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STANDARD SHAPES m

Shapes
Heat exchanger gaskets have complicated partition bar(s). The typical shapes of the gasket are
as illustrated below.







ORDERING GASKETS FROM M&P FOR DIFFICULT APPLICATIONS

COMPANY: PHONE: ()
PLANT LOCATION: FAX: ()
KIND OF EQUIPMENT: 1.D.#:
PROCESS, MAXIMUM TEPMPERATURE: °F DESIGN/TEST PRESSURE: psi
CONTAINED CHEMICAL: DENSITY (Ib/cu ft) HAZARD RATING:
FLANGE TYPE: FACE TYPE:
MATERIAL: SEALING ID: in. SEALING OD: in.
BOLT CIRCLE: in. FACING FINISH: Ra FACING CONDITION:
BOLTING SPECIFICATIONS: SIZE: in.
NO. OF BOLTS OR BOLT AREA: WASHER SPECIFICATIONS:
BOLT LUBRICANT: NUT FACTOR K:
GASKET SPECIFICATIONS (STYLE / TYPE / MATERIAL / SHAPE):
CONFINED OR NONCONFINED: oD: in. ID: in.
THICKNESS: in. DRAWING NO: HOLES, PASSES, ETC.:
PVRC GASKET FACTORS FROM TABLE: Gb = psi a= Gs = psi
ASSEMBLY: NOMINAL BOLT LOAD : lb.  MAXIMUM BOLT LOAD: Ib.
RECOMMENDED BOLT TORQUE : Ft/lb. MAXIMUM BOLT TORQUE: Ft/lbs.

METHOD TO BE USED TO CONTROL BOLT PRELOAD (1) NONE, (lever or hammer wrench, impact wrench)
(2) TORQUE CONTROL, (torque wrench, hydraulic wrench), (3) TENSIONER LOAD CONTROL

(4) DIRECT MEASUREMENT (ultrasonic extensometer, strain gaged bolts, etc.):
GASKET SEATING AREA, UNIT LOAD, Ag: sgin 0.7854 x (OD"~2-1D"2)

GASKET ASSEMBLY SEATING STRESS, Sya: psi. (bolt load/ gasket seating area)
REMARKS: EXPERIENCE WITH THIS JOINT AND OR SIMILAR PROCESSES (gasket, bolting, leakage, cycling, etc.):

FOLLOW UP: HOW MUCH MONEY DID THE GASKET FROM M&P SAVE YOUR COMPANY?

(downtime, cost of installation, longer service, cut product loss):

M&P can save you money and increase your margin of safety!
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MASS LEAK RATE TO VOLUMETRIC LEAK RATE

Since mass leak rates are difficult to visualize, we have calculated Nitrogen and Helium gases, with
equivalents in terms of volumetric leak rates with a 12.75” (324mm) OD sealing contact.

MASS LEAK RATES:
Tc 3 Tight
Tc Standard
NPS joint 10” with a face OD of

mg = milligram  mm = millimeter s =second in = inches

The mass leak rate is calculated on a per millimeter or inch basis of the outside diameter (OD) of the
sealing contact surface.

NITROGEN weight(1)

Tc 3(Tight), Allowable Leak Rate
Leak Rate of the NPS joint 10” (2)

Volumetric Leak Rate (3)
Tc 2(Standard), Allowable Leak Rate

Leak Rate of the NPS joint 10”

Volumetric Leak Rate

HELIUM, weight

Tc 3(Tight), Allowable Leak Rate
Leak Rate of the NPS joint 10”

Volumetric Leak Rate
Tc 2(Standard), Allowable Leak Rate

Leak Rate of the NPS joint 10”

Volumetric Leak Rate

Note: 51.4281 pints (U.S. dry) ina cu ft. cu ft = cubic feet

(1) Weights assume a dry gas at 0° C (32° F) and 760 mm Hg (14.70 pounds/sq inch).

(2) Leak rate of the gasket is calculated by multiplying the leak rate per mm (inch) by the smaller of the
flange face or gasket OD.

(3) To calculate Volumetric Leak Rate:
Divide the leakage in gram/day by the weight of the gas (gram/liter) for liter/day.
Multiply the leakage in cu ft/day X pints in a cu ft (51.4281) for pints/day
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FORCES ACTING ON GASKETED JOINT

APPLY TORQUE

TO THE NUT, GASKET STRESS
THE NUT TURNS, CONTACT PRESSURE
THE BOLT STRETCHES L COMPRESSES GASKET,
CREATING TENSION

IN THE BOLT

CLAMPING THE FLANGE.
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DUE TO LOAD

BOLT LOAD Tensile stress applied to a bolt causing the bolt to stretch (strain) and applying
compressive load on the joint of flange.

FLANGE Arim, edge, or collar for strength for guiding or for attachment to another object of the
the flange.

FLANGE SURFACE Finish that are really peaks and valleys out into the surface to keep the gasket from
FINISH sliding out.

GASKET A deformable material or device that functions as a seal between joint members.
The gasket can be considered as another spring in series with the bolt, nut, washer,
and flange.

GASKET STRESS It is the contact pressure exerted on the gasket by the joint member or flange surface
from the tightened bolts.

HYDROSTATIC The internal pressure of the gas or fluid tends to force the flanges apart. We refer to this
END FORCE as Flange LIFT-OFF.

INTERNAL When the system is pressurized it will tend to blow the gasket out of the joint and/or leak
PRESSURE pass the gasket. It also tends to force the flanges apart.

TIGHTNESS For a gasket, tightness is a measure of its ability to control the leak rate of the joint for
a given load.
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FLANGE ROTATION

b
—| Internal
= Pressure
g Force
CONTACT AREA (b) BEFORE CONTACT AREA (b) AFTER CONTACT AREA (b)
BOLT TIGHTENING BOLT TIGHTENING AT A PRESSURE LOAD

WHAT IS FLANGE ROTATION?

A common problem that is encountered in the pressure vessel and piping world is the phenomenon
called flange rotation. It is usually encountered under bolt tightening with a raised face flange. The outer
edges of a raised face flange are pulled towards each other when the bolts are tightened, and relieved
towards the inside of the vessel or pipe. See illustration.

HOW MUCH FLANGE ROTATION?

Petrochemical engineers who must cope with rotation say that it can greatly increase the difficulties of
sealing a joint. Some even say that rotations as small as .10 degrees can make a tight seal almost
impossible. This is quite a bit stiffer than the preliminary proposed ASME limit of a maximum 0.30 degrees
for integral type flanges or 0.20 degrees for loose type flanges.

FLANGE ROTATION AND THE CODE

Flange rotation is known to be important but there are no simple ways to estimate it. Section VIl of the
ASME Code, Table UA-49.2 Effective Gasket Width acknowledges rotation by introducing an effective
width for a gasket, which is equal to or less than half the width of the gasket or joint-contact-surface
seating width. This allowance leakage assumes that at least half of the gasket will have been unloaded by
rotation. But flanges often rotate more-or-less than this.

EXCESSIVE BOLT LOAD

One of the causes of flange rotation is excessive bolt load. In fact, too much bolt load can rotate raised
face flanges great enough to open a leak path. The threat of rotation, therefore, can place an upper limit
on planned or specific clamping force.

