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8.1 Introduction

The pipesare used for transporting variousfluidslike
water, steam, different typesof gases, il and other chemicals
with or without pressurefrom one placeto ancther. Castiron,
wrought iron, steel and brassarethe materialsgenerally used
for pipesin engineering practice. The use of cast iron pipes
is limited to pressures of about 0.7 N/mm? because of its
low resistance to shocks which may be created due to the
action of water hammer. These pipesarebest suited for water
and sewage systems. The wrought iron and steel pipes are
used chiefly for conveying steam, air and oil. Brasspipes, in
small sizes, findsusein pressurelubrication systemson prime
movers. These are made up and threaded to the same
standards as wrought iron and steel pipes. Brass pipeis not
liableto corrosion. The pipesused in petroleumindustry are
generaly seamless pipes made of heat-resistant chrome-
molybdenum alloy steel. Such type of pipes can resist
pressures more than 4 N/mm? and temperatures greater than
440°C.
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8.2 Stiresses in Pipes

Thestressesin pipesduetotheinternal fluid pressureare determined by Lame's equation asdiscussed
inthe previous chapter (Art. 7.9). According to Lame's equation, tangential stressat any radiusx,

I: 2 r 2 .
o, = p2( I) 2 1+ (03 (I)
()™ = () X
and radial stress at any radius x,
S -1 {1_ (ro)z} (i)
r 2 2 2
(ro) - (ri)_ X . .
where p = Internal fluid pressure in the pipe,

r, = Inner radius of the pipe, and
r, = Outer radius of the pipe.
Thetangential stressis maximum at the inner surface (when x = ;) of the pipe and minimum at
the outer surface (when x =r ) of the pipe.
Substituting the valuesof x=r; andx=r in
equation (i), wefind that the maximum tangential
stress at the inner surface of the pipe,

_ Pl)* + (1))
0 (1)? - (r)?
and minimum tangential stressat the outer surface
of the pipe,

o = 2P()°
M (1)? - (1)

The radia stress is maximum at the inner
surface of the pipe and zero at the outer surface of
the pipe. Substituting thevaluesof x=r, andx=r
inequation (ii), wefind that maximum radial stress
at the inner surface,

Gr(rnax) - p (Compr Ve) Cast iron pipes.
and minimum radial stress at the outer surface of the pipe,
Or(miny =0

Thethick cylindrical formulamay be applied when
(a) thevariation of stress across the thickness of the pipeistaken into account,

(b) theinternal diameter of the pipe (D) islessthan twenty timesitswall thickness (1), i.e.
D/t <20, and

(c) the alowable stress (c,) is less than six times the pressure inside the pipe (p) i.e.
o,/ p<6.

According to thick cylindrical formula (Lame's equation), wall thickness of pipe,

o+ p
Rl [P
-r| (2521

where R = Internal radius of the pipe.

The following table shows the values of allowable tensile stress (o) to be used in the above
relations:

Contents

Top



Contents

Pipes and Pipe Joints ® 263

Table 8.1. Values of allowable tensile stress for pipes of different materials.

SNo. Pipes Allowable tensile stress (,)
in MPa or N/mm?
1 Cast iron steam or water pipes 14
2. Cast iron steam engine cylinders 125
3. Lap welded wrought iron tubes 60
4. Solid drawn steel tubes 140
5 Copper steam pipes 25
6. Lead pipes 1.6

Example8.1. Acast iron pipe of internal diameter 200 mm and thickness 50 mm carries water
under a pressure of 5 N/mm?. Calculate the tangential and radial stresses at radius (r) = 100 mm;;
110 mm; 120 mm; 130 mm; 140 mm and 150 mm. Sketch the stress distribution curves.

Solution. Given:  d, =200 mmor r, =100 mm; t =50 mm; p =5 N/mm?
We know that outer radius of the pipe,
r, =r;+t=100+ 50 = 150 mm
Tangential stresses at radius 100 mm, 110 mm, 120 mm, 130 mm, 140 mm and 150 mm
We know that tangential stress at any radius x,
o =P’ {H (rﬂ _ 50007 {H (rﬂ
()" — () (150)° - (100)

X X
(ro)2 2
=4{1+-2—-| N/mm* or MPa

2

X
.. Tangentia stress at radius 100 mm (i.e. when x = 100 mm),
_ .
o, =41+ (150) =4x325=13MPa Ans.
t1 (100)2
Tangential stress at radius 110 mm (i.e. when x = 110 mm),
~ -
o, =41+ (150) =4x2.86=11.44 MPa Ans.
t2 (110)2
Tangential stress at radius 120 mm (i.e. when x = 120 mm),
_ -
G, =41+ (150" | _ 4% 256 =10.24 MPa Ans.
® (120)2
Tangential stress at radius 130 mm (i.e. when x = 130 mm),
_ .
o, =41+ 8?2;2 =4x233=9.32MPa Ans.
Tangential stress at radius 140 mm (i.e. when x = 140 mm),
_ .
(o) = —+ = X 2. = 0. a ns.
s =41 24518;2 4x215=86MPa A
and tangential stress at radius 150 mm (i.e. when x = 150 mm),
_ -
O, = =+ = X = a .
6 =41 gzgz 4x2=8MPa Ans
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Tangential stress
distribution

