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: PTI Standard BS-24
{Revised 1992}
(RLafﬁnned i96ay -

Pipe Bendmg Methods
~Tolerances, - .-

Proce:;s and Matenal SR
Requlremem e

METRIC CONVERSIOI\S

The conversion of quantitu,s betw zen systems of units mvolves a detemamcu of the mumsber of _
_ 1gmﬁcant digits to be retained. All conversions depend upon thc mtended preclsmn of the original Guannf:y
and are munded to the appropnd.ce accuracy. : . :

Pipe sizes nogether with applicable wall thicknesses are 16t shown thh metric ceuwdients _

The SI (mcmc) values where mciuded with the customary U.s. values m this Smnaard are the rmmdeé
equzvalents of the U.S. values and are for rcfcrence only. : : :

- _,Mc_‘inc units were derived utilizing the foﬂowmg comversion factor:

.-+ "/ Conversion . Factor ' . Conversion - Faector
. Inchesto . 254 .. . Deg.Fabr.to © - . 5/9(Dep.F-32) .
% Mitlimeters. - . . .o Deg. Cent. - RS o
ST Lbintto . - 0.0703 B
-".Kg/c:m2 R
1 Scope_

= "Noniinal pipe size. _
" Nominal outside diamerer of pipe.
‘Nominal wall thickness of pipes.
Minirum calculaied wall thickness
' SR - reguired by the applicable code,
1 2 'I’he bending methods deseribed in tb15 standdrd_- SO . T = Pipe wall thickness {measured or |

* - area partial representation of commonly used - - . . o o minimum, in accordance with puzchase o
processcs and do not preciude thc use of othcr S . specification), E
methods ) o . R R -

1 1 Th.ls standard covers methods p‘acess ' ) .. Din
_ requirernents, tolerances and zcceptance cntena o wm
for shop fabricated p!pc bends : ' trn

NI

]

== Center line radius of t:end

2 Termmeiagy e C3 Bemﬁmg Methods
,«., 2 1 “The. symboi and tcrms denned below ate used ’ : 3.1 ThlS standard covers bﬁnds formed by both hot .
~— throughoutthjs standard oLl e T and cold bending methods, For this qv;aﬂdard, a ,3
e : _ T s _tempﬁramre 100 degrees F beiow the lower
r_‘___‘_ CENTERTOEND ool -~ S critical temperature of the material is deﬁ,ucd as;

e TANGENT <] . . . - being the boundary between hot and cold
: S : amdmg

R e Un.less otherwise specified by the governing -
B AR . code, the bending procedive, including the
“heating/cooling cyele and post bend heat
treatment, is determnined by the pipe material,
diameter, wall thickness, bend radius and the
_ _ required properties afier beuding. Because of the
\}\ _ o T - many vanables involved, the bending proccdure

e o o o SR should be detenmined by the iabncator
o : FIGURE 2.1 : o
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(Rcafﬁ:mcd 1)‘)8}

33 thle the bcndmg equipment used inmany ofthe © . - . ﬁ' HEATING DEV‘CE %%“
" methods is generically the same, there may be SR, S A S

- differences in bending procedures, material | S ' ' .
¢, allowances, hold and pull legs, wall thxclmess eic.,

' between bend.mg fabricators..

3 4 Hot berdmg methﬂds ' f ANGHOR BOX -
' "341 FURNACEBENDING: .~ - .7
~ In this method, the pipe is ﬁmﬂy packcci thh
sand and then heated in a2 furnace to a-

. HYDRAULIC GYLINDER —#=.

temperature in the range of 2000 degrees F.

. After rtemoving from the furnace, one ead of . - . '
" the pipe is retained in a holding device anda -
- bending moment is applied at the other end. .

The radius of the bend 1s cc_iptmlléd by dies, -
stops or templates as the pipe is bent. For long

radius bends and/or heavy wall pipe, the sand - '

filling operation may not be necessary.

- FIGURE 3.4.2
INCREMENTAL BENDING

’ 3 43 INDUCTION BENDING

- The induction bending cquspmcnt is
- composed of three basic components .
* consisting of a bed, a radial arm, which is
" set at the required radius, and an induc”

T ~ heating system. The pipe is placed in the—
. HOLDING SHOES -y ~bed and the front tangent is clamped to the
i : A/?Z ' . ... radial apn. The nduction heating system
& ' . - . heats a narrow circumferential band around
- . o ‘the pipe to the appropriate bending =~ =~ .
© . temperature. When this tempetature is
reached, the pipe is continsously moved |