INTERNAL PRESSURE AND/OR THERMAL EXPANSION

Flange rotation can also be caused (or increased) by internal pressure in the system and/or by thermal
expansion. Both effects tend to "inflate" the vessel or pipe, with thinner sections deforming (deflecting)
more than thicker, again tending to rotate the joints.

The main effect of pressure is a tendency to force the flanged components apart. Under pressure, the
flanges tend to separate at the inner edge and approach each other at the outer edge.
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ASSEMBLY GASKET STRESS WORKSHEET

DEFINITION OF GASKET STRESS

Gasket stress is the contact pressure
between the flange and gasket bearing
surface. The definition of stress is the
magnitude of the applied force applied to the
area of the gasket on which the force acts. In
a flange it is created by the applied force
from the tension in the bolts clamping the
flanges.

GASKET CONTACT AREA

SYMBOLS AND UNITS

Go = The smaller of Gasket OD or flange

sealing surface OD [inch]

OD = QOutside diameter of sealing surface,

gasket or flange face [inch]

ID = Inside diameter of sealing surface,
gasket [inch]

N = Width of full gasket contact sealing
used to determine the basic gasket
seating width [inch]

Ag = Full gasket contact area based on the
contact width [in ™ 2]

For initial seating, use the full contact area of
the gasket. When the joint is pressurized, the
PVRC introduces an effective (roughly half)
width [n] that is the same as [b] in the ASME
Code, Section VIl Table 2-5.2 to allow for
flange rotation.

1. Compute the full surface sealing area of
the gasket, Ag [in 2]

Ag = 0.7854*(OD ~2-ID~2) OR

3.14*(Go-N)N Ag = in”~2

HOW TO FIND GASKET STRESS AT
ASSEMBLY (Sya)
SYMBOLS AND UNITS

Sg = The stress on the sealing area of the
gasket [psi]

Sya = The PVRC uses this symbol for the
design assembly seating stress or
joint contact unit seating load. [psi]

Fp = Bolt preload in each bolt at assembly
[Ibs]

FGA = Total nominal clamping force on the

gasket at assembly [Ibs]

Sa = bolt stress at ambient temperature [psi]

K = Nut factor [dimensionless]

D = nominal diameter of bolt [in]

12 = Divide Torque by 12 to convert from
ft-in to ft-Ib

C = 0.08833; conversion Factor, Torque (ft-in
to ft-1bs)

Ar = Root cross-section area of a bolt [in ™ 2]

Ab = Ar* number of bolts, (n)

BOLT LOAD

1. Compute, the nominal bolt preload in each
bolt at assembly (Ibs.). For example, if
preload is specified by torque (T; ft./Ibs.) then

Fp = 12*T/*K*D Ibs

2. Compute, if preload is specified by the
actual total cross-sectional area of bolts at
root of thread or section of least diameter
under stress, (Ar), then multiply Ar by the bolt
stress, Sa.

Fp = Ar*Sa = Ibs

You can convert the final nominal preload to
nominal Torque:

T = K*D*Fp/12 = Ft/lbs
3. Compute the total, nominal clamping force

on the gasket at assembly (FGA; Ibs.), n =
number of bolts. Ab = Ar*number of bolts (n)

FGA = n*Fp = lbs
OR
FGA = Ab*Sa = lbs
GASKET STRESS

4. Compute the initial gasket stress(Sya)
Sya = FGA/Ag = psi

After the assembly, you then calculate the
pressure load on the joint, estimate how
much the pressure load will partially relieve
the joint and compute the net clamping force
on the joint after the system has been
pressurized. For reference, go to the pages
titted PVRC METHOD.
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ASME CODE CALCULATION

Facing Sketch Basic Gasket Seating Width, b,
(Exaggerated) Column | Column i

See Note (1)
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PVRC METHOD

To help improve designs, an ASME Special
Working Group (SWG/BFJ) is working to
implement gasket constants derived from
hundreds of PVRC sponsored gasket tests.
Also, an ASTM task group (3.40.21) is
evaluating the PVRC gasket tightness
performance test as a draft ASTM Standard
Test. The new ASTM standard gasket test will
be designed to elicit the gasket constants
Gb, a and Gs for gasket materials.

(A) GENERAL REQUIREMENTS

(1) In the design of a bolted flange
connection, calculations shall be made for
design conditions including pressure,external
loads and tightness.

(B) DESIGN REQUIREMENTS

(1) Tightness. Tightness is the internal
pressure needed to cause a certain small
leak rate in a joint. Tightness is expressed
through a Tightness Parameter, Tp, (See
NOTE 1). Joints shall be designed to satisfy a
tightness requirement that is established by
the selection of a Tightness Class that is
appropriate for the service conditions. The
minimum required tightness Tpmin
recognizes a maximum permitted leak rate
for the selected class. (a) The Tightness
Class is a value of Tc for use in Formula (1).
Tc shall be selected for the desired tightness
class.

TABLE XX- 6.1
TIGHTNESS CLASSES AND CATEGORIES
Tightness
Category Class Tc
Air,Water (Note 2) 1 0.1
Standard 2 1.0
Tight 3 10.0

NOTE 1: The Tightness Parameter, Tp is a measure of
tightness that has been defined as proportional to
pressure and inversely proportional to the square root of
leak rate. More precisely, Tp is the pressure (in
atmospheres) required to cause a helium leak of 1
mg/sec for a 5-7/8 in. (1 50mm) OD gasket in a joint. The
pressure to cause a leak of 1 mg/sec of helium for that
joint is its tightness. A higher value of Tp means a tighter
joint. Because of the square root, a joint that is 10 times

tighter leaks 100 times less. More specifically:

Tp = (P/p*)(1/Lr) ~05

P is the design pressure, p* is atmospheric pressure
and Lr is the leak rate (mg/sec/mm) for a 150 mm OD
gasket. For design purposes, Lr must be defined in
order to make use of Tp.

NOTE 2: Tightness Class 1 may be considered for non-
critical services such as water and air.

(b) A minimum tightness requirement, Tpmin
shall be satisfied in operation after the
application of pressure P and any external
loads. (Other loads that further diminish the
stress at the gasket during operation may be
taken into account in Formula (7) if
appropriate.) Tomin shall be determined by
Formula (7):

Tpmin= 0.1243(Tc)P (1)

(c) The assembly tightness, Tpa, is a value of
the tightness parameter greater than Tpmin.
Tpa must be achieved by sufficient
compression of the gasket at the time of joint
assembly to assure that Tpmin is achieved in
operation. Accordingly by Formula (2) Tpa
determines the value of the design assembly
seating gasket stress Sya in Formula (6).