Radial stress
distribution

Fig. 8.1
Radial stresses at radius 100 mm, 110 mm, 120 mm, 130 mm, 140 mm and 150 mm
We know that radial stress at any radius x,

p (1)’ [1_«0)2} 5 (100)° {1_«0)2}

(150)2 - (100)2

2

X 2

X

o T W - (h)?

r 2
=4 1—%} N/mm? or MPa
L X
.. Radial stress at radius 100 mm (i.e. when x = 100 mm),
_ .
G, =41~ (150)2 =4x-125=-5MPa Ans.
. (100" |
Radial stressat radius 110 mm (i.e., when x = 110 mm),
_ .
c,=4|1- (150)2 =4x—0.86=— 344 MPa Ans.
L (1107
Radial stress at radius 120 mm (i.e. when x = 120 mm),
N .
Gy=4|1- (150)2 =4x—056=—224 MPa Ans.
L (207
Radial stress at radius 130 mm (i.e. when x = 130 mm),
N .
c,=41- (150)2 =4%x-033=-132MPa Ans.
L (130)7
Radial stress at radius 140 mm (i.e. when x = 140 mm),
_ -
Gs=4|1- (150)2 =4x-0.15=- 0.6 MPa Ans.
L (140)7
Radial stress at radius 150 mm (i.e. when x = 150 mm),
N .
G,=4(1- (150)2 =0 Ans
' | (150)“ |

The stress distribution curves for tangential and radial stresses are shownin Fig. 8.1.
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8.3 Design of Pipes

The design of a pipe involves the determination of inside diameter of the pipe and its wall
thickness as discussed below:

1. Inside diameter of the pipe. The inside diameter of the pipe depends upon the quantity of
fluid to be delivered.

Let D =Inside diameter of the pipe,
v =Velocity of fluid flowing per minute, and
Q = Quantity of fluid carried per minute.

We know that the quantity of fluid flowing per minute,

Q =Areax Velocity = —>< D% xv

oo 210 8

2. Wall thicknessof the pipe. After deciding upon

theinside diameter of the pipe, the thickness of thewall D b -
(t) in order to withstand the internal fluid pressure ( p) j . L - \
may be obtained by using thin cylindrical or thick ="

I '||I'|-||||.'|"';:|'||I‘HI.‘H ‘l
"It_t IR |
II|I|

cylindrical formula.
Thethin cylindrical formulamay be applied when

(a) the stress across the section of the pipe is
uniform,

(b) theinternal diameter of the pipe (D) ismore
than twenty timesits wall thickness (t), i.e.
D/t > 20, and

(c) the alowable stress (c,) is more than six
times the pressure inside the pipe (p),
i.e.c,/p>6.

According to thin cylindrical formula, wall thickness of pipe,

Pipe Joint

p'_D or —pD
2(7»[ 2(7»[ n|

t

where n, = Efficiency of longitudina joint.

A little consideration will show that the thickness of wall as obtained by the above relation is
too small. Therefore for the design of pipes, acertain constant isadded to the aboverelation. Now the
relation may be written as

t= pD +C
20,
Thevalue of constant ‘C’, according to Weisback, are given in the following table.

Table 8.2.Values of constant ‘C’.

Material Castiron Mild steel Zinc and Lead
Copper
Constant (C) in mm 9 3 4 5
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Example 8.2. A seamless pipe carries 2400 m® of steam per hour at a pressure of 1.4 N/mn¥.
The velocity of flow is 30 nVs. Assuming the tensile stress as 40 MPa, find the inside diameter of the
pipe and itswall thickness.

Solution. Given : Q = 2400 m3/h = 40 m®/min ; p = 1.4 N/mm? v = 30 m/s = 1800 m/min ;
0, = 40 MPa = 40 N/mm?
I nside diameter of the pipe

We know that inside diameter of the pipe,

/Q f 40

=113,/ =113,|—— =0.17 m =170 mm

D v 18 Ans.
Wall thickness of the pipe

From Table 8.2, we find that for a steel pipe, C = 3 mm. Therefore wall thickness of the pipe,
pD LCo 1.4 %170

+3=6mm Ans.
26, 2x40 s

t =

8.4 Pipe Joints

The pipesare usually connected to vessel sfrom which they transport the fluid. Sincethelength
of pipesavailablearelimited, therefore variouslengths of pipeshaveto bejoined to suit any particular
installation. There are various forms of pipe joints used in practice, but most common of them are
discussed below.

