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FUNCTION OF PIPING ENGINEERING

THE FUNCTION OF THE PIPING ENGINEERING IS TO APPLY KNOWLEDGE OF
FLUID FLOW, STRESS ANALYSIS. MATERIAL PROPERTIES. ENGINEERING
JUDGEMENT AND CONVERT THE PROCESS ENGINEER’S SPECIFICATION_INTO
DRAWINGS AND DATA FROM WHICH MATERIALS CAN BE_PURCHASED
FABRICATED AND ASSEMBLED INTO PIPING SYSTEMS WHICH FULFIL THE

REQUIREMENT OF THE PROCESS.

THIS MUST BE FULFILLED AT THE MINIMUM DESIGN COST WITHOUT

SACRIFICING THE QUALITY AND DESIRED FUNCTION, THE PIPING SYSTEM

WILL OPERATE WITHOUT PHYSICAL FAILURE OR EXCESSIVE PRESSURE
LOSSES FOR THE ENTIRE SPAN OF DESIGNED PLANT LIFE.




Plant Layout



Plant Layout

A Process plant, which consist of the various different sections such as raw material
storage, intermediate and finished product storage, process units, control rooms,
Flare system, Raw material loading and uploading facilities, utilities generation and
distribution etc. should be arranged so as to follow the general route of the raw
material to process, to Intermediate/Finished product storage, to dispatch.

Generally block concept is prevalent for the plant layout where in the entire plot area
is divided into blocks. The size of the blocks depends upon the facilities to be
accommodated.

Following points are to be considered while locating the blocks .

* Process unit block shall be centrally located with straight approach from the
main gate.

« The blocks shall be so arranged considering the prevalent wind direction that
flammable gases should not be carried by the wind on to source of ignition.

« Utility blocks shall be located adjacent to unit blocks.

» Flare shall be located upwind of process units so that the inflammable gas from
plant is not carried towards flare.

« Equipment requiring frequent maintenance shall have easy accessibility.



Pipe Fittings Classification
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VALVE CLASSIFICATION BASED ON FUNCTION
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© In any plant various fluids flow through pipes
from one end to other.

TANK-2 _
% Now let us start with a plant where we see

three tanks.

Tank-1, Tank-2 and Tank-3

We have to transfer the content of Tank no. 1
~— 1 to the other two tanks.

We will need to connect pipes to transfer the
fluids from Tank-1 to Tank-2 and Tank-3

LET US BRING THE PIPES.

TANK-1 This is the plane white sheet we
start with

Let us start drawing a simple
piping system O

L

TANK-3
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To solve these
problems we need the
pipe components,
which are called

PIPE FITTINGS

We have just brought the
pipes, now we need to solve
some more problems. N

Pipes are all straight pieces.

1

i We need some
branch

I connections

1

I We need some

I [ ]

i bend connections




These are the pipe fittings,

There are various types of fittings for various
purposes, some common types are -

Elbows/Bends, Tees/Branches,
Reducers/Expanders, Couplings, Olets, etc.

B REDUCER

i Anyway, the pipes and
Mi fittings are in place, but the

i ends are yet to be joined i ‘ TEE /

i with the Tank nozzles.

We now have to complete the sy
end connections. These, in
piping term, we call

o PR TERMINAL CONNECTIONS.

TANK-3




So far this is a nice arrangement.

But there is no control over the flow from
Tank-1 to other tanks.

We need some arrangement to stop the
flow if needed

REDUCER

These are flanged ,
joints
"This 1s 3 welded joint | 9. ™

| / FLANGE
N

To control the flow in a pipe
(- line we need to fit a special
ELBOW component.

TANK-3

* > | That is called - VALVE




There are many types of valves, categorized
based on their construction and functionality,

Those are - Gate, Globe, Check, Butterfly, etc.

< 8 VALVE
//———\ \ REDUCER

TEE
v
TANK-1
- FLANGE
z ﬂ -/*  Other than valves another |
N\~ AL important line component of pipe
AN line is a filter, which cleans out
tj ELBOW derbies from the flowing fluid.
TANK-3

This is called a STRAINER




Here we see a more or less functional piping
- system, with valves and strainer installed.

TANK-2

Let us now investigate some aspects of pipe
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When some fluid is flowing in a pipe we
may also like know the parameters like,

pressure, temperature, flow rate etc. of the
fluid.

To know these information we

ELBOW need to install INSTRUMENTS in
the pipeline. | TANK=3



Next we shall There are various types instruments to measure various
parameters. Also there are specific criteria for
installation of various pipe line instruments.

look into how to

SUPPORT the -

ipe/and it’s
pipe/ TANK-2
components.
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TURN-BUCKLE
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Here are some of the pipe supporting

- arrangements. There can be numerous variants. All
TANK-2 depend on piping designer’s preference and |
GE&Pjudgement.
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Let us see some OTHER types of supports
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Stress Analysis



Objective

Pipe stress analysis provides the necessary techniques for
engineers to design piping systems without overstressing and
overloading the piping components & connected equipment.

A) To limit the stresses in the piping system to the limiting value.