Tpa = X TPmin (2)
Tr = Log(Tpa) / Log(TPmin) (3)

X takes the value 1.5 (Sa/Sb) minimum. X >
1.5 may be used to adjust Tr in Formula (3)
so that Sml = Sm2. This requires interaction
and finds the lowest permitted value of Wmo
in most cases. (d) For joints with
compression stops where Ss < Sya, X in
Formula (2) must be adjusted to increase
Wmo in most cases. In this case X is a
constant:

X = (1/TPmin) (Ae(Ss)/Gb) ~ (1/2) (4)




PVRC METHOD

(2) Operating Conditions. The conditions
required to resist the hydrostatic end force of
the design pressure tending to part the joint,
and to maintain on the gasket or joint-contact
surface sufficient compression to assure a
joint that meets the required tightness at the
design conditions. The minimum load is a
function of the design temperature. The
minimum operating gasket stress, Sml, is a
function of the design pressure, the tightness
class (see Table X)(-6.1), the seating gasket
stress Sm2, the assembly stress, the gasket
material, and the gasket contact area, Ag, to
be kept tight under pressure, per Formula (5)
in below, and determines one of the require-
ments for the amount of the bolting Am.

Sm1 = Gs[(Gb/Gs)(Tpa) ~a] ™~ (1/T) (5)

(8) Gasket Assembly. The conditions existing
when the gasket or joint-contact surface is
seated by applying an initial load with the
bolts when assembling the joint, at
atmospheric temperature and pressure. The
minimum initial gasket assembly stress; Sya,
considered to be adequate for proper seating,
is a function of the gasket material, the
design pressure, the tightness class, the
assembly method, and the effective gasket
contact area, Ag, per Formula (6) in below.
Changing Sya effects both Sm1 and Sm2
and as a result the amount of bolting
required will usually be minimized by finding
that value of Sya which makes Sm1 = Sm2.
That value is found through the application of
Formulas (2) and (3) to obtain the optimum
value of Tpa.

Sya = (Gb/Ae)(Tpa) ~a  (6)

NOTES: Ae = Assembly Method Efficiency. The
use of “Ae” provides the means to credit the
uniformity gained from use of the more
sophisticated assembly methods when these
are cost effective. Ae = 1.0 assumes “ideal”
bolt-up such as for hydraulic tensioners and
ultrasonics. Ae = 0.75 assumes manual bolt-up.

(C) Design Gasket Stresses

(1) Seating. The gasket seating stress, Sya is
related to the design operating gasket stress
Sm1 of Formula (1) by means of the seating
design gasket stress Sm2 of Formula (7).

Sm2 = (Sb/Sa)(Sya/1.5) - P Ai/Ag (7)

(D) Required Bolt Load

The bolt loads used in calculating the
required cross-sectional area of bolts shall be
determined as follows: (1) The required bolt
load operating Wmo shall be sufficient to
resist the hydrostatic end force H exerted by
the maximum allowable working pressure on
the area bounded by the diameter gasket
reaction, and, in addition, to maintain on the
gasket or joint-contact surface a
compression load Hp. (This compression
load Hp is based on the design gasket stress,
Smo which is the larger of Sm1 or Sm2 or 2P
and therefore a function of the assembly load
as well as the gasket material, service and
loads and construction. (See NOTE 3.)

Note 3: Tables XX-6.2 give a list of commonly used
gasket material, with suggested values of Gb,a, and Gs
that have been established by test. These values are
suggested only and are not mandatory. Values that are
too low may result in excessive emissions and even
gross leakage at the joint without affecting the safety of
the design.

The required bolt load Wmo is determined by
Formula (8) and (9).

Smo > Sm1 or Sm2 or 2P (8)
Wmo = H + Hp = P(Ai) + Smo(Ag) (9)

The equation for Wmo means that the bolts
are designed for the sum of the pressure
load (also called the hydrostatic end force),
as represented by P(Ai), plus a gasket load
that is sufficient to maintain a seal and
adequate seating.

(E) Flange Design Bolt Load, W

The bolt load used in the design of the flange
shall be the value obtained from formula (10).

W = Ab (Sa) (10)
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PVRC NOTATIONS

ADD:

a = slope of gasket loading line, a gasket
constant associated with seating a gasket
such that the required minimum thghtness
may be achieved

Ae = Assembly efficiency, a factor related to
bolt load and gasket stress variation which
depends on the method of joint assembly.
The “ideal” is 1.0. A good estimate is 0.75 for
manual bolting, 0.85 for calibrated Torque,
0.95 for multipoint hydraulic tensioning and
1.0 if bolt stretch is measured

Ag = Gasket contact area, in ™2 (mm " 2)
based on the contact width,N. Ag = 0.7854 x
(Od"™2-1D"2) or Ag = 3.14 x (Go-N)xN

Ai = Pressurized (hydraulic) area, square
inches (mm ~ 2) en-circled by the effective
diameter, G. Ai = 0.7854 x G ™2

Gb = Gasket constants associated with
seating a gasket such that the required
minimum tightness may be achieved. Gb
represents the pressure on the gaskets, psi
(MPa) and a represents the slope of the Gb
line in relation to the Tp

Go = The smaller of the Gasket OD or
Flange face sealing surface OD

Gs = Gasket constant associated with
maintaining the required minimum tightness
after the application of fluid pressure, psi
(MPa)

n = Effective gasket sealing width. n = b’

N (Ae) = Assembly efficiency, a factor
related to bolt load and gasket stress
variation which depends on the method of
joint assembly

Sm1 = Design gasket stress for the required
operating tightness, psi (MPa) Sm1 =
Gs[Gb/Gs x (Tpa) "~ a] ™ (1/T) or
Gs[AeSya/Gs] ™ (1/T)

Sm2 = Design Gasket Stress related to the
initial seating condition, psi MPa).
Sm2 = [Sya/(1.5Sa/Sb)] - P(Ai/Ag)

Smax = The maximum permitted value of
Sya equal to 110% the maximum gasket
stress in the test that determined the gasket
constants

Smin = The minimum permitted value of
Sm1 equal to 90% the minimum gasket

stress in the test that determined the gasket
constants. Smin is 900 psi for the standard
test procedure

Smo = Design gasket stress, psi (MPa)

Sya = Design assembly seating stress or
joint contact unit seating load, psi (MPa)

Ss = gasket stress associated with the load
needed to initiate contact by a compression
limiting device

Tp = Tightness Parameter expressing the
ratio of pressure to the square root of leak
rate in dimensionless form. It is based on
mass leak rate. Leakage is proportional to
gasket diameter (leak rate per unit diamaeter)
Tp is the pressure (in atmospheres) required
to cause a helium leak rate of 1 mg/sec for a
5.9” (150 mm) OD gasket in a joint.

Tpmin = Minimum required tightness,value of
Tp required to assure satisfactory leakage per-
formance in operation for the specified tight-
ness class. Tpmin. must = 0.1243 x (Tc) x P

Tpa = The tightness achieved at assembly,
value of Tp required to assure that Tpmin is
achieved in operation.

Tec = Tightness class factor. Tc1 represents a
mass leak rate per unit diameter of 0.2
mg/sec-mm, Tc2 represents 0.002 mg/sec-
mm, Tc3 represents 0.0002 mg/sec-mm.