1. Socket or a coupler joint. The most
common method of joining pipes is by means of a
socket or acoupler asshowninFig. 8.2. A socket is
asmall piece of pipethreaded inside. It isscrewed _—
on half way on the threaded end of one pipe and the
other pipe isthen screwed in the remaining half of
socket. In order to prevent leakage, jute or hempis
wound around the threads at the end of each pipe.
Thistype of joint is mostly used for pipes carrying
water at low pressure and wherethe overall smallness
of sizeis most essential.

2. Nipplejoint. Inthistype of joint, anipple which isasmall piece of pipethreaded outsideis
screwed in the internally threaded end of each pipe, as shown in Fig. 8.3. The disadvantage of this
jointisthat it reduces the area of flow.

[l

Socket
Fig. 8.2. Socket or coupler joint.

Couplet nut

////////////IillL/‘///ﬂ?//?///////////////

Nipple L/
Fig. 8.3. Nipple joint. Fig. 8.4. Union joint.

3. Union joint. In order to disengage pipes joined by a socket, it is necessary to unscrew pipe
from one end. Thisis sometimes inconvenient when pipes are long.

The union joint, as shown in Fig. 8.4, provide the facility of disengaging the pipes by simply
unscrewing a coupler nut.
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4. Spigot and socket joint. A spigot and socket joint as shown in Fig. 8.5, is chiefly used for
pipes which are buried in the earth. Some pipe lines are laid straight as far as possible. One of the
important features of thisjoint isitsflexibility asit adoptsitself
to small changesin level dueto settlement of earth which takes

place due to climate and other conditions.

Inthistypeof joint, the spigot end of one pipefitsinto the
socket end of the other pipe. The remaining space between the
two isfilled with ajute rope and aring of lead. When the lead

solidifies, it iscaulked-intightly.

5. Expansion joint. The pipes carrying steam at high
pressures are usually joined by means of expansion joint. This
jointisused in steam pipesto take up expansion and contraction

of pipe line due to change of temperature.

Lead
— Rope

Spigot | Socket

Fig. 8.5. Spigot and socket joint.

In order to allow for change in length, steam pipes are not rigidly clamped but supported on
rollers. Therollersmay be arranged on wall bracket, hangersor floor stands. The expansion bends, as
shown in Fig. 8.6 (a) and (b), are useful in along pipe line. These pipe bends will spring in either
direction and readily accommodate themselves to small movements of the actual pipe endsto which

they are attached.

(a)

Fig. 8.6. Expansion bends.

Stay bolt
V77

(== =)

WX =

Fig. 8.7. Expansion joints.

(b)

The copper corrugated expansion joint, as shown in Fig. 8.7 (a), is used on short lines and is
satisfactory for limited service. An expansion joint asshown in Fig. 8.7 (b) (also known as gland and
stuffing box arrangement), isthe most satisfactory when the pipesare well supported and cannot sag.
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6. Flangedjoint. Itisoneof the most widely used pipejoint. A flanged joint may be madewith
flanges cast integral with the pipes or loose flanges welded or screwed. Fig. 8.8 shows two cast iron
pipes with integral flanges at their ends. The flanges are connected by means of bolts. The flanges

— Iy f— Flange

=

N
N

VA

nE=
b, /////////////////%

W/ N\

Packing

(a)
Fig. 8.8. Flanged jaint.

have seen standardised for pressures upto

2 N/mm?. Theflange faces are machined _
to ensure correct alignment of the pipes.
The joint may be made leakproof by
placing a gasket of soft material, rubber

or convass between the flanges. The -
flanges are made thicker than the pipe
walls, for strength. The pipes may be
strengthened for high pressure duty by
increasing the thickness of pipe for ashort 1 L
length fromtheflange, asshowninFig. 8.9. Fig. 8.9. Flanged joint.

For even high pressureand for large

diameters, the flanges are further strengthened by ribs or stiffnersas shown in Fig. 8.10 (a). Theribs
are placed between the bolt holes.

1,

AN

Ribs

(a) Flanges strengthened by ribs. ' (b) Screwed flange.
Fig. 8.10

For larger size pipes, separate |oose flanges screwed on the pipes as shown in Fig. 8.10 (b) are
used instead of integral flanges.
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7. Hydraulic pipejoint. Thistypeof joint hasoval flanges and are fastened by means of two bolts,
as shown in Fig. 8.11. The oval flanges are usualy used for small pipes, upto 175 mm diameter. The
flangesaregenerally cast integral with the pipe ends. Such jointsare used to carry fluid pressurevarying
from 5to 14 N/mm?. Such ahigh pressureisfound in hydraulic applicationslikeriveting, pressing, lifts
etc. The hydraulic machines used in these installations are pumps, accumulators, intensifiers etc.

a Packing

Fig. 8.11. Hydraulic pipe joint.

8.5 Standard Pipe Flanges for Steam

ThelIndian boiler regulations (1.B.R.) 1950 (revised 1961) have standardised all dimensions of
pipe and flanges based upon steam pressure. They have been divided into five classes as follows:

Class| : For steam pressures up to 0.35 N/mm? and water pressures up to 1.4 N/mm?. Thisis
not suitable for feed pipes and shocks.

