valve. 

Drop clamp, grab plunger· 

Insert plunger into magnet. 

J 
I 
J 

Remove plun·ger. 

Pressurize new K-valve (close 
poppet). Install new Marmon 
clamp. 

Tighten Marmon clamp nut on 
magnet-K interface, 80 in.-lbs 
torque. 

Disconnect permanent flex hose 
from old K-valve. 

~armon clamp flex hose to new 
K-:valve. 

12. Remove copper pressure line Remove temporary pressure line 
from old K-valve and thumb shut. i from new K-valve and valve off. 

i 
13. Insert ~opper line to new K-valveL Threa~ and tighten Swagelock 

nut on copper line to new 
K-valve. 

14 Snoop Swagelock joint just 
installed. 

15. Reduce control pressure to 30 
psig if necessary. 

16. Raise 10 pressure to 10 psi, 
inspect new valve for leaks. 

•During these steps, helium is escaping into the tunnel. 



1. 

2. 

3. 

4. 

5. 

6 . 

7 . 

R ~v .. 4-/l 9 / 8 2 
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COL8 KAUTZKY VALVE REPLACEMENT ?ROCEDURE FOR 10 01\ SPOOL PlECE 

bolt 

:1 . \ 

' 
bolt -----.,j 
20M __,/"' 

Man A 

' \ 
\ 

I 
I ... 

I 

/ 

I 

10 

l l 
\ J 

bolt 

105 - clamp and flange 

' .... __ ,,"~ 
~ ~"""' 

10M 

bolt 

Man B 
Loosen clamp 205 until it can 
rotate (siide on 0-ring). 

Attach new va~ve to portable 
gas bottle. Do not pressurize. 
Attach and pressurize portable 
bottle to. 2~ valve. 

Remove clamp 10M 

Slip wedge· cap onto manifold 
flange 10M. · 

Hold and push 10 valve body 
towards spool. 

Push ~ on underside of manifold 
under 10 valve. 

Pull down on manifold, rotating 
about clamp 205. 

Remove clamp 105. Pick up 
p1'unger. 

Remove Kautzky 10 valve. Insert plunger into spool. 

Clean 0-ring seat on spool I 
piece flange 10S. -Jt 
Insert new K-valve and push hard. Remove plunger. 

8. Pressurize new K-valve with 
portable bas bottle. 

9. Install* new Marmon clamp at 
10S; tighten loosely (seal, but 
can still slide). 

10. Loosen clamp 20M until it slides 
on 0-ring (if necessary for 
realignment). 

11. Remove wedge cap from 10M. 

12. Install* Marmon clamp on 10M. 
Tighten clamp loosely. 

(over) 

Push up on manifold to s~al the 
joint at 10M. 

l 



Appendix B 

Man A 

13. Torque all clamps to 80 in.-lbs 
in the following order: 10S, 2is, 
20M, 10M. 

14. Snoop both Swagelock joints just 
installed. 

15. Reduce control pressure to 30 
psig if necessary. 

16. Raise 10 pressure to 10 psig, 
inspect both valves for leaks. 
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Man S 

Reconnect ccp~er pressure lines 
to the two valves. Careful: 
the two copper 1 ines are not 
interchangeable. The copper 
line to the 1~ goes through 
a solenoid valve. 

*The direction in which the protrut ng bolt of the clam~ points is 
import2nt; see Fig. 1. On flanges 0~ and lC~. the b:l~ should be 
on the spool side of the valve (not the aisle side). 
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Fermilab 

February 28, 1983 

TO: J .R. Orr 

FROM: R.W. Fast~ 

SUBJECT: Operation of Sections E & F above 2 kA 

We have reviewed your transmittal of February 25, the "Murphy-Misek Report" and have 
the following comments: 

a) The authors consistently state the the 8" parallel-plate relief 
device at the compressor is set to crack at 12 psig (e.g., page 1). 
If the relief valve in mind is SV-003-H, the cracking pressure 
given in other documents and flow sheets is 6 or 7 psig and never 
12 psig. 

b) There appears to be a significant typographical error on page 13, 
where the probability is given as 1/77, which should probably be 
1/177. 