Tr = Tightness ratio, a value greater than 1.0
Tr = Log(Tpa)/Log(Tpmin)
Wmo = Minimum required bolt load, Ib(kg)

X = The ratio Tpa/Tpmin used in equation X
= 77 X takes the value 1.5 minimum, X > 1,5
may be used to adjust Tr so that Sm1 =
Sm2. This requires iteration and finds the
lowest permitted value of Wmo in most
cases. For joints with compression stops X
must be adjusted to increase Wmo if Ss <
Sya, X must be adjusted to increase Wmo

MODIFY:

Am = Total required cross-sectional area of
bolts at root of thread or section of least
diameter under stress, Square inches. Am =
Wmo/Sb

W = Flange design bolt load, Ib(kg)

H = Total hydrostatic end force, Ib(kg) H = P
X Al
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CONVENIENT/FLEXIBLE

The examples are for DESIGN BOLT LOADS using the PVRC convenient and flexible methods.
It is important to remember that these calculations are for designing bolted flange joints. When
you assemble the joint there are additional factors to consider.

PVRC METHODS

CONVENIENT FLEXIBLE
622 Tpmin, psi 622
1.5 X, ratio 9.53
1.063 Tr, logs 1.3515
932 Tpa, psi 5,962
922 Gb, psi 922
0.75 Ae, manual bolt-up 0.75
1,229 Gb/Ae, psi 1,229
0.248 a (slope of Gb) 0.248
5.1 Gs, psi 5.1
6,701 Sya, psi 10,616
3,339 Sm1, psi 1,176
(1,439) Sm2, psi 1,176
3,339 Smo, psi 1,176
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PRELOAD vs TORQUE TABLE

All torque tables should have the following
warning: For general use only: make
experiments of your own to determine the
true values for your application. Why is this?
The torque-tension relationship is influenced
by many factors such as tool accuracy,
elastic interaction, operator skill, bolting
procedure, etc., as well as more obvious
factors such as lubricity and condition of the
threads. In equations, the value, Kis a
convenient catch-all that sums up everything
which affects the torque-tension relationship.
How do you determine K? Obviously, it is a
soft number and to achieve an accurate K
would require experiments on that application
itself. This would be very expensive and time-
consuming. Therefore, some kind of table
can be useful as a guide for selecting a tool
of the appropriate size and estimating torque.

NOMINAL
DIAMETER
OF BOLT
(Inches)

NUMBER
OF
THREADS
(Per Inch)
n

1/4
5/16
3/8
7/16

1/2
9/16
5/8
3/4

7/8
1
1-1/8
1-1/4

1-3/8
1-1/2
1-5/8
1-3/4

1-7/8
2
2-1/4
2-1/2

2-3/4
3

AREA
AT ROOT
OF THREAD
(Sq. Inch)

r

The following table is based on the
assumption that:

1. Alloy steel stud bolts

2. The nut factor (K) is 0.2; bolts and nuts are
used in as-received condition and are neither
cleaned nor lubricated.

CALCULATING TORQUE VALUE

Based on the appendix below, [nut factor =
0.2] the minimum assembly bolt load for a 1”
bolt [Ar = .551] with a calculated bolt stress
of 45,000 psi is 368 ft-Ib.

T(ft-Ib) = Fpx Kx D/12
Fp = bolt load (Ib) calculated by bolt stress[Sa] of
45,000 psi x 0.55[Ar] = 24,795 Ibs
K = 0.2(dimensionless ) D = 1(in.) T(ft-Ib) =
[24,795 Ibs] x [0.2] x [1'] /12 = 368 T(ft-Ib)

NUT FACTOR (K) = O. 2 (DIMENSIONLESS)

STRESS
45,000 PSI

TORQUE COMPRESSION
(ft-Ibs) (Ibs)
Fo T

Research has shown that a non-lubricated bolt has about 50% of the efficiency of a well-lubricated bolt. It has further been found that different
lubricants produce results varying between the limit of 50% and 100% of the tabulated stress figures. Please turn to page 38 for further data.

37




PRELOAD vs TORQUE (lubricants)

How much torque is needed to tighten this
bolt? There is no precise “over-the-phone”
answer. When bolts are tightened they
become stressed in tension. As far as torque
balance is concerned, engineers frequently
say that approximately 90% of the tightening
torque is needed to overcome the friction
between the nut and the joint and the mating
threads. The remaining 10% develops useful
tension in the bolt. Complicated formulas are
structured to describe this relationship
between torque and preload. The short-form
equation is defined as follows:
T(ft-in) = KDF, and T(ft-Ibo) = KDFp/12

WHERE:
T = Applied torque, (Ib.-in, N-mm)

To convert to ft/lbs divide by 12.
K = Nut factor (dimensionless)
F, = Initial applied force, bolt

tensile load (Ib., N)
D = Nominal diameter of the bolt

NUT FACTOR(K): The value, K, is not a
coefficient of friction. Rather, it is a convenient
catch-all constant encompassing the many
factors and features influencing the torque —
tension relationship. However, the most
dominate influence in most cases is the
coefficient of friction.

EFFECT OF LUBRICANT ON TORQUE:
The importance of correctly evaulating K
when establishing a tightening torque is best
illustrated with a real example. As part of an
experimental investigation, A193 B7 7/8”
bolts and nuts were evenly lubricated with a
high-performance lubricant (Fel-Pro C-670)
that resulted in an average K of 0.086. To
reach a measured bolt stress of 50,000 psi
only took 307 Ib-ft of torque. When bolts and
nuts were torqued in as-received condition,
the measured K was 0.170, and required
over twice as much torque 624 Ib-ft to reach
the same bolt stress of 50,000 psi. Tensile
stress area (Ag) is used, rather than A.The

stress in the bolts was measured with strain

(in., mm)
OTHER EQUATIONS:
Fo=Sa x A gages.*
Sa = Fp/Ar

A =.7854 x (D-1.3/n)"2

As = .7854 x (D-0.9743/n)"2

S, = Bolt stress, (psi, MPa)

A = Root diameter area, mandated by
the ASME Code. (in"2, mm™2)

n = Number of threads per inch

A = Tensile stress area (in"2, mm™2)

*Source: Chaaban A., Derenne M., Bouzid A., Schafer W.,
“Evaluation of torque coefficients and gasket stress
distributions in a bolted flanged joint using different types
of lubricants.” 3rd International Symposium on Fluid
Sealing. Biarritz, France. September 16, 1993.

PRELOAD vs. TORQUE
LOAD, Fp (Ibs) (Different Lubricants)
60,000 s
) C670
Pid (molybdenum)
50,000
40,000
30,000
20,000 Lt As Received
7 B = “-.’"/’;'-'3 : “/‘/ " | | et e e
10,000 // pERST None
/_._.‘1;39";// (degreased)
0 | EE—
0 100 200 300 400
TORQUE, T (f/lbs)
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BOLTING UP

PREFACE

Most joints are conservatively designed, or “under challenged” for safety. An overdesigned joint
allows for a wide variation for bolting and assembly in the field where it is difficult to get
accurate bolt loads. However, as we lower our emissions, causing a demand for tighter joints,
the importance of good flange assembly technique will increase in importance.

ELASTIC INTERACTION

It is extremely difficult to achieve a uniform load in all the bolts of a bolted flange connection.
The reason is because of elastic interaction between bolts and other alignment problems. The
concept of interaction between bolts is as the load is redistributed along the tightened bolts,
the initial bolt is allowed to relax a little. In a flange, with several bolts, combinations of these
“elastic interactions” become quite complicated and contribute to a wide range of final loads
for any given tightening sequence.