Class|| : For steam pressures over 0.35 N/mm? but not exceeding 0.7 N/mm?.
Class|11 : For steam pressures over 0.7 N/mm? but not exceeding 1.05 N/mm?,

Class |V : For steam pressures over
1.05 N/mmn? but not exceeding 1.75 N/mm?.

Class V : For steam pressures from
1.75 N/mm? to 2.45 N/mm?,

Accordingto|.B.R., itisdesirablethat
for classes|l, 111, IV and V, the diameter of
flanges, diameter of bolt circlesand number
of bolts should be identical and that
difference should consist in variations of the
thickness of flanges and diameter of bolts
only. The I.B.R. also recommends that all
nuts should be chamfered on the side bearing
on the flange and that the bearing surfaces
of theflanges, headsand nuts should betrue.
The number of boltsin all cases should bea
multiple of four. Thel.B.R. recommendsthat for 12.5 mm and 15 mm bolts, the bolt holes should be
1.5 mm larger and for higher sizes of bolts, the bolt holes should be 3 mm larger. All dimensionsfor
pipe flanges having internal diameters 1.25 mm to 600 mm are standardised for the above mentioned
classes (I to V). The flanged tees, bends are a so standardised.

e ™ s

The Trans-Alaska Pipeline was built to carry oil across the
frozen sub-Arctic landscape of North America.
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Note: As soon as the size of pipe is determined, the rest of the dimensions for the flanges, bolts, bolt holes,
thickness of pipe may be fixed from standard tables. In practice, dimensions are not calculated on a rational
basis. The standards are evolved on the basis of long practical experience, suitability and interchangeability. The
calculated dimensions as discussed in the previous articles do not agree with the standards. It is of academic
interest only that the students should know how to use fundamental principles in determining various dimen-
sions e.g. wall thickness of pipe, size and number of bolts, flange thickness. Therest of the dimensions may be
obtained from standard tables or by empirical relations.

8.6 Hydraulic Pipe Joint for High Pressures
The pipes and pipe joints for high fluid pressure are classified as follows:

1. For hydraulic pressures up to 8.4 N/mm? and pipe bore from 50 mm to 175 mm, the flanges
and pipes are cast integrally from remelted cast
iron. Theflangesare madeelliptical and secured
by two bolts. The proportions of these pipejoints
have been standardised from 50 mmto 175 mm,
the bore increasing by 25 mm. This category is
further split up into two classes:

(@) Class A: For fluid pressures from
510 6.3 N/mm?, and

(b) Class B: For fluid pressures from
6.3 to 8.4 N/mm?.

The flanges in each of the above classes
may be of two types. Type | issuitablefor pipes
of 50 to 100 mm bore in class A, and for 50 to
175 mm bore in class B. The flanges of type Il
are stronger than those of Typel and are usually
set well back on the pipe.

2. For pressures above 8.4 N/mm? with Hydraulic pipe joints use two or four bolts which is
boresof 50 mm or below, the pipingisof wrought o great advantage while assembling the joint
stedl, solid drawn, seamlessor rolled. Theflanges  especially in narrow space.
may be of cast iron, steel mixture or forged steel. These are screwed or welded on to the pipe and are
square in elevation secured by four bolts. These joints are made for pipe bores 12.5 mm to 50 mm
risinginincrement of 3 mm from 12.5to0 17.5 mm and by 6 mm from 17.5 to 50 mm. Theflangesand
pipesin this category are strong enough for service under pressures ranging up to 47.5 N/mm?.

In all the above classes, the joint is of the spigot and socket type made with ajointing ring of
gutta-percha.

Notes: The hydraulic pipe joints for high pressures differ from those used for low or medium pressure in the
following ways:

1. Theflanges used for high pressure hydraulic pipejointsare heavy oval or squareinform, They usetwo or
four boltswhich is a great advantage while assembling and disassembling the joint especially in narrow space.

2. The bolt holes are made square with sufficient clearance to accomodate square bolt heads and to allow
for small movements due to setting of the joint.

3. Thesurfacesforming thejoint make contact only through agutta-percharing on the small areaprovided
by the spigot and recess. The tightening up of the bolts squeezes the ring into a triangular shape and makes a
perfectly tight joint capable of withstanding pressure up to 47.5 N/mm?2,

4. In case of oval and sgquare flanged pipe joints, the condition of bending is very clearly defined due to
the flanges being set back on the pipe and thickness of the flange may be accurately determined to withstand the
bending action due to tightening of bolts.
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8.7 Design of Circular Flanged Pipe Joint
Consider acircular flanged pipejoint asshownin Fig. 8.8. In designing suchjoints, it isassumed
that the fluid pressure actsin between the flanges and tends to separate them with a pressure existing at
the point of leaking. The boltsare required to take up tensile stressin order to keep the flangestogether.
The effective diameter on which the fluid pressure acts, just at the point of leaking, is the
diameter of acircle touching the bolt holes. Let this diameter be D, . If d isthe diameter of bolt hole
and D, isthe pitch circle diameter, then

D, =D,-d,
.. Force trying to separate the two flanges,
T .
F= Z(D1)2 p ()
Let n = Number of bolts,

d, = Core diameter of the bolts, and
o, = Permissible stress for the material of the bolts.
*. Resistance to tearing of bolts
T

=4 (d.)? 6, xn (D))

Assuming the vaue of d,, the value of n may be obtained from equations (i) and (ii). The
number of bolts should be even because of the symmetry of the section.