& _ b = ~ through the heating coil while 2 bending %,
_ o ' " moment is applied to the heaied area. After
' : ‘passing through the coil, the pipe may be -
RADIUS STOPS _ .+ either forced or paturally cooled as required
(OPTIONAL) ' A ' - by the appropriate qualified bendin
PULLING DEVICE _ S ppropriate 4 g
SRR : pmcedure : . -
FIGURE 3.4.1 INDUCTION COIL l-
' FURNACE BENDING 58 ¥ R

v

- 342 INCREMENTAL BENDING: : ST : — -
The incremental bending equipmentis ~~ ] b - 9
- composed of an anchor box, 2 hydraulic B -
.. cylinder, and 2 moveable heating device. The®
pipe is clamped in the anchor box and the '
{front tangent is conoected to the hydrankic
eylinder. The bheating device heats a parrow
cizcumferential band on the arc to the proper
bending temperature. A force is then applied
by the hydraalic cvlinder 1o bend the small
‘increment a predetenmined amount. The
heating device is then moved to successive -
segiments where the process is repeated uniil
the required arc is attained. Afier bending each
increment, the heated area 15 cooled as
required by the appropriate bending
procedure.

FIGURE 34.3
INBUCTION BENDING



3 3 Cold hendm;, methods

5 1 ROTARY DRAW BLNDING

" In this method, the pipe is secured toz-
*.." bending die by 2 clamping die. As the bendmg
. die rotates, it draws the pipe againstthe

~* collapse, over an internal mandrel. The -
| i+ pressure die may remam ﬁxed or move wﬂh

- -":.:'__fileplpe

5—— F‘RESSUR‘: DIE ’

S FIGURE 3.5.1 -
_ROTARY DRAW BENDING

¥ 3 3. 2 'RAM BENDING: - ‘
.- Inram bending, the pipe is heid by two
.__.""suppomng dies and a force is applied by ,
*, % means of a hydramc Tam to a forming shoe

“. ¢ - supporting dies rotate on their mounting pins
[ s that they follow the pipe and maintain -
" external support t_broughout Lhe operanon o

E T R .@_suppom
'_ﬂyum_uuc_wg - = :

. FORMING SHOE <7

" FIGURE 3.5.2
RAM BEINDING

3 5 3 ROLL BENDING:
. In roll bending, three forming rolls of
L _ o approxzmaiely the same diameter arranged in a
o . pyramid are used. The two fixed rolls oppose
. . the adjustable center roll. The pipe 1s passed -
through the rolis with the position of the
- adjustable roll contmrolling the bend radius,

* " pressure die and. if necessary fo prevent wall . . -

“+ ¢ located at the center of the workpiece. The - T

PFI Stan&ud £S34 '
7 {Revised 1982)
: (Reafﬁxmed 1998) j::..:_- _'

FIGURE3.5.3.
ROLL BENDING

4 Welds in Bends

4 1 Insome instances it 18 1ot pracncal to utihze
.- pipe of sufficient length to satisfy the required
- arc length of the bend. When it becomes
- mecessary 10 join lengths of pipe resulting in a .
“circumferential butt weld in the arc of 2 px;e
7" bend, the imlowmﬂ pxacnces should be .
o cc}rmdered

411

Pipes o be wz:ldea should be seleaed o

' provide the best uniformity possible at the

- mating ends. Pipe wall thickness shall not be"f_'f;'

. less than the design minimum plus bcnd R
- ilinning allowance {see section 7, O)

- End preparation for welding shall be tn . .
- accordance with the qualified welding -

- procedure to be used, Internal counterb_onng o

~should be aveided wherever possible.
- During fit-up of the joint, the pipes should

be rotated or aligned s necessary to pro vide

- the least amount of 1D, and/or Q.D:
- musmatch and the best transxnon across the

4.1.3

weld,

“The welding procedure must be qualiﬁed in
- accordance with the governing Code for the _

thermal exposures, {if any) excepted in
bending and heat treatment,

After completion of the circumferential butt

. weld, but before bending, the OD. and LD,

{where atcessible) of the weld should be
zround to remove excess weld .
reinforcement and blended smoothly into '
the base metal,

5 It ts good practice to examine the

circumferentiai butt weld by radiography
prior to and after bending, whether or not
such radiography is required by the

- apphcabie Code.




5 Lmear and A:ugular Tolerances   , .

.:'5 1 Bends shall be prov;ded with 4 total angu.lamy
U tolerance of £ .5 degrees as determined by the

- appmpnate cquipraent.’

o= 52 When the fabricator is required to provide bends

cut 10 a specified center-to-end dimensicn it shall -

be to the tolerances specified in PFT ES 3.