LISTEN, LISTEN, LISTEN
Bolting of gasket joints is largely an empirical art, and the experience of people in the
field is often the best guide to success. In bolting the best overall advice is “listen,
listen, listen” to the people that have been doing the
work. START
1 16
BOLTING UP 6 11
Torque bolts or nuts in a cross-bearing pattern,
it is also referred to as a star-pattern or a
diametrical sequence, (see sketch), for each
pass using a minimum of four torquing
passes. A pass means the tightening of
all the bolts once.
* Pass 1: Bring all nuts up hand-tight. If they — b,
won't run by hand, there is a defect in the
thread. Then “snug-tight” evenly. “Snug-tight” 4 13
has been defined as the tightness attained by a
few impacts of an impact wrench or the full
effort of a man using an ordinary spud wrench. 7 10
But you'll need more than this if the bolts are
over 7/8" in diameter. 12 5
* Pass 2: Torque to 30% of the final torque. 15 2
* Pass 3: Torque to a maximum of 60% of the final torque.
* Pass 4: Torque to the final torque.
After the four basic passes continue torquing the nuts using the final torque in a clockwise
manner until no further rotation of the nut is observed. This process may require an additional
five to seven passes.

DISASSEMBLY PROCEDURES

Of course, the first rule is to make sure that there is no pressure left in the system and to take
the proper personnel safety precaution. The joint is like a series of springs, compressed
together by the bolts. As you start to remove bolts, remember that the stored energy in the
bolts, nuts, washers, gasket and flange will be released. In a few cases, the final bolts
remaining in a flange have actually been broken as they attempted to hold the expanding joint
together. One procedure is simply to reverse the tightening procedure. Use several passes.
Partially loosen each bolt before further loosening any of them. Use a cross-unbolting
procedure.
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UNIFORM BOLT LOADS

A strong emphasis is generally placed on the
relationship between applied torque and
achieved bolt load, and the variation due to
thread friction. However, a phenomenon
known as “elastic interaction” is often
overlooked. Interactions between bolts during
assembly can create as much, if not more,
scatter in final bolt tension and clamping force
than frictional effects.

The concept of elastic interactions between
bolts can easily be described. In figure 1, bolt
1 is tightened to the desired load. The flange
and gasket is locally compressed and the bolt
is elongated. In step 2, the second bolt is
tightened. Bolt 2 is elongated, and the
flange/gasket system is further compressed.
This additional compression of the joint allows
the first bolt to relax a total of AL. The effect is
spread throughout the joint as additional bolts
are tightened. Combinations of these elastic
interactions can contribute to a wide range of
final bolt loads.

TIGHTEN BOLT 2
BOLT 1t 1S LOOSE

R R
L

FIGURE 1

STEP 2

TIGHTEN

GASKET

FIGURE 2

BOLT 1 LOOSENS BY AL AFTER BOLT 2 IS TIGHTENED.

Considerable elastic interaction will occur
even in a stiff joint with metal contact (i.e. no
gasket). Testing was done on a 16" class 300
flange with 20 bolts. Strain gages were mount-
ed on each bolt to measure strain, and
corresponding stress and load. Data acquisi-

tion equipment allows the load in all twenty bolts
to be monitored and recorded in any sequence.
During a test, data was taken for all twenty
bolts after each individual bolt was tightened.
A plot of final bolt stress for a one pass procedure
(tightening each bolt once) is shown in figure
3. Each bolt was tightened to approximately
25,000 psi using a standard four point star
pattern. The initial load of each bolt is designated
with an asterisk. The final load distribution
shown is due solely to reactions between bolts
throughout the tightening sequence.

FIGURE 3
BOLT LOAD REDUCTIONS

STRESS (THOUSANDS)
30 =

12 3 45 ‘6 7 9 8 iO {1'1213}415 16 17151920
BOLT NUMBER
« INITIAL BOLT LOAD  —e— FINAL BOLT LOAD

The greatest bolt load reductions occur in the
first four bolts tightened. The largest reduction
was nearly 70% of the initial bolt load.

A gasket adds flexibility to the joint and
increases the amount of reduction in the final
load. With thicker gaskets the effect is greater
still. It is not uncommon for all of the bolt load
to disappear in the first four bolts tightened
with some gaskets/flange systems. Even after
multiple passes the average bolt stress can
be as low as 50% of the design load for some
gasket and flange configurations.

TO ACCOUNT FOR ELASTIC INTERACTION
MULTIPLE BOLTING PASSES MUST BE USED.
Typically a minimum of three passes, some-
times as many as six or seven passes, are
used to obtain the full design clamping force.
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Joint Distortion exists whenever the flanges
are not parallel. This causes a non-uniform
pressure distribution over the gasket and is a
major cause of excessive leakage. Flange
misalignment is particularly critical on 4-bolt
flanges.

m |f the flanges are badly mis-aligned, a
suggested procedure is to use metal dowels
to align the flanges at the top and bottom
(vertical) and on the sides (horizontal) as
shown in the illustration below.

m Once flanges have been lined up, visually
examine them for alignment.

| Install a few studs in the flanges to maintain
alignment of the flanges. Leave room for
insertion of the gasket.

m The illustration below identifies a perfectly
parallel, square mating pair of pipe flanges.
There is an equal space between the faces at
the top and bottom (vertical) and on the
sides (horizontal). If a level was placed on the
pipe or at the top of the flanges, the level
would indicate perfect level position.
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STRESS RETENTION OF BOLT MATERIALS

Stress relaxation in various bolt materials when they are subjected to high temperatures for
1,000 hours. As an example, a carbon steel bolt will lose approximately 30% (retain 70%) of its
initial preload if exposed to 572°F (300°C). It will lose approximately 90% (retain 10%) of its initial
preload if exposed to 752°F (400°C) for the same length of time.

Temperature °F

32 392 752 1112 1472
100

0 B17Bis an AlSI 660
austenitic alloy

[ B80OA is more
commonly known by
its trade name
NIMONIC 80A

NOTE: B7, B8, B8M and
B16 are found in
A193

75

50

Residual Stress (% of Initial Stress)

25

0 200 400 600 800
Temperature °C

Source: British Standard BS 4282: 1973; Bolting for Flanges and Pressure Containing Purposes.
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BOLTING DATA FOR ASME/ANSI B16.5 FLANGES

150 LB. Flanges (3) 300 LB. Flanges (3 400 LB. Flanges (4

Nominal No.of Dia.of Length Length No. of Dia. of Length Length No. Dia.
Pipe  Wrench Bolts or Bolts or  of of Wrench Bolts or Bolts or  of of Wrench of of Length
Size Size Studs Studs Bolts Studs Size Studs Studs Bolts Studs Size Studs Studs  of Studs

1/
3/

14
1/

CONDRWWNN= =2

600 LB. Flanges (4 900 LB. Flanges (4 1500 LB. Flanges (4) 2500 LB. Flanges (4

Nominal No. Dia. Length No. Dia. Length No. Dia. Length No. Dia. Length
Pipe Wrench of of of Wrench of of of Wrench of of of Wrench of of of
Size Size Studs Studs StudS Size Studs Studs Studs Size Studs Studs Studs Size Studs Studs Stud

1/
34

14
1/

WO BRWWNN= =

(1) All dimensions in inches. (4) Length based on '/," raised faced Welding Neck, Slip-On,
(2) Lengths include allowance for pulling-up. Screwed or Blind Flanges. For lap joint, add the thickness of

(3) Length based on '/s¢" raised faced Welding Neck, Slip-On, both laps and subtract 1/,". For male and female or tongue

Screwed or Blind Flanges. For lap joint, add the thickness of and groove flange faces, subtract /4",
both laps. * Same as 600 Ib. flanges. tSame as 1500 Ib. flanges.