The circumferential pitch of the boltsis given by
o = nD,
¢ n
In order to make the joint leakproof, the value of p, should be between 20 \/dT to 30 \/d7 ,

whered, isthediameter of the bolt hole. Also abolt of lessthan 16 mm diameter should never be used
to make the joint leakproof.

Thethicknessof theflangeisobtained by considering asegment of theflangeasshowninFig. 8.8 (b).

Inthisit isassumed that each of the bolt supports one segment. The effect of joining of these
segments on the stresses induced is neglected. The bending moment is taken about the section X-X,
whichistangential to the outside of the pipe. Let thewidth of this segment isx and the distance of this
section from the centre of the bolt isy.

-. Bending moment on each bolt due to the force F

F
= —X
. y (1)
and resisting moment on the flange
=o,%xZ (V)
where o, = Bending or tensile stress for the flange material, and

1
Z = Section modulusof the cross-section of theflange = s X X (tg )2

Equating equations (iii) and (iv), the value of t, may be obtained.

The dimensions of the flange may be fixed asfollows:

Nominal diameter of bolts, d=0.75t + 10 mm

Number of bolts, n = 0.0275D+1.6 ...(D isin mm)
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Thickness of flange, t=15t+3mm
Width of flange, B =23d
Outside diameter of flange,
D,=D+2t+2B
Pitch circle diameter of bolts,
D, =D+2t+2d+12mm

t+t
The pipesmay be strengthened by providing greater thickness near theflanges [equal to 5 ! j

t+t
asshownin Fig. 8.9. The flanges may be strengthened by providing ribs equal to thickness of 2 ! ,

asshowninFig. 8.10 (a).

Example 8.3. Find out the dimensions of a flanged joint for a cast iron pipe 250 mm diameter
to carry a pressure of 0.7 N/mn¥.

Solution. Given: D = 250 mm ; p = 0.7 N/mm?
From Table 8.1, we find that for cast iron, allowable tensile stress, 6, = 14 N/mm? and from
Table 8.2, C = 9 mm. Therefore thickness of the pipe,
(= p.D tCo 0.7 x 250
20, 2x14

+ 9=15.3say 16 mmAns.

Other dimensions of aflanged joint for a cast iron pipe may be fixed asfollows:
Nominal diameter of the bolts,
d=075t+10mm=0.75%x 16 + 10=22 mm Ans.

Number of bolts, n =0.0275D + 1.6 = 0.0275 x 250 + 1.6 = 8.475 say 10 Ans.
Thicknessof theflanges, t = 15t+3mm=15x16+3=27mm Ans.
Width of the flange, B =23d=23x22=50.6say 52 mm Ans.

Outside diameter of the flange,
D,=D+2t+2B=250+2x 16+ 2 x 52 =386 mm Ans.
Pitch circle diameter of the balts,
Dp =D+2t+2d+12mm=250+2x 16+ 2 x 22+ 12 mm
=338 mm Ans.
Circumferential pitch of the bolts,
_nxD,  nx338
P T T 10
In order to make the joint leak proof, the value of p_ should be between 20 \/d_l to 30 \/d_l
where d, isthe diameter of bolt hole.
Let ustake d, =d+3mm=22+3=25mm

20,/d, = 20y/25 =100 mm

=106.2 mm Ans.

and 30,/d, = 30./25 =150 mm

Since the circumferential pitch as obtained above (i.e. 106.2 mm) iswithin 20\/d71 to 30\/d7 ,
therefore the design is satisfactory.
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Example 8.4. Aflanged pipe with internal diameter as 200 mmis subjected to a fluid pressure
of 0.35 N/mm?. The elevation of the flange is shown in Fig. 8.12. The flange is connected by means
of eight M 16 bolts. The pitch circle diameter of the boltsis 290 mm. If the thickness of the flange is
20 mm, find the working stress in the flange.

Solution. Given: D=200mm ; p=0.35N/mm?; n=8;* d=16mm; Dp=290mm ;t=20mm

First of al, let usfind the thickness of the pipe. Assuming the pipeto be of castiron, wefind from
Table 8.1 that the allowable tensile stress for cast iron, 6, = 14 N/mm? and from Table 8.2, C=9 mm.