%53 If intermediate portions of the bend proﬁlc are
o essential, their tolerances shall be a matter of

- agreerment between the purchaser and the
" fabricator. :

o _ 6 Fom Taierfmces .

6 1. The ovality of a pipe bend shail not exceed thc, ,. o
- ovality required by the governing code. If there is- -

" no governing code, the difference between the
maximuwm and minircun diameters shall not
exceed 8% of the average oeasured outside
diameter of the straizht portion of the pipe unless

. by muiual agreement between the purchaser and

* the fabricator. Where operating conditions require -

less ovality it may be necessary to use larger radid,
heavier pipe walls or a specific bending method
‘that will provide a closer control of ovality.

. "6.2 Since there are occasions when buckles cammot be

SR avmdud, the followmg Testrictions should apply

(a) Aﬂ wave shapcs shall blend into the pipe
. surface in a gradual manger. '

B '(b} The maximum vertical height of any wave,
. measured from the average height of two
adjolning crests fo the vaﬂey, shall not
“exceed 3% of the nominal pipe size. (See’
. Figuze 6.2, Note H :

_(c) - The minimum fatio of me dlstance between . .

czests as compared to the height between

* orests and the mcluded valley should be 12 10

R {Scsi"lgureé?. Note 2)

i intersection of the tangent centerlines measurcd by:‘

PF' Smndmr‘ I:M )
- (Revised. 1592
(Rcaf nmed 1%8)%

: - FIGURE 6 2 '
APPLICATION OF PIPE WALL BUCKLEI\TG
. TOLERANCES :

MNote 1 - ﬁepth ol sverage erest to valley is the sum of the -
outside dinmeters of the two adjoining crests dwided by twe,
minus the ontside dmmeter of the vailey, :

63

64

: Dep ' epta = _©D),

MODh
: 2 e
o Notez Ratm efdxst.mee between crats (o depth is; . o
AR A 12 B

Deps.h (per Note 1)

Bucﬂes wtuch excecd the abeve tolarances wﬂl §

. be subjected to corrective actwn to brmg them

th‘mn toler:mce o
TeA

Ifo;mratmg condztmns require hghtcr tolcrancés '

on buckles, it may be necessary touse larger -

- radii, heavier pipe walls ora sp»clﬁc bendmg

.- g satisfactory. degree of quahty, the Pipe .o

o process '

To determine what bends can be pmduced mth

__ Fabrication lnstitute has conducted studies on - -
- carbon steel and low alloy steel hot bends to -

determine minimurm recommended bead rachi '

... for various ratios ¢f outside diameters to Wi ™

n thickness. The resulting ‘bendmg range

_\__,_

" determined by these stadies for each of the

bending processes is shown in Figm'e 6 5.1 and

652 G

e




I BENDS i THIS AREA ARE SUBJECT .
TO SPEGIAL CONSIDERATION

BENDING: RANGE / N

:"B_EN_I_J RADIUS (R/Dn) - T

0l 10 20 .30 .40 86 60 70
" DIAMETER TO WALL THICKNESS RATIO (Dn.f'['}

FIGURE 6.5.1 )
_ FURNACE BENDING RAN_GE :
7 : '
" DENDING RANGE 3
5 I
= 4 T
= i i
: v
o3 ‘
= /5
’:’ -4 2
% 1 - 5 i
i oo
.0 ;

Q 255G 75 100 125 150
DIAMETER TO WALL THICKNESS RATIC {Dnftn}

FIGURE .52
INDUCTION AND 14 CPWMENTAL BENDING RANGE

6.6 Two cxamples are ziven for the determnation of
- minimum recommended wall thickness and
bending radius cambmaﬁons fnr a given pipe
B ulZu .

E _Example A Dctem}me mindmum pcmsmble

tending radius required for furnace

bending 12"-Extra Strong carbon
steel pipe per ASTM A 106-Grade

(1} Determice the diameter to wall thickness
ratio. 12" X-Sig. is 12.73" G.D. with 2 800"
norainal wall. Under ASTM A 106, the
mininnan wall is 428", Therefore Du/T =
12.75/.438 = 29 1.

6.7

(T e

(A E

o {(Reaffinmzd W7

(2‘ ]:ntcr 29.1 on the Dn/T axis of F1gure 6.5. 1
and move vertically to the mtersechon with.
the bending range boundary L

(3). Then move horizontally to determizie thf:
" minimum recommended radius to diameter
" ratio which equals approximately 4.3, For: -
- practical purposes, bending radii are seldom--
expressed in terms of fractional numbers, .
- _butrather in terms of whole mtcgers :
multiplied by the nominal pipe size. Hence;
‘. - - the recommended bendmg radlus wouid bc

L 5x%12=60"" - :

- Determine the minimum -
. permissible wali thickness reqmred
;- for mduction bending. 22" G.D, _
" carbon steel pipe per ASTM A 53

Grade B at a 3D bend radius.