TYPICAL FACINGS FOR STEEL PIPE FLANGES

DIMENSIONS

The table below gives facing dimensions in accordance with ASME/ANSI B16.5.

Outside Dia.

Raised Face

Nominal Large Male
Pipe Large Tongue;
Size also Pipe Lap

Small
Tongue

DIMENSIONS are shown in inches.

GASKET SURFACE is indicated on the facing sketches by
“GE”

/16" RAISED FACE (Fig. 1) is standard for 150 and 300 Ib.
Welding Neck, Slip-On, Screwed and Blind Flanges, and is
included in the flange thickness.

/4" RAISED FACE (Fig. 1) is standard for 400 Ib. and heavier
Welding Neck, Slip-On, Screwed and Blind Flanges, and is
not included in the flange thickness.

Large
Female,
Large
Groove

Inside Dia.

Large
Groove
Small
Groove

Large
Tongue

Small
Tongue

Small
Groove

Small
Female

LAP JOINT flanges are commonly furnished without a raised
face, the rolled lap on the pipe itself forming a raised contact
surface (see Fig. 2)

FINISH: Raised Face, Male, Female or Tongue face. Groove
face—grooves over 1" in width, as above;1" wide or less,
smooth finish. Ring Joint—smooth finish.

TOLERANCE of = /4" is allowed on inside and outside
diameter on all facings.

O Large Female and Large Groove Class 150 in these sizes
will be full faced to O.D. of flange.
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GLOSSARY

Alloy: A homogeneous combination of two or
more metals.

ANSI: American National Standards Institute.
API: American Petroleum Institute.

Asbestos: A fibrous mineral characterized by its
ability to resist high temperatures and the actions
of acids.

Ash: An impurity found in natural and other types
of graphite and are ordinarily expressed in parts
per million (ppm), or percent ash.

ASME: American Society of Mechanical
Engineers, founded 1880, is an educational,
technical and professional society of mechanical
engineers and other qualifying individuals. ASME
is an internationally recognized voluntary
standards setting organization.

ASTM: American Society of Testing and Materials.

Atmospheric Pressure: The weight of a column
of air per area unit as measured from the top of
the atmosphere to the reference point being
measured. Atmospheric pressure decreases as
altitude increases. ICAO sea level standard values
= 14.696 pounds per square inch (0.1014 MPa).

Boiler and Pressure Vessel Code: A large
document, maintained and published by the
American Society of Mechanical Engineers
(ASME). The code describes rules, material
properties, inspection techniques, fabrication
techniques, etc., for boilers and pressure vessels.
It is sometimes referred to as the “Code”.

Bolt Load (pounds): It is a means of applying
compressive load that flows the gasket material
into surface imperfections to form a seal.

BSS: British Standards Specifications.

Calender: A machine containing rollers used in
the flexible graphite industry, rubber industry and
others, for compressing materials into continuous
rolls, or sheets.

Cold flow: Continued deformation under stress.

Compression: Stress from forces acting toward
each other.

Compressibility: The extent to which a gasket is
compressed by a specified load. Permanent set is
the unit amount, in percentage of the
compressibility, that the material fails to return to
the original thickness when the load is removed.
Recovery is the amount of return to the original
thickness in a given time, and is usually less under
a prolonged load.

Corrosion: In broad terms, it is the destructive
alteration of metal by chemical or electrochemical
reaction within its environment, which encom-
passes not only atmospheric exposure but all the
interacting conditions associated with a service
application.

Corrugated, functionally: To create memory,
springiness and resilience, to wrinkle up with a
parallel series of ridges, grooves and hollows, or a
parallel series of peaks and valleys or troughs.

Creep: The slow, plastic deformation of a body
under heavy loads. Independent variables which
affect creep are time under load, temperature and
load or stress level. It is the loss of tightness in a
gasket measurable by torque loss.

Deflection: The deviation from zero shown by the
indicator of a measuring device. The movement of
a part as a result of stress.

Density: The ratio of mass of a body to its volume
or mass per unit volume of the substance. For
ordinary practical purposes, density and specific
gravity may be regarded as equivalent.

Din: Deutsch Industrie Norman. English
translation is Germany Industry Standard — one of
the European equivalents to ASTM.

Double-jacketed: A metal-jacketed gasket
design that is entirely enclosed by the metal outer
cover over a filler.

EPA: Environmental Protection Agency.
A regulatory agency of the United States
of America.

Elastic interaction: involves bolt stress relaxation
when adjacent bolts are tightened. Essentially, the
bolts “talk” to each other making it difficult to get
uniform bolt loading.

Elasticity: The ability of a material to return to its
original form after the removal of the deforming
force (stresses). A substance is highly elastic if it is
easily deformed and quickly recovers. Metals, if
deformed only a few percent, can be considered
purely elastic.

Elongation: The increase in length of a stressed
material.

Envelope-gasket: The filler material is enclosed
in an outer cover, typically of PTFE material to
enhance corrosion resistance.

Extrusion: Pressure forces a metal or plastic into
a gap or opening.
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MTI: Materials Technology Institute of the
Chemical Process Industries.

MSS: Manufacturer’'s Standardization Society of
the Valve & Fittings Industry.

Nut Factor: (K) An experimental constant used
to evaluate or describe the ratio between the
torque applied to a fastener and the Preload
achieved as a result. For example, torque vs.
Preload, (short-form equation)

(T) torque = (Fp) achieved preload (Ib, N) X (K)
nut factor X (D) nominal diameter (in., mm).

OD: Symbol for outside diameter.

Oxidation: The act of uniting, or causing a
substance to unite with oxygen chemically.

Pascal: A S| unit of pressure equivalent to one
Newton per square meter.

Pascal’s law: The ability of gas or liquid to
transmit pressure equally in all directions
throughout itself is known as Pacal’s law.

Permeability: The quality or condition of allowing
passage of fluid through a material.

Pi: The symbol which denotes ratio of the
circumference of a circle to its diameter.

Pitch: The nominal distance between two
adjacent thread roots or crests.

Preload: A clamping force expressed in pounds,
which denotes the amount of tension force
created that holds two or more pieces together
when a fastener is tight.

Pressure: A measure of a force’s intensity. To
determine pressure, the total force is divided by
the area (usually square inches) on which it is
acting. The result is the pressure (amount of force
per square inch).

Pressure, atmospheric: Pressure exerted by the
atmosphere at any specified location. ( Seal level
pressure is approximately 14.7 pounds per square
inch absolute).