.. Thickness of the pipe,

pD , . _ 035x200

20, 2x14
Since the diameter of the bolt holes (d,) is taken larger than the nominal diameter of the bolts
(d), therefore let us take diameter of the bolt holes,

d, =d+2mm=16+2=18mm

t= +9=115say 12mm

Fig. 8.12
and diameter of the circle on the inside of the bolt holes,
D, = Dp—dlz 290 —-18=272mm
-. Forcetrying to separate the flangesi.e. force on 8 bolts,

F= g (D)% p= % (272)? 0.35= 20340 N

Now let usfind the bending moment about the section X-X which istangential to the outside of
the pipe. The width of the segment is obtained by measuring the distance from the drawing. On
measuring, we get

X =90 mm
and distance of the section X-X from the centre of the bolt,

D
y = _p_(EHj:%O_(&ZOHz):ssmm

2 2
Let o, = Working stressin the flange.
We know that bending moment on each bolt due to force F
=Fy y=¥x33=83900 N-mm ()
n

*  M16 bolt means that the nominal diameter of the bolt (d) is 16 mm.
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and resisting moment on the flange

= cs,o><Z:csb><é><x(tf)2

oy ><%><90(20)2 = 6000 6, N-mm (i)

From equations (i) and (ii), we have
6, = 83 900/ 6000
=13.98 N/mm? = 13.98 MPa Ans.

8.8 Design of Oval Flanged Pipe Joint

Consider an oval flanged pipe joint as shown
in Fig. 8.11. A spigot and socket is provided for
locating the pipeborein astraight line. A packing of
trapezoidal section is used to make the joint leak
proof. The thickness of the pipe is obtained as
discussed previously.

Theforcetrying to separate thetwo flangeshas
to beresisted by the stress produced in the bolts. If a
length of pipe, having its ends closed somewhere
along its length, be considered, then the force

separating the two flanges due to fluid pressure is
given by Oval flanged pipe joint.

1
where D = Interna diameter of the pipe.

The packing has also to be compressed to make the joint leakproof. The intensity of pressure
should be greater than the pressure of the fluid inside the pipe. For the purposes of calculations, it is
assumed that the packing material is compressed to the same pressure as that of inside the pipe.
Therefore the force tending to separate the flanges due to pressure in the packing is given by

T
F, = o x[(0)? - (D] p
where D, = Outside diameter of the packing.
. Total force trying to separate the two flanges,

T 2
F. = —xD“x
2 p

F=F,+F,

T T T
=¥ D?xp+ (D)7 - (D Jp=7 (D)7 p
Sincean oval flangeisfastened by means of two bolts, therefore load taken up by each bolt is
F,=F/2.1f d.isthe core diameter of the bolts, then
T
F, = 2 (do)? oy

where o, isthe allowable tensile stress for the bolt material. The value of 6, is usually kept low to
allow for initial tightening stressin the bolts. After the core diameter is obtained, then the nominal
diameter of the bolts is chosen from *tables. It may be noted that bolts of less than 12 mm diameter

Core diameter
0.84

* In the absence of tables, nominal diameter =
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should never be used for hydraulic pipes, because very heavy initia tightening stresses may beinduced
in smaller bolts. The bolt centres should be as near the centre of the pipe as possibleto avoid bending
of the flange. But sufficient clearance between the bolt head and pipe surface must be provided for
the tightening of the bolts without damaging the pipe material.

The thickness of the flange is obtained by considering the flange to be under bending stresses
dueto the forces acting in one bolt. The maximum bending stresswill beinduced at the section X-X.
The bending moment at this section is given by

F
M =F xe=—xe
b 2

XX
1
and section modulus, Z= oXx b (t;)?
where b = Width of the flange at the section X-X, and

t. = Thickness of the flange.
Using the bending equation, we have

M, =0,Z
b )’
or Fbxe:GbXEX (f)
where o, =Permissible bending stress for the flange material.

From the above expression, the value of t, may be obtained, if b is known. The width of the
flangeisestimated from thelay out of the flange. The hydraulic jointswith oval flangesare known as
Armstrong's pipejoints. The various dimensions for a hydraulic joint may be obtained by using the
following empirical relations:

Nominal diameter of bolts, d =0.75t+ 10 mm

Thickness of the flange, t =15t+3mm

Outer diameter of the flange,

D,=D+2t+46d
Pitch circle diameter, Dp =D, —(3t+20 mm)
Example 8.5. Design and draw an oval flanged pipe joint for a pipe having 50 mmbore. It is

subjected to aninternal fluid pressure of 7 N/mn?. The maximumtensile stressin the pipe material is
not to exceed 20 MPa and in the bolts 60 MPa.

Solution. Given: D = 50 mm or R=25 mm; p = 7 N/mm?; 6, = 20 MPa = 20 N/mm?;
0y, = 60 MPa =60 N/mm?

