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FLANGE BOLTING-UP PRACTICES

Abstract

Prevent flange leaks with proper bolting practices. Bolts and gaskets behave like springs and unless flange
bolts and nuts are properly tensioned the flange will leak. The correct tightening torque depends on bolt diame-
ter, material of construction, process pressure and bolt fabrication. Key words: thread surface finish, yield

strength, creep, bolting sequence, load cycling.

A Bolt isNot a Bolt
A bolt is not a bolt - it isaspring! When tightening a bolt you are tensioning or slackening a spring. The

sketches below show how a spring can be considered to replace the bolt pulling the flanges together.
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In this article a bolt is referred to as a ‘bolt-spring’. The 'bolt-spring’ must pull the flanges together more than
the forces acting to push them apart. If the ‘bolt-spring’ is too loose, the pressure stretches the bolt and the
flange leaks. To prevent the flanges separating, the bolts are preloaded (stretched). Bolt torque figures are cal-
culated to produce a bolt stretched to at least 65% of itsyield strength. Yield strength isthe stress at which the
bolt shank starts to deform permanently (Take it beyond this & it will snap off.).

A Gasket isNot a Gasket

When a gasket is sandwiched between flanges it behaves both as a seal and a spring. The sketch below is the
same as the previous except the gasket is now turned into a spring like material. In this article it will be re-
ferred to asa‘ gasket-spring’.
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A ‘'gasket-spring’ will creep with time or temperature. Gasket creep is the gradual deformation (squeezing) of
the gasket when sandwiched between flanges. The spring tension in the gasket slackens off. Gasket creep may
require that flanges be re-tensioned periodically. It is often necessary to check the bolt manufacturer's and the
gasket manufacturer's torque tables to select the highest torque to be used.

To prevent aflange |eak there are afew things to check. The following table will provide some guidance.
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What is Required What You Can Do

The bolt-spring shaft ought to be stretched to 75% - 80% | Ask the bolt manufacturer for the maximum bolt torque
of the material yield and in excess of the maximum bolt | and the number of turns from snug to achieve this or use
load. loadrindicating washers. Asalast resort use atop quality
tension wrench to the bolt manufacturer's torque specifi-
cation.

Bolts of sufficient tensile strength to take the processand | Check the bolt head forging marks against the bolt head
bolting forces. manufacturer's standards to insure the bolts and nuts meet
theload requirements for the service.

Bolt tension must alow for cycling of loads, shock loads, | Swap the bolt for one of higher tensile strength and pull it
shear loads and vibration. up tighter. Make sure al the bolts are to the same rating
and diameter.

When pulling up boltstry to apply thetorque evenly and | Lubricate the bolt threadslightly and follow the recom-
continuously. mended bolting-up sequence.

Clean, flat flange faces Check both flanges are clean and flat. Put asteel straight
edge or ruler across each face and make sure the faces are
flat. Machine flange facesthat are not flat and leave
enough thickness to still comply with pressure code re-
quirements.

Use washers under the bolt head and nut. The washer actsto distribute the load evenly and remove
the effect of high spots under the head or nut causing
uneven bearing on the flange.

The gasket must be suitable to retain the pipe contents Chose the thinnest gasket possible with high seating
and have negligible gasket creep. pressure requirements. Always use a new gasket.

Cut aneat, close tolerance gasket to completely cover the | A gasket must completely cover the pressure faces to
flange pressure face. insure the flange loading evenly squeezes the gasket.

Check the flange is set-up correctly on the pipe. The flange faces must be square and flat to each other and
in-line. The flanges must line up to within 0.01 mm
(0.005"). Bowed, twisted, skewed on the pipe or mis-
aligned flanges it must be removed and replaced properly
else sealing is jeopardised.
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Tightening the Bolt and Nut

Tightening bolts by ‘feel’ isthe most inaccurate method to use. Because everyone has adifferent ‘feel’ the
likelihood of error is 35%. Using a torque wrench has a 25% error. Number of turns from snug a 15% error.
Using load indicating washers a 10% error. Measuring change in bolt length has 5% error. Measuring bolt
stress is the most accurate method with a 1% error.

