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BOLT TIGHTENING

General

The alloy steel bolts and studs in the high pressure and/or high
temperature flanges, should be tightened sufficlently to produce a definite
amount of stretch as outlined 1n these instructilons,

Amount of Stretch

The amount of stretch 1n alloy steel bolts or/studs should be
.0015 per inch of free length., Thils produces the required stress of
45,000 pounds per square inch,

The free length of a stud 1s the thickness of the flange from
Joint face to spot faclng, plus one stud dlameter and plus washer thick-
ness, 1f washers are used, The free length ofiya "stud bolt extending
through both flanges, 1s the thickness of both/flanges between spot facing,
plus one bolt dlameter, plus thickness ofjyboth washers 1f washers are used,

Liubrication

The threads of bolts and studs$, and the bearing faces of nuts,
should be well lubricated with a good™mon-selzing compound to reduce
friction and to avold thread selzuregs inWhigh temperature service., We
recommend a compound of the followingymaterials and proportions:

4-1/2 1bs, of powdered white dr Ped lead

1-1/4 1bs, of finely powdered graphite (U.S. Graphite Company's #205
or equivaleft)

The above to be mlixed with one quart of heavy turbine oll,

Stretching

Bolts and studs /2-1/4" diameter and larger are provided with
holes in center for stPétchdng by means of heating elements, (Never use
a gas flame directly on the bolt or stud because of possible damage to the
material),

Bolts, and, studs smaller than 2-1/4"dlameter must be stretched by
wrenching, It 1s preferable to tighten these wilth a steady pull by using
an extenslon wrenchy

Measuring Stretch,by Micrometer

The only posltive way to determine the stretch of a bolt or a
stud 1is by miscrometer measurement.,

Bolts and studs 2" diameter and larger are provided with holes
for measuring the stretch with a rod, adapter and depth micrometer as per
Figure ¢ Studs wlthout holes can usually be measured by means of speclal
adapters, slipped over the nut, and a depth micrometer, Through bolts
wilth standard hex nuts but without holes, can be measured over the bolt
ends4with ordinary outslde micrometers,

Bolts and Studs Impossible to Measure

Where 1t 1s 1mpossible to measure the stretch, apply a force, as
per table below, at the end of wrench, This method, which 1s not very
accurate because of friction variations, 1s calculated to produce approx-
imately the stress of 45,000 1lbs, per square inch, required for alloy
8teel bolts.
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Bolt Tightening

Nomilnal Threads Torgue

Dilameter Per Inch
of Stud Inch Pounds
1/2" 13 540
5/8" 11 080
3;4” 10 ggo
7/8" 9 380

1" . 8 +425
11k : 5000
1-3/8" 8 12,225
1-1/2" 8 14,400
1-5/8" 8 19,800
1-3/4" 8 27,000
1-7/8" 8 36,000
2" 8 39,750

EXAMPILE: The force to be applied to a wrench atha polnt 20 1inches

from the center of a 3/4 inch 10fthre&d bolt would be
1800 divided by 20, or 90 pounds:

Measuring Stretch by Turning Nuts

It has been found that the calculated amoun® of nut turn, based
only on the pltch of threads, wilill not produce, suffi€lient stretch because
of the deformation of threads, nuts and flanges.

Measuring Liarge Bolts and Studs by Heating

The stretch of large bolts amd sfuds, stretched by heatlng, can-
not be measured untll after coollng, ,hene€ the amount of nut turn must be
predetermined and 1include an allowance, for deformation of threads, etc.
which will vary from 50% to 75% of the tetal stretch calculated from the
pltch of the threads.

" Nuts turned through theffollewlng arcs would produce a stretch
of .001 1f no deformatlon of, threads, nuts and flanges ocecurred.

2.88 degrees (2 degrees @ndWS0 minutes) for 8 threads per inch
2.10 degrees {2 degrees“@nd 10 minutes) for 6 threads per inch

It 1s suggested that the required nut turn be determined by trial for each
slze of heated bolt or stud and that thils be used as a gulde for other
bolts and studs of the same s1ze 1in the same flange; however all of these
bolts and studs must b& measured after coollng, with the rod and adapter
measuring device.

Tightening Sequence for'€ylinder Joint Bolting

StartWtdghténing at the middle of the large dlameter bolt group
and work toward both ends as 1indicated below.