Pressure, gage: Pressure differential above or
below atmospheric pressure. Expressed as
pounds per square inch gage (P.S.1.G.).

Proof load: The maximum, safe, static, tensile
load which can be placed on a fastener without
yielding it. Proof load is an absolute value, not a
maximum or minimum. Sometimes given as a
force (Ib, N) sometimes as a stress (psi MPa).

PTFE: Polytetrafluoroethylene plastic.

PVRC: Pressure Vessel Research Council
sponsored by the Welding Research Council.

Raised-face flange: A flange which contacts its
mating joint member only in the region in which
the gasket is located. The flanges do not contact
each other at the bolt circle.

Recovery: The ability of the gasket to spring back
after the compressive load is reduced.

Relaxation: The loss of tension, and therefore
clamping force in a bolt and joint as a result of
creep, thermal expansion, embedment, etc.

Residual load: The tension is less than the
amount in preload by the amount of combined
fluid relied and creep-relaxation.

Resilience: The property of a material (stiffness/
recovery) that enables it to resume its original
shape or position after becoming bent, stretched,
or compressed; elasticity.

Resilience: The energy of elasticity-the energy
stored in a material under the strain within its
elastic limit which will cause it to resume its
original shape when the stress is removed.

Ring gasket: A flange gasket lying wholly within
the ring of bolts. Also flat ring or raised face
gasket.

Ring joint gasket: A shaped seal used in
conjunction with flanges that are grooved to
accept the ring joint gasket.

Root diameter area: ASME Code mandates the
use of root diameter area rather than tensile stress
area. The expression for this area is:

Ar = 0.7854(D-1.3/n) "2

D = is the nominal diameter

n = is the number of threads per inch

Sl (International System of Units): is a
modernized and internationally standardized
version of the metric system based on the meter,
second, kilogram, ampere, degree Kelvin, and
candela.

Sealability: is a measure of fluid leakage through
and across both faces of a gasket.

Spiral-wound gasket: A gasket which is formed
by winding spring-like metal, usually “V” shaped,
and a suitable filler layer into a spiral.

Springback: It is a measure (percent) of the
distance a gasket recovers from an initial
compressive load.

Strain: A measure of the deformation that stress
causes.
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GLOSSARY

Stress: It is the applied force divided by the area.
An applied force or system of forces that tends to
strain or deform a body.

Stress corrosion cracking (SCC): A common
form of stress cracking in which an electrolyte
encourages the growth of a crack in a highly
stressed bolt.

Stress relaxation: In application the gasket
creates a resulting stress (stored energy) back
against the sealing (flange) face. The resulting
stress is known as the sealing contact force which
is some value in pounds per square inch. This
decrease in sealing contact force (stress) over
time at a constant strain is known as stress
relaxation. Example: You press a 100-pound
barbell over your head at full arm’s extension as
long as possible. Stress relaxation determines
when the barbell would no longer be higher than
your head.

TEMA: Tubular Exchanger Manufacturers
Association.

Tensile: Pertaining to extension or tension.
Tensile strength is that strength necessary to
enable a bar or structure to resist a tensile strain.

Tensile strengths: They are normally expressed
in terms of stress-pounds per square inch (psi).

Tensile stress area: The effective cross-sectional
area of the threaded section of a fastener. Used to
compute average stress levels in that section.
Based on the mean of pitch and minor diameters.
(As = 0.7854(D - 0.9743/n) "2

Tension: Stress from forces that are acting away
from each other.

Tension, bolt: Tension (tensile stress) created in
the bolt by assembly preloads and/or such things
as thermal expansion, service loads, etc.

Tensioner: A hydraulic tool used to tighten a
fastener by stretching it rather than by applying a
substantial torque to the nut.

TEPHONIC®: Register trademark of Marine &
Petroleum (M&P) Mfg., Inc. for a family of PTFE
gaskets.

Tex-O-lon: Register trademark of Tex-O-lon Mfg.,
Inc. for a gasket composed of perforated steel
encapsulated with Teflon.

Thermal: relating to heat; caused by heat.

Tightness: A measure of the mass leak rate from
a gasketed joint.

Tightness parameter: A dimensionless
parameter which defines the mass leakage of a
gasket as a function of contained pressure and a
contained fluid constant.

Tongue-and-groove joint: A flange joint in which
one flange is provided with a tongue (male) and
the other with a groove (female).

Torque: The twisting moment, product of force
and wrench length, applied to a nut or bolt.

Ultimate strength: The maximum tensile strength
a bolt or material can support prior to rupture.
Always found in the plastic region of the stress
strain of force-elongation curve, and so is not a
design strength. Also called tensile strength and
ultimate tensile strength.

UNS: United Numbering System is an
alphanumeric designation to identify any metal or
alloy. It is not a specification. UNS consists of a
single uppercase letter, followed by five digits.

Vaaler awards: The competition is sponsored by
Chemical Processing magazine. It is named after
John C. Vaaler (1899-1963) who served as Editor
from 1946 to 1963. The competition was
developed to recognize significant technical
advances in the Chemical Process Industries.

Viscous: Liquids such as water or mineral oil can
be considered viscous. Viscous materials
dissipate the energy used to deform them as heat,
such as water which has no-memory.

Viscoelasticity: Materials such as elastomers
which exhibit both viscous and elastic characteristics.

Viscosity: A measure of the resistance of a
liquid’s molecules to flow or slide past each other.

Volume: The size or extent of a three-dimensional
object or region of space.

Yield strength: The tension-applied load required
to produce a specified amount of permanent
deformation in a solid material.

Y factor: (psi, MPa) The y factor is the initial
gasket stress of surface pressure required to
preload or seat the gasket to prevent leaks in the
joint as the system is pressurized.
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TEMPERATURE CONVERSIONS

CELSIUS AND FAHRENHEIT

The Celsius scale was formerly called the Centigrade scale. It uses the melting point of ice as
0 °C (32 °F) and the boiling point of water as 100 °C (212 °F). The Celsius scale is commonly
used for scientific work throughout the world.

Locate temperature in the central column. If in degrees Celsius, read Fahrenheit equivalent in
right-hand column; if in degrees Fahrenheit, read Celsius equivalent in left-hand column.

572 135 275 168.3 335 635 279.4 535 995 487.8 910 1670
60.0 140 284 1711 340 644 282.2 540 1004 493.3 920 1688
62.8 145 293 1739 345 653 285.0 545 1013 4989 930 1706
65.6 150 302 176.7 350 662 287.8 550 1022 504.4 940 1724
68.3 155 311 1794 355 671 290.6 555 1031 510.0 950 1742

To convert Celsius to Fahrenheit: °F = 9/5 °C + 32
To convert Fahrenheitto Celsius: °C = 5/9( °F - 32)
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PHYSICAL PROPERTIES OF GASES

Mass density: With leak rates expressed in terms of mass leak rates (milligrams or pounds), the
following data will help us visualize the equivalents in volumetric leak rates. Mass density is defined as the
mass per unit volume of a substance. Thus, if a substance occupies a space of 1 cubic foot and has a
mass of 1/2 pound, its mass density is 1/2 pound per cubic foot. The mathematical equation is :

mass (m)
mass density (D) =
volume (V)

With this equation you can find any one of the three physical quantities (D, m,V) if the measurements for
the other two are given.