The sketch below gives you an idea of how to gauge torque. Torque is the measure of twist produced by a
force applied at a perpendicular distance from the point of twist. The sketch shows an 80 kg man standing on a
one-meter long horizontal bolt spanner. This man is applying about an 800 Newton meter (Nm) torque (80 kg x
10 m/sec? = 800 Nm. But thisis at sea level under full gravity, in outer space, where the man would have no
weight, he could not apply a torque by this method). If the spanner were 500 mm long (half the previous
length) the torque would be 400 Nm and if it were 300mm long, the torque would be about 250 Nm.
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The assembly torque recommended for high tensile 20mm bolts to give 75% yield stress is about 550Nm. A
man tightening a 20mm diameter flange bolt with a 300mm, or even a 450mm, long spanner would probably
not generate enough force to properly tension the bolts. On bolts of 20mm diameter and larger, depending on
the pressure in the pipe and the type of gasket, it may be necessary to use an extension arm on the spanner or a
hydraulic nut tensioner to get the needed torque.

Bolt Thread Surface Finish

Note that the surface finish of the bolt and nut threads also affects the amount of torque needed to preload (stretch)
the bolt. A dry galvanised bolt thread produces more friction between bolt and nut threads than one that is nicely
machined and oiled. Tightening on dry galvanised threads would get less stretch in the bolt than tightening on ama-
chined and oiled thread for the same amount of torque. Tables are available that give factors by which to increase or
decrease the manufacturer's recommended bolting-up torque. They vary from 2.1 for adry galvanised thread to 0.7
for anicely machined and oiled thread.
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Bolting Up Sequence

The drawing below of blank flanges with flange bolt-holes shows the sequence to adopt when doing up flanges.

Lightly lubricate the bolt threads after de-burring them. Insert the bolts into the flange holes and start by pulling-up
al bolts finger tight. Then in the order shown, pull-up the bolts to half torque, again in the order shown, pull-up the
bolts to the final torque, finally go back over al the balts, in the order shown, and re-torque them again to the fina

torqueto confirm all are correct. This method will sandwich in place and load up the 'gasket-spring' evenly.

4 BOLT FLANGE E BOLT FLANGE 16 BOLT FLANGE
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'Process - Plant - Equipment UP-TIME' is Feed Forward's subscription-only 30-month long engineering and
asset management education and development program for process, plant and equipment maintainers.

With each monthly e-mailed edition of UP-TIME, your maintenance crew get 4 or 5 educational articles that
expand their knowledge in asset management, process engineering, plant engineering and maintenance
engineering.

There are 142 engineering and asset management articles in the program! That is a lot of knowledge that a
normal maintenance crew will never get from any where else! Normal maintenance crews never get the chance
to develop their engineering and asset management knowledge. You use UP-TIME to train their brains and
build their knowledge base so they can solve maintenance problems.

The UP-TIME 30-month Learning program costs US$10 per month. The CD of the whole program is US$350.
You can buy as many months as you want and pay by check, credit card or company purchase order which we
then invoice. If you buy a year at a time we will send you a reminder to take out future instalments at the end of
the year period.

For the money, you get to education of your maintenance and operations people in a huge range of issues that
affect the plant and equipment. You can use the articles to focus people onto the key aspects of well maintained
and reliable plant. It becomes a means of taking people to a better level of knowledge and understanding which
you direct by using the program to emphasise the aspects you see as important. They will pick-up on your
signals and pay more attention to the things that you emphasis. The flyer provides a vehicle that makes it simple
to explain to your people what they should focus on. Itis ‘'lighter' than a full blown training course and keeps
things at an easy going pace and a personalized level.

You can get three FREE samples of the monthly UP-TIME flyer at our web site. They will be a great reference
for you. Download them by clicking this link http://www.feedforward.com.au/free_samples.html.

The UP-TIME 30-month program will help your people to become better, more knowledgeable maintainers. It
will lift your maintenance crew to a higher level of engineering and asset management knowledge and under-

standing they can use to improve reliability and lower costs on your plant.
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