15 -11-7-3|1-5-9-13
16 - 12 - 8 - 4 lQ -6 =10 - 14

Air Cooling after Heating Liarge Bolts and Studs

The coollng of large bolts and studs, stretched by the use of
heatling), elements, should be hastened, to avold flange expansion, by blow-
ing ‘compressed alr into the bolt hole. The end of the alr hose should be
fi%sed with a 1/4" pipe, long enough to extend to within 2" of the bottom
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Bolt Tightening

of the bolt hole. If the hole extends through the entire length of thg
bolt and nut, close the bottom end wilth the screw plug suppllied with
each bolt. A simple alr manifold 1s suggested so that a number of bolts
can be cooled simultaneously.

Procedure for
Tightening Liarge Bolts and Studs with Heating Elements

o m

(oT¥e]

Determine the requlired stretch (see paragraph 2).

Lubricate threads and face of nut with a good non-selziag @empound (see
paragraph 3).

Run on nuts to lnsure of free fltting threads.

Clean bottom of hole with compressed alr followed by“a, Swa&bbing with a
rod having a plece of cloth securely fastened togthe‘end, the cloth to
be smeared with a 1little clean grease.

Measure the stud or bolt, with nut loose, using fthe, propsr adapter and
extension rod shown 1n Figure 1.

Tighten wilth extension wrench, wlth a steady pullWjust enough to 1insure
a small amount of cold stretch (.001" or .002"™Wils sufficient).

Measure the stud or bolt 1In this condition,. “"Subfract the free measure-
ment from the cold stretch measurement.\ The“difference will be the
cold stretch.

Subtract the cold stretch from the total ®equlired stretch. The differ-
ence wlll be the stretch remalninghtio Be obtalned by heatling. Multiply
this by the nut turn for .001" streteh and add for deformation (see
paragraph 8) to determine nut turn.

Place reference marks on the nut and “filange. If a through bolt, then
the holding nut on the opposite end, and the flange should also be
marked to observe 1f the bolt turns during the tightenilng.

Heat stud or bolt and turn nut untllsf the reference marks colnclde. Follow
up with the nut as the belt sxtends, otherwlse the ground clircult will
be Impalred. Remove heatlng element and 1ntroduce compressed alr.

After the stud or bolt has“eooled to the same temperature as before heat-
ing, clean bottom of hodke and measure to see 1f the requlred stretch,
wlthin a tolerance of minds, 10% or plus 20%, has been obtalned. Caution:
If a low voltage electric heatling element 1s used, and a poor contact
exlsts between end @of ele€trlc heating element and bottom of hole, burn-
ing wlll occur amd wWlll)result 1n a mlsleading measurement.

1. In case_,the“eorrect stretch has not been obtalned, the bolts
or studs“should be reheated.

Example of DimensiofiS for'Stretching Liarge Studs

DiameterWeofsstud (8 threads per inch)......... feteereaaas 3"
ThickKness of flange from joint face to spot face 10",
plugsf washer thickness 1/2", plus one stud dilameter

3, %Bives a free 1ength Of ceeeeeneeneencencencencennens 13-1/2"
Free Wlength 13-1/2 x .0015" equals total required stretch .020"
Micrometer measurement, nut 1l00SE€.....ceeeeeens. Ceeeeenen .750"
Micrometer measurement after slight cold stretch......... .752”
Difference between these two measurements equals the cold

stretch.......... Ceerececaaaaas teeeeeccaeecasaaann eee.n 002"
Stretch to be obtalned by heating is .020" less .002".... .018"
Amount to turn nut for .001" stretch without allowance

for deformation of threads, €tC. ...ceeeeeeeoeeenvesoss 2.88°
Amount to turn nut for .018'" stretch by heating 1s

18 x 2.88% plus 50% for deformation of parts........... 780
After coolling, measure the obtalned stretch.



Bolt Tightening

1., In case the correct stretch has not been obtained, the
bolts or studs should be reheated,

Example of Dimensions for Stretching Large Studs

Diameter of stud (8 threads per inch)..... cevecessesee.. 23U
Thickness of flange from joint face to spot face 10",
plus washer thickness 1/2", plus one stud dlameted

3", glves a free 1enZth Of..u.veeeeeeneeneonses Moo s, Jd3-1/2"
Free length 13-1/2 x .0015"equals total required st¥etch 020"
Micrometer measurement, NUt 1O0SE. . eeeeeececessd . T.. 750"
Micrometer measurement after slight cold stretch.4..”... .752"
Difference between these two measurements equdls thé cold

R v o= o 1o N U - PP 0 |02
Stretch to be obtalned by heating is ,020"1less, ,002",... .018"
Amount to turn nut for .001" stretch withoUthallowance

for deformation of threads, etC......fdeee®eceenens. 2.88°
Amount to turn nut for ,018" stretch bygsheating 1s
18 x 2,889 plus 50% for deformation Of PartsS...ceeee.. 7809

After cooling, measure the obtalneg stretch,
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