Most properties of matter are not constant. They vary with the environment. Thus, water freezes when it
gets cold enough and boils when it gets hot enough. In each case, the physical properties of the water
has changed. Similarily, the mass density of a gas increases when it is placed under pressure and
decreases when the pressure is reduced.

MASS DENSITY

GASES LB/CU FT CU FT/LB MG/CC CC/MG

CARBON DIOXIDE 0.1150 8.70 1.8421 0.543
CARBON MONOXIDE 0.0727 13.76 1.1645 0.859
CHLORINE 0.1869 5.35 2.9939 0.334
ETHANE 0.0789 12.67 1.2639 0.791
ETHYLENE 0.0733 13.64 1.1742 0.852

METHYL CHLORIDE 0.1342 7.45 2.1497 0.465
NATURAL GAS 0.0502 19.92 0.8041 1.244
NITRICOXIDE 0.0780 12.82 1.2494 0.800
NITROGEN 0.0727 13.75 1.1645 0.859
NITROUS OXIDE 0.1151 8.69 1.8437 0.542

Assumes a dry gas at 20° C (68° F) and a pressure of 760 mm Hg (14.70 pressure per sq inch).
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FLANGE PRESSURE-TEMPERATURE RATINGS

Pipe Flanges and Flanged Fittings, ASME/ANSI B16.5-1988 in sizes NPS 1/2" through 24"

Temperature °C

32 118 204 316 427 538
4000

281

Flange material
Carbon A 105 Gr. 1.1 @®
For other material groups| 246
see ASME/ANSI B16.5

3500

3000 211

2500

176

2000 141

Pressure in psig

1500 105

1000
900
800
700
600
500
400
300
200
100

70

Pressure in kp/cm2 ( 1 kp/cm2=14.223 psi) ) ©

0 200 400 600 800 1000
Temperature °F

NOTES: (a) permissible but not recommended for prolonged use above about 800° F;
(b) not to be used over 1000° F; LA
(c) one square centimeter is about the area of a side of a die. ° °
L)

52



ENGINEERING UNIT CONVERSIONS

SELECTED “SI” UNITS FOR GENERAL PURPOSE
Sl is a Internationally standardized version of the metric system.

QUANTITY SI UNIT “CUSTOMARY U.S.” CONVERSION
UNIT
Length () Millimeter (mm) Inch (in) 1in =254 mm
1 mm = 0.0394 in
Area (A) Square meter (m2) Square inches (in2) 1m2 = 1,500 in2

Volume (Liquid)

Liter (1)

Gallon (US gal)

1USgal =379L

Volume (Area)

Cubic meter (m3)

Cubic inches (in3)

1m3 =61.077in3

Pressure (p)

Bar (assumed to be
‘gauge” unless
otherwise stated)

Pounds per square
inch (psig or psia)

1 bar = 14.72 psi

Pressure

One thousand pascals
= MPa

Pounds per square
inch (P/in2 or psi)

1 MPa= 14.22 psi
1,000 psi = 70.3 Mpa
1 kp/cm2 = 11.22 psi

Flow (mass rate)

Milligram/second
(Mg/s)

Pound/hour (Ib/hr)

1 mg/s = 0.00794 Ib/hr
1 Ib/hr = 125.98 mg/s

Flow (Liquid) Liters per minute Gallons per minute 1 USGPM = 3.79 I/min
(1/min) (USGPM)
Force (F) Newton (N) Pound(f) Ib(f) 11b(f) = 4.448 N
1N = 0.225 Ib-ft(f)
Mass (m) Kilogram (kg) Pound (m) Ib(m) 1 kg = 2.20 Ib(m)
11b(m) = 0.454 kg
Torque (T) Newton-meters (N-m) Pounds (f)-inches 1 N-m = 8.88 Ib(f)-in

Ib(f)-in

1 N-m = 0.74 Ib-ft
1 Ib-ft = 1.36 N-m

Temperature (1)

Degree Celsius (°C)

Degree Fahrenheit
(°F)

°C = 5/9(°F - 32)
°F = 9/5x°C + 37

Face pressure (p)

Kilogram per square
centimeter (Kg/cmz2)

Pound per square
inch (psi)

I kg/cm2 = 14.22 psi
I kg/mm2 = 1,442 psi
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FLANGE TIGHTNESS

The evaluation and selection of gas-
kets should be compared and assessed
by reference to the entire flange, bolt,
assembly, gasket and operating condi-
tions system. Perfect functioning of flange
joints is achieved by the combined action
of these elements. (See Fig. 1) To improve
the performance and integrity of bolted
flange joints, emphasis should be on gas-
ket selection, leakage behaviors, joint
behaviors under pressure and tempera-
ture loads, preload specification, flange
surface and bolting tools and techniques.

GASKETS

ASSEMBLY

The tightness of a flanged joint
depends on:
(1.) The gas of liquid to be contained

(2.) The pressure and temperature

(3.) The allowable maximum leak
rates

(4.) Design (stress analysis and
tightness calculations

(5.) The materials of the gasket,
flanges, and bolts.

(6.) Additional forces from a piping
system or the apparatus

(5.) Last but not least, the assembly
procedures of the parts.

FLANGES,

| OPERATING
CONDITIONS
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First, the definition of torque when used in
reference to threaded bolts is the resistance
to turning or twisting force. By applying a
turning motion (twisting moment) to a nut, a
pull (tension) is created on the bolt; thus
producing a torque/tension relationship. By
turing the nut with the wrench the nut will
clamp the two flanges together, as well as
provide bolt tension. All wrenches produce
torque. We can describe torque as the
twisting moment, product of a force and
wrench length, applied to a nut or bolt.

The International Systems of Units [MKS] for
force is newton-meter (N-m).

The symbol for torque is the Greek letter tau
(). Torque is measured in units used. If force
is in pounds and distance (wrench length) in
feet, the answer is called pound-feet (Ib-ft). In
the metric (SI) the force factor newton is
given first. A newton (abbreviated as N) is a
fairly small unit of force.

4.45 newton = 1 pound
1 newton = 9.81 kilogram
1 pound = 0.225 newton

The metric (SI) uses Newton-meter [N-m].

For bolting we use pounds per foot (Ib-ft).
However, technical and shop manuals and
bolting manufacturers commonly use the
foot-pound (ft-b) term.

For example, to measure fastener torque, if
100 foot-pounds of torque is required, as
wrench one foot (0.3 m) long with a pull of
100 pounds (444 N) on the end would
provide it. One could also use a wrench
two feet long (0.6 m) and apply 50 pounds
(222 N). Torque is the product of two
measurements-force and distance.

Torque = Force X Distance [lever arm]

The torque of the force (twist) is simply the
force applied at a given distance from the
center of the part being twisted. Force is
expressed in units of pounds, ounces,
kilograms, Newton.

Distance is the length of the lever arm from
the axis to the line of action of the force.
Distance is expressed in units of length, such
as inches, feet, centimeters or meters.

FORCE (F)
1 POUND

==

TORQUE (T)
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