(1) Entcr 3 on the R/Dn axis of figure 6.5. 2 and
move horizonially to the intersection mth
 the bending Tange boundary. - :

Example B:.

{2} Then move vertdeality to dctermme the
minimum recomynended diameter to wall
thickness rztic which equals approximatcly
45. 5. Do/tn =45 ortn = Dn/45 2/45=

ABS".

Figure 6.5.1 is based on extensive experience in
fumace bending carboa and low alloy steel pipe.
Since stainless and non-ferrous materials have

. higher coefficients of »xpansion than carbon and

low alloy steels, a greater reduction in the density
of the sand fill ocours as these materials are being
heated to the bending temperature, As a result, the
sand fill does not provide the same rigidity

- against fiattening and buck ing as it does when ! 3
“carbon or low alloy steel pipe 1s being bent. |

Because of this fundamenta! difference, special

-consideration must be given to the selection of the

. minimum bending radius by the design engineer.

6.8

Cold bending ranges can vary significantly with
the process and degree of spesialized tool used.

‘Figure 6.8.1 can be used to select the type of bcnd
or the process requited.
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i TABLE 722 -,
s : INDUCTION AND INCREI\IENTAL BENDING

iy ‘/é i Bend: " Minimum Thickness~
B =T o "Radinus = Priorto Bending -
- g e .
188 | 6n 1.06 tm
f= S h . X
- . DRE) i 5Dn 1.08 i
3 2 = 3 -4Dn <. 0 Li0m
G i o 3Dn  lLl4wm
2.8 ! i . : . 2dn 1.22 i
Lrie Qoo 280 50 TS - 190 125 . 185G Ceel ISDn : - 1.30 tm
- DIAMETER TO WALL THICKNESS RATIO (Dntn} _ ' < ‘ . '
'FIGURE 6.8.1 C S ~TABLE 7.2.3
COLD BEND]NG RANGE _ L s . ROTARY DRAW BENDING
7 Materlal Allowances ST Bend " Minimum Thickness g
di Prior to Bending . :
7 1 The following recommendations for material o Ra o _ oF ‘ encing , —
allowances will vary with the bending method, E 6Dn 1.09 tm
material, pipe size, bend radins and the bend 7 sDn 1'1 4t
fabricator's equipment. It is suggested that the ' 4Dn 1.90 tm
purchaser contact the fabricator for specific 3Dn _ 128 im
information. .
| TABLE 7.2.4
7.2 Tocompensate for wall thinning from bending, AND ROL T
Tables 7.2.1, 7.2.2, 7.2.3, and 7.2.4 can be used - - kM HL BENDING
as a guide for ordering pip: for the appropriate Bend Minimum Thickness
. process. Experience indicates that the minimuom . . Prior to Bendi
thickness of siraight pipe shown it the tables Radius rior to Bending
should be sufficient to meet the minimum \

: 6Dn .08 tm
thickness requirements after bending. s $Dn i 10 tm.
Interpolation is permissible for bending to : 4Dn 113 tm
itermediate radii. iDn - 1'17 tm

7.3 Since the start of the bend is somewhat dependen

FUﬁ}TJAB I]::]: 7.2.1 on factors not completely within the control
_ ACE BENDING the bender, some additional {ength must be awwcd
- . - L S : - .——-—{o-insure that-overall center-to-end dimensions -
| Bend Minimum Thickness can be met. To compensate for this factor, the
. Radius Prior to Bending purchaser shouid add 6 inches to the total of the
: D 1.66 m rcquir;d straight tangcnt. lengths, - :
23 - }?ﬁ m 7.4 Because induction heated bends are produced
A4 tm under pressure, a compression of the material

b _ 1.25tm takes place which results in more footage of

~ siraight pipe being required than that determined
from the developed length. To provide for this
compression the purchaser of induction bends
should add 5% to the theoretical arc length. The
compression of the material may leave a hump, o
burap, at the beginning of the bend on the inside
radius which is not detrimental to the bend.



 DIAMETER T WALL THICKNESS RATIO (Dnfn)

FIGURE 681 -
| COLD BENDING RANGE

7 Materlal Allowances

7 1 The following recommendations for material
.. a2llowances will vary with the bending method,
material, pipe size, bend radius and the bend
~ fabricator's equipment. It is suggested that the
" purchaser contact the fabricator for spec1ﬁc
information.