First of al let usfind the thickness of the pipe (t). According to Lame's equation, we know that

thickness of the pipe,
c;+p 20+7
t=R| | *+—-1|=25| |[—— -1|=11.03 12 Ans.
{\/q—p } {\j20—7 } S Lemm

Assuming the width of packing as 10 mm, therefore outside diameter of the packing,
D, =D + 2 x Width of packing =50+ 2 x 10 =70 mm
-. Forcetrying to separate the flanges,
F =%(Dl)2 p=%(70)2 7=26943N
Since the flange is secured by means of two bolts, therefore load on each bolt,

F, =F/2 =26943/2 =13471.5N
Let d, =Core diameter of bolts.
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We know that load on each bolt (F,),

134715= % (d.)? oy = % (d)? 60 = 47.2 (d,)?
(d)?=134715/47.2=285.4 or d. =16.9say 17 mm
and nominal diameter of bolts,

d. 17
= =——=202 22 mm Ans.
084 084 id

Outer diameter of the flange,
D,=D+2t+46d=50+2x12+4.6x22
=175.2 say 180 mm Ans.
and pitch circle diameter of the bolts,
D,=D,—(3t+20 mm) =180—(3x 12+ 20) = 124 mm
The elevation of the flange as shown in Fig. 8.13 (which is an ellipse) may now be drawn by
taking major axisas D, (i.e. 180 mm) and minor axis as (Dp —d)i.e. 124 -22 =102 mm. In order to

find thickness of the flange (t;), consider the section X-X. By measurement, we find that the width of
the flange at the section X-X, — h——»

b =89 mm
and the distance of the section X-X from the centreline of the bolt,
e =33mm
.. Bending moment at the section X-X,
M, =F, xe=134715x 33 N-mm

d

= 444 560 N-mm
. 1 2 1 2
and section modulus, Z= Eb(tf) =6><89 (ts)
= 14.83 (t)?
We know that M,, =0, xZ

444 560 = 20 x 14.83 (t)? = 296.6 (t)>
(t)? = 444 560/ 296.6 = 1500 Fig. 8.13
or t. = 38.7 say 40mm Ans.

8.9 Design of Square Flanged Pipe Joint

The design of a square flanged pipe joint, as shown in Fig. 8.14, is similar to that of an oval
flanged pipe joint except that the load has to be divided into four bolts. The thickness of the flange
may be obtained by considering the bending of the flange about one of the sections A-A, B-B, or C-C.

A little consideration will show that the flange is weakest in bending about section A-A.
Therefore the thickness of the flangeis calculated by considering the bending of the flange, about
section A-A.
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Packing

> |- ¢
[f

il

Fig. 8.14. Square flanged pipe joint.

Example8.6. Design a squareflanged pipejoint for pipesof internal diameter 50 mm subjected
to an internal fluid pressure of 7 N/mm?. The maximum tensile stress in the pipe material is not to
exceed 21 MPa and in the bolts 28 MPa.

Solution. Given: D = 50 mm or R= 25 mm; p = 7 N/mm?; ¢, = 21 MPa = 21 N/mm?;
6,, = 28 MPa= 28 N/mm?

First of all, let us find the thickness of the pipe. According to Lame's equation, we know that

thickness of the pipe,
t=R| [P _q|oos| (22T 1] _1035 sy 12 mm
G - p 21-7

Assuming the width of packing as 10 mm, therefore outside diameter of the packing,
D, =50 + 2 x Width of packing =50 + 2 x 10 =70 mm
.. Force trying to separate the flanges,

F= E(Dl)2 p:%(m)2 7=26943N
Sincethisforceisto beresisted by four bolts, therefore force on each bolt,
F,=F/4=26943/4=67358N

Let d, = Core diameter of the bolts.
We know that force on each bolt (F,),

6735.8 = g(dc)2 Gy =g (d,)? 28 = 22 (d,)?
(d)? = 6735.8/22=306 or d. =17.5mm
and nominal diameter of the bolts,
d, 175

084 084

The axes of the bolts are arranged at the corners of a square of such size that the corners of the
nut clear the outside of the pipe.

- Minimum length of adiagonal for this square,
L = Outside diameter of pipe + 2 x Dia. of bolt =D + 2t + 2d
=50+ (2x12)+(2x22) =118 mm

d= =209say 22 mm Ans.
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and side of this square,

L 118
W2 V2
The sides of the flange must be of sufficient length to accommodate the nuts and bolt heads
without overhang. Therefore the length L, may be kept as (L, + 2d) i.e.
L,=L,+2d=835+2x22=127.5mm
The elevation of the flange is shown in Fig. 8.15. In order to find the thickness of the flange,

consider the bending of the flange about section
A-A. The bending about section A-A will take
place due to the force in two bolts.

=83.5mm

Square flanged pipe joint.