B) To limit the deflection in the piping system to the limiting
value.

C) To limit the loads on nozzles of connected equipment.
D) To limit the loads on supports.

E) To check for leakage at flange joints.

F) Unintentional disengagement of pipes from supports.

G) Excessive displacement .



Requirements of supports in piping system are:

« To carry the weight of the pipe, fittings, valves with / without insulation,
with operating / test fluid.

 To provide adequate stiffness to the piping against external loads such
as wind load, ice, snow, seismic load etc.

» To avoid overstressing of the piping material.
« To avoid of sagging of pipe which creates draining problem.
« To control the thermal expansion / contraction in desired manner

« Towithstand and dampen vibration produced by connected equipment
such as pump, compressor etc.



LOADS ON PIPING
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STEPS IN STRESS ANALYSIS

Selection of Critical Lines

l

|dentification of Loads
DWV,Pressure, Thermal etc.
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NoJ
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Type of Supports

Hanger / Support

To sustain the dead
weight of the piping
system.

Types

* Rigid Hanger

« Spring Hanger
* Variable

e Constant
* Shoes
* Trunnions

Supports
Restraint Vibration Absorbers
To restrict the

movement due to
thermal /  dynamic
loading

Types
Anchor

* Guide

* Directional Anchor
« U Clamps

e Struts

To restrict the movement
due to vibration caused by

wind,
flow.

earthquake,

Types
* Snubbers

* Sway Brace
« Hold down

fluid




Familiarization with Stress symbols

I o |

Rest  Axial stop/Directional Stop Anchor

pring Hanger

I Rest

W
T'\

Resting and Guide ~ /\

Global Co-ordinate System
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MATERIAL GROUP



Basis For Materials Selection

Materials of construction are selected and corrosion allowances are
determined on the basis of anticipated corrosion or material
degradation under the most severe combination of process variables
(e.g., stream composition, velocity, temperature and pressure) resulting
in sustained maximum normal operating conditions.

Appropriate temperature and pressure margins should be added to
the sustained maximum normal operating conditions to determine the
design conditions upon which the high temperature mechanical
design is based. Typically, these margins are up to +50F (28C) above
operating temperature and up to +10% of the operating pressure (up
to a maximum of 50 psi (0.35 MPa)).



MATERTALS SET ECTION DIAGRAM LEGEND

TYPICAL CORRESPONDING ASTM MATERIAL SPECIFICATIONS AND GRADES ™
COMMON UNS NUMBER
LEGEND NAME = PLATE FORGINGS™ TUBING FIPE FITTINGS CASTINGS
CAST IRONS
cl Cast Iron F10006 -—- A48, A278
ol Ferritic Ductile Iron F32800 AT16, AT46 -— A395
Ni-Resist Ni-Resist* F41000 -— A436 Tp 1®
Type 1
CARBON AND LOW ALLOY STEELS
CS Carbon Steel® A285 A266 ATTS (smls) AS3 GrB A105 A216
A516 Cl1,20r4d A214 (wid) A106 Gr B, A234 GrWPB
(smls)
AP 5L*=
LTCS Low Temp Carbaon A516 A3E0 A334 A333 A350 GrLF1 A352 Gr
Steel™ GrLF1ar2 Grloré Gr1or6, or 2 LCA, BorC
(smls) A420 Gr
WPL &
1Cr 1Cr-112 Me K11562 A38T Gr12 A336 CIF12 A213 GrT12 A335 Gr P12, A182 Gr F12 ®
(smls)
1-1/4 Cr 1-1/4Cr-1/2 Mo K11597 A387T Gr 1 A336 CIF11 A213GrT11 A335 Gr P11, A182 Gr F1 AZ21T Gr WG
(smls) A334 Gr
WP11
2-1/14 Cr 2-1/4Cr-1Mo K21590 A38T Gr 22 A336 Cl F22 A213 GrT22 A335 Gr P22, A182 Gr F22 A21T Gr WC9
(smls) A234 Gr
WP 22
5Cr 5Cr-1/2Mo K41545 A38T7 Grb A336 CIFb A213GrTh A335 Gr P5, A182 Gr F5 A217 Gr C5
(smils) A234 Gr WPS
9Cr 9Cr-1Mo A3BT Gr9 A336 CIF9 A213GrT9 A335 Gr P9, A182 Gr F9 AZ217 GrC12
(smils) A234 Gr WP9
8Cr-v 9Cr-1Ma-V A3ET Gr 91 A336 CIFo91 AZ13 Gr T91 A335 Gr P91, A182 Gr F91 -
(smls) A234 Gr
WPS1




TYPICAL CORRESPONDING ASTM MATERIAL SPECIFICATIONS AND GRADES ™

COMMON UNS NUMBER
LEGEND NAME & PLATE FORGINGS® TUBING PIPE FITTINGS CASTINGS

FERRITIC AND MARTENSITIC STAINLESS STEELS
12 Cr Ferritic or Martensitic A240p102n - A268 Gr Tp 405 -— A217 Gr CA1E