Aside from these items we find the report to be very thorough and have the following 
recommendations: 

1) We urge that the question of a failed regulator be pursued (page 14). 

2) We are glad for your concern regarding stuck Kautsky valves, but 
we do not feel that we are qualified to recommend a specific scheme 
to determine if the valves are operational. 

3) We question whether the provisions and recommendations of the report 
have been fully implemented in Sectors E and F. Specifically, in 
page 15 it is said that snow protection have been installed, yet 
our on-·site inspection revealed that they had not. We also wonder 
about the various brackets. 

4) We recommend that Appendix A be completed. 

In summary, we feel that we can now recommend that you authorize the operation of 
Sectors E and F to full current, with the above six items corrected and/or imple
mented in the near future. 

RF/tg 
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March 9, 1983 

From: 

Ron Fast _,..,.., ;ff) 
Rich Orr,;;::/?$-___-

·To: 

Subject: OPERATION OF E AND F SECTORS ABOVE 2kA (THE "MURPHY-MISEK 
REPORT ... - YOUR MEMO OF FEBRUARY 28, 1983) 

Following is our response to the questions/comments posed in your 
memo of February 28, 1983: 

a) The valves referenced in the "Murphy-Misek Report" are 
SV-400-H and SV-403-H which are set at 12 psig. 

b) A revised page 13 is attached on which "l/77 11 has been corrected 
to "l/177.n 

1) The regulator which supplies control pressure gas to the Kautzky 
relief valves is a Victor Model VTS-4508. The only failure mode 
conceivable is the deterioration of the elastomer seals in the 
two stages of regulation. The worst-case situation would be 
both seals vanishing simultaneously; this is highly improbable. 
Slow deterioration of one or both seals is, however, a more 
likely occurrence; this would be discernible since there would be 
a decreasing ability to regulate to any pressure. 

A test was performed to confirm the ability of 50-psig relief 
valves to handle the gas flow from a failed regulator. A spare 
control gas panel was connected to a high-pressure helium bottle 
as is typical in a normal installation. Since the Kautzky relief 
valves and copper lines would not significantly affect the test, 
they were excluded from the setup. The regulator was then failed 
intentionally by the removal of the elastomer seal from both the 
first a·nd second stages of the regulator. The regulator flow was 
then.1imited by metal orifices of the valves. 

The results of the test were as follows: 



Fermi lab 

TO: 

FROM: 

SUBJECT: 

March 23, 1983 

Ron Fast 

R. Orr 

Appendix A, Safety Analysis of the 8 11 Low Pressure 
Helium Header System · 
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Attached are four copies of Appendix A (header calculations) 
to the Safety Analysis of the 8 11 Low Pressure Helium Header 
System paper which was transmitted to you by my memo of Feb
ruary 25, 1983. 

RO/ew 
cc: W. Fowler 

T. Murphy 
J. Misek 
c. :tli\WSk 



To: 

From: 

Subject: 

Fermi lab 

February 259 1983 

Ron Fast , ~~ 

Rich Orr~ 

I-;;;., I 03 oo 
-100-

SAFETY ANALYSIS OF THE 8" LOW-PRESSURE HELIUM HEADER SYSTEM 
FOR THE ENERGY SAVER 

Enclosed are four copies of the subject report as requested in your 
memo of November 19, 1982, (Additional Documentation Needed for Phase 4 
and 5 Approvals). Appendix A, Header Calculations, is not included at 
this time since it is not yet in a completed form. It will be transmitted 
to you by March 4, 1983. 

cc: T. Murphy 
Sector Cryogenic Safety Review Panel Members, w/encl. 
J. Misek 
L. Read 