Fig. 8.15
. Bending moment due to the force in two bolts (i.e. dueto 2F,),
M, = 2F, x%: 2x 6735.8><&2'5 =562 440 N-mm

Water pressure acting on half the flange
=2F,=2x67358=13472N
The flanges are screwed with pipe having metric threads of 4.4 threadsin 10 mm (i.e. pitch of
the threadsis 10/4.4 = 2.28 mm).
Nominal or major diameter of the threads
= Outside diameter of thepipe=D + 2t =50+ 2 x 12 =74 mm
Nominal radius of the threads
=74/2=37mm
Depth of thethreads = 0.64 x Pitch of threads = 0.64 x 2.28 = 1.46 mm
.. Core or minor radius of the threads
=37-146=3554mm
*. Mean radius of the arc from A-A over which the load due to fluid pressure may be taken to
be concentrated

1
= 5 (37+3554)=36.27 mm

The centroid of this arc from A-A
= 0.6366 x Mean radius = 0.6366 x 36.27 = 23.1 mm

.. Bending moment due to the water pressure,
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M, = 2F, x231=2x6735.8x 23.1 =311 194 N-mm

Since the bending moments M, and M, are in opposite directions, therefore
Net resultant bending moment on the flange about section A-A,

M =M, —M, =562 440 — 311 194 = 251 246 N-mm

Width of the flange at the section A-A,

Let

b = L, —Outside diameter of pipe=127.5—74=53.5mm
t. = Thickness of the flangein mm.
Section modulus,

We know that net resultant bending moment (M),

A WD

251246 = 0,,Z =21 x 8.9 (t;)? = 187 (t,)?
(tf)2 = 251246/ 187 = 1344 or t, = 36.6 say 38 mm Ans.

EXERCISES

A cast iron pipe of internal diameter 200 mm and thickness 50 mm carries water under a pressure of
5N/mm?Z. Calculate the tangential and radial stressesat theinner, middle (radius= 125 mm) and outer
surfaces. [Ans. 13 MPa, 9.76 MPa, 8 MPa; —5 MPa, — 1.76 M Pa, 0]

A castiron pipeisto carry 60 m? of compressed air per minute at apressure of 1 N/mm?2. The velocity
of air in the pipeislimited to 10 m/s and the permissible tensile stress for the material of the pipeis
14 MPa. Find the diameter of the pipe and its wall thickness. [Ans. 360 mm ; 22 mm]

A seamless steel pipe carries 2000 mS of steam per hour at a pressure of 1.2 N/mm?2. The velocity of
flow is 28 m/s. Assuming thetensile stress as 40 MPa, find the inside diameter of the pipeand itswall
thickness. [Ans. 160 mm ; 5.4 mm]

Compute the dimensions of a flanged cast iron pipe 200 mm in diameter to carry a pressure of
0.7 N/mm?2,

[Ans.t:20mm;d:16mm;n:8;tf:33mm;B:37mm;D0:314mm;Dp:284mm]

Design an oval flanged pipejoint for pipes of internal diameter 50 mm subjected to afluid pressure of
7 N/mm?2. The maximum tensile stressin the pipe material isnot to exceed 21 MPaand in the bolts 28
MPa. [Ans.t=12mm; d=30mm ; t = 38 mm]

QUESTIONS

Discuss how the pipes are designed.
Describe with sketches, the various types of pipe joints commonly used in engineering practice.
Explain the procedure for design of a circular flanged pipe point.

Describe the procedure for designing an oval flanged pipe joint.

OBJECTIVE TYPE QUESTIONS

Cast iron pipes are mainly used

(a) for conveying steam

(b) inwater and sewage systems

(c) inpressure lubrication systems on prime movers
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(d) all of the above
2. Thediameter of apipe carrying steam Q m3/min at avelocity v m/minis
Q Q
@ (b) \E
T |Q Q
(c) Z V (d) 1.13 \/;
3. When theinternal diameter of the pipe exceeds twenty timesitswall thickness, then .............. cylin-
drical shell formula may be applied.
(@ thin (b) thick
4.  Which of the following joint is commonly used for joining pipes carrying water at low pressure?
(@) union joint (b) spigot and socket joint
(c) socket or acoupler joint (d) nipplejoint
5.  The pipes which are burried in the earth should be joined with
(@) unionjoint (b) spigot and socket joint
(c) coupler joint (d) nipplejoint
6. Theexpansionjoint is mostly used for pipes which carry steam at .............. pressures.
(@ low (b) high
7. The pipes carrying fluid pressure varying from 5 to 14 N/mm? should have
(a) sguare flanged joint (b) circular flanged joint
(c) oval flanged joint (d) spigot and socket joint
8. Anoval typeflangeisfastened by means of
(@) two bolts (b) four bolts
(c) sixbolts (d) eight bolts
9. A flanged pipejoint will be aleakproof, if the circumferential pitch of the boltsis
(@) lessthen 20./d (b) greater than 30./d
(c) between 20V/d and 30+/d (d) equal to one-third of inside diameter of pipe
where d = Diameter of the bolt hole.
10. Theflangesin acircular flanged pipejoint are strengthened by providing ribs between the bolt holes.

The thickness of such ribsistaken as

(@ t (b) t
t— tf t+ tf
© — @ —
where t =Thickness of pipe, and
t, = Thickness of flange.
ANSWERS

1. (b 2. (d) 3. (8 4. (c) 5. (b)
6. (&) 7. (c) 8. (9 9. (¢ 10. (d)
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