7.2 To compensate for wall thinning from bending,
o Tables 7.2.1,7.2.2,7.2.3, and 7.2 .4 can be used
as a guide for ordering pipz for the appropriate
- process. Experience indicates that the minimum
thickness of straighr pipe shown int the tables
should be sufficient to meet the mininnurms
- thickness requitements after bending,
Interpolation is permissible for bendmg to

intermediate radii.
TABLE 7.2.1
FURNACh BENDING
Bend ' Mlmmum 'I'h_lckness
Radius Prior to Bending
6D 1.06 tm
5D o 168t
4D 1.14 tm
3D - 1.25tm

o 25 50 75 100 125 150

PFI Standm:d ES 24

- (Revised 1992}
(Reaffirmed 1998}
S TABLE 7. 2 2 : Vi,
INDUCI'ION AND INCREMENTAL BENDING
... Bend . - Minimum Tthk'ﬂ_CSS_ _
~Radius ~ Pdor to Bending . -
6dn  1.06m
" 5Dn . 1.08 tm
4Dn- "1.10tm
3Dn 1.14tm
2D : 122w
15Dn 1.30tm
.~ TABLE723 .
- ROTARY DRAW BENDING -
Bend " Minimum Thickness _ —\
Radius - Prior to Bending N
" 6Dn 1.09 tm '
SDn _ Lldtm
4Dn : 120 tm
3Dn ' 1.28 mm
TABLE 7.2.4
RAM AND ROLY, BENDING
Bend Minimum Thickness
Radius Prior to Bending
6Dn 1.08m
5Dn 1.10 tm
4Dn _ 1.13 tm
3Dn ~ Li7tm

7.3 Since the start of the bend is somewhat dependent
on factors not completely within the control
© the bender, some additional length must be awwzd

40 insure that-overall center-to-end dimensions

can be met. To compensate for this factor, the
purchaser should add 6 inches to the totalof the
rcqmred straight mngcnt lenpthas, ‘ :

7.4 Because mductlon heated bends are produced
under pressure, a compression of the material
takes place which resuits in more footage of
straight pipe being required than that determined
from the developed length. To provide for this
compression the purchaser of induction bends
should add 5% to the theoretical arc length. The
compression of the material may leave a hump, o1
bump, at the beginning of the bend on the inside
radius which is not detrimental to the bend.
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Nominal pipe size 1" thra 2" -1 2¥" thru 314" 4" thru 48"
Pulling Eud R g" - 2D (10" min)
Tiolding End e g 15D (10" min)
| Tanpent Between Bends (Tm) 6" 9" 1D (12" min)*
*Note: 9" min for 4" pipe. 10" min for 5" pxpe : ' ' '

' TABLE 7 5.1 ' '
- MINIMUM TANGENT. LEN GTHS FOR FURNACE BENDS

7.5 Tn order to produce a bend properly, minimum
', straight tangents are required on both ends of the
. " arc for holding and/or pulling purposes. S
.. Characteristic minimum tangent lengths for the
' vatious processes are given in Tables 7.5.1,7.5.2,
- i- and 7.5.3. Definition of these tangent lengths can
" be seen in Figure 7.5.4, Minimum tangent lengths
% " 'required for incremental bending should be -
.. obtained from the fabricator. Longer tangents "~
.- should be utilized wherever possible and should
“be considered in the piping design. In cases where
* tangents must be kept short, it should be realized

L . FIGURE 7.5.4
.. that an out-of-round condition may exist at the  TANGENT LENGTIS
. pipe ends. : ' . :
(\g . 8. Material Requirements for Hot Beuding
o Nominal Pipe Size 2" thru 24" | 26" thru 66" : .
' Front Tangent ‘ O+ 6" OD+ 6" _ 8.1 Pipe to be bent should be protected from the .
Rear Tangent T 73 132" . " contamination of banmful materials such as the .
1 Tangent Between Beads (1) 24" 60"  low meltmg tcmpe:ramrc ailoys of C(}ppc:{ brass
R o -'andlcad - w
B  TABLE752 - R - ' B
- MINIMUM TANGENT LENGTHS -~ . - 82 Stainless steel plpe suspected of bemg
+ FOR INDUCTION BENDING - " contaminated with ferrous metals or other
R : : harmful mmaterials should be cleaned prior to
Nomimal ?lpe Size 1" thru 10" bendmg t remove the contaminants.

g Front Tangent : 2XD o :
o Rear Tangent ‘ 3XD - .. 83 Stamless stu:l pipe should be furnished mthe
e Tangent Between Bends (Tm) XD soluuon mealﬁd condition.

TABLE 7.5.3

o ] Mmmum TANGENT LENGTHS FOR COLD BENDING.

S

[t