12Cr $40500 Tp405 410 A48T Gr CA15,

$41000 410 CAGNM
S41008 4108

AUSTENITIC STAINLESS STEEL
304 55 Type 304 S5 $30400 A24012 A336M A213, (smls)'" A312, (smls)™ | A182 A35112CF3
304L S5 Type 304L S5 $30403 A249, (wid)™ A358, (wid)™ | A4030m GrCF3
316 55 Type 316 55 $31600 A24pm2 A336M A213, (smls)™ A312, (smls)™ [ A18200 A3512CFaM
316L 58 Type 316L 55 531603 A249, (wid)™ A358, (wid)" | A403™ GrCF3M
321 88 Type 321 88 $32100 A240ME A336"" A213, (smis)™ A312, (smis)™ | A1g2!" e
321H 85 Type 321H S5 $32109 A249, (wid)™ A358, (wid)"™ | A4030"
347 58 Type 347 53 $34700 A24p13 A336M A213, (smls)™ A312, (smis)™ | A1827" A351% Gr CFBC
347H SS Type 347H S5 $34708 A249 (wld)™ A358, (wid)" | A403™
DUPLEX STAINLESS STEEL
Alloy 2205 2205 531803 A240" A182 Gr &1 ATB9"™ AT90™ A182 Gr 51

Duplex 55
Ferralium Ferralium 255 §32550 A240"2 -- ATEG AT90" - ---
CD-4MCu CD-4MCu 183370 - - A351%% Gr

CD-4MCu
SUPER STAINLESS STEELS AND NICKEL ALLOYS
254 SMO™ 254 SMO S5 $31254 A24p12 A182 Gr F44 A249" A3120 A4030
3105 55 Type 3103 55 $31008 A240% A182 Gr F310 A249 Gr Tp A312 Gr A403 WP 310
Tp 3105 3108 Tp 3108
Alloy 20 20 Cb-3 NOB020 B4g30 B462 B4651" B4G4"® B366 WP A351023 Gr
20CE CN7M

AL-GXNIS AL-6XN NOB367 BEBBIES BG4S BET6, (wid)"® B675, (wid)'® | B366 WPEXN

BE&90, (smls)"™

BBI0, {smis)'®




TYPICAL CORRESPONDING ASTM MATERIAL SPECIFICATIONS AND GRADES ™

COMMON UNS NUMBER
LEGEND NAME i PLATE FORGINGS® TUBING PIPE FITTINGS CASTINGS
Sanicro 28™ Sanicro 28 NOB028 BT09 BGEE, (smls) - ---
Alloy 800 Alloy 800 ND2800 B40gIE=) B564® B163, (smls)"® B407, {smls)™ | B366 WPNIC
Alloy 825 Alloy 825 N08825 B424 ) B5641® B163, (smls)"® B423, (smis)'"® | B366
WPNICMC
904L S8 904L S§ N08904 BE25062) - BETT, (smls)™® B677, (smls)™®
BET4, (wld)"® BET3, (wid)'®
Alloy 600 Alloy 600 NOBEOD B1680E3) B5641 B163, (smls)"® B167, (smls)'® | B36E WPNC1 A494 CY-40
B516, {wld) B517, (wid)
Alloy 625 Alloy 625 NDBE25 B443 B5641® 5444, (smls) B444, (smls) B366 A494 CW-BMC
WPNCMC
Alloy C276 Alloy 276 N10276 B575 B564 BE22, (smls)"® B622 (smls)™ | B366 A494 CW-2M
B619, (wid)™ | WPHC276
Alloy G221 Alloy C22 N0B022 B575 B5641 BE22, (smls)™ B622 (smls'™ B366 WPHC22
B619, (wid)™®
Alloy 400 Monel 400 ND4400 B127% B564 B163, (smls)™ B165, {smls)™ | B366 WPNC A494 M-35-1
Alloy 200 Nickel 200 N02200 B1621 - B163, (smls)™ B161, {smls)™ | B366 WPN Ad494 CZ100
COPPER ALLOYS
Admiralty Admiralty Brass C44300 B17 106 - B111, [smls)“_'si — -
B395 (smls)™
Naval Brass Naval Brass C46500 B1711 - -
70/30 Cu/Ni 70/30 Cu/Ni C71500 B171"=" - B111, (smls)™ B467, {smls)"™ B369 UNS
B395, (smls)™ BG0S, (wid)"™ C96400
80/10 Cu/Ni 90/10 Cu/Ni C70600 B1710 - B111, (smls)™® B467, (smls)™ B369 UNS
5395, (smls)™ B608, (wid)™ C96200
OTHER ALLOYS
Ti-2 Titanium Grade 2 RE0400 B2&5 Gr 2 B381 GrF-2 B338 Gr2 B337 Gr2 B367
Ti-12 Titanium Grade 12 RE3400 B265 Gr 122 | B381 GrF-12 B338 Gr 12 B337 Gr 12




MATERIALS SELECTION AS A FUNCTION OF TEMPERATURE
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¥ Forma excessive acale abowe this temperature it exposed to air or ateam.
(1) Weakens by graphitization ot carbides at prelenged temperoture above B50 °F.
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