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1. THE FUNCTIONS OF PIPING

1.1. INTRODUCTION

The piping or pipe is a network unit which transports a fluid from one type of equipment to
another.

The various transported fluids:
e Incompressible fluids (liquid)
e Compressible fluids (gas)
e Fluids under high pressure
o Mixed fluids: liquid gas / slurries / solids
Flow principles
e Difference in pressure between an upstream and a downstream equipment
e  Pump (liquid)
e Compressor (gas)
e Gravity flow

1.2. PIPING NETWORK

The piping network is a complete network (pipes, valves and other accessories which are
connected to correctly perform a specific job.)

A familiar example of a piping system is the network of water pipes in houses.

This system includes all the components which are needed to bring the water to the house and
distribute it to the various places within it.

The piping systems are essential for the successful operation of any industrial plant. There are
various systems, each with its own function.

For example, the gas oil storage tanks for boiler burners.
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Piping network

1.3. PIPES

Pipes are used mostly to permit fluid flow and must support specifically determined pressure,
compression, and tensile stress.

They must also resist buckling.

1.4. FLANGES

The flanges are used to ensure a detachable and leak-proof connection between two piping units
(piping section, connection on a rotating machine, on a vessel).
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1.5. GASKETS

Placed between 2 flanges, a sealing joint must have the following qualities:
¢ Be sufficiently plastic to absorb surface irregularities.
o Withstand operating pressures without breaking.
e Have enough spring back to permit the flow of the fluid to the outside (leak)

¢ Not be attacked by the transported fluid.

1.6. BLINDS

Blind flanges are installed to isolate a piping section or a storage capacity, each time one needs
to ensure that no leakage will occur.

When shutting down a unit, the plates provide 3 essential functions:
e Sectional (or isolating) blinds.

The blinds are placed at the battery limits of a unit upon shutdown, in order to completely
isolate the unit from the rest of the installations which are still operating.

o Working blinds

They are placed as close as possible to the vessels, the apparatus, and the machines, which
must be inspected, overhauled, or otherwise worked on.

e Testblinds

Their purpose is to isolate and resist the test pressures in the apparatus, during the regulation
tests ordered by the mining or inspection department.

2\

EQUIPMENT PIPING -V 1.0



\

2. PIPING COMPONENTS

2.1. TUBES OR PIPES

2.1.1. CHARACTERISTICS

A tube is defined by its diameter, the thickness of the envelope and the grade of the steel of
which it is composed.

The nominal pipe size expressed according to French or American standards is but a
simple number used to classify the tubes.

INSIDE DIAMETER

>

LENGTH OUTSIDE DIAMETER

s3

WALL THICKNESS

The definitions of a tube

Correspondence in diameters between French standards (AFNOR) and American
(ANSI):

e French nominal pipe size  NPS 50 NPS 100
e Diameter in inches 2" 4"
e True outer diameter 60,3 114,3

In the French standard AFNOR, the thickness is expressed in mm.

In the American standard ANSI, the thickness is defined by the Schedule Number, (According
to the metal) given in the form of a table.

This standard is defined by the American code ANSI B 36-10 for carbon steel according to the
internal pressure (P) and to the allowable stress of the metal at the operating temperature.
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2.1.2. THE VARIOUS TYPES

Three types are distinguished:
e \Welded tubes
Obtained through heat or cold they have a welded joint coefficient. In accordance
with the manufacturing process of the envelope, the weld can be longitudinal (butt
seam tube) or helicoidal (spiral seam tube).

e Centrifuge tubes

Obtained by means of a metal flow in a rotating cylindrical mould, these tubes are reserved
for special steels.

e Seamless tubes
They are mostly used in the oil and petrochemical industry. They are obtained by heating a

steel billet up to about 1250°C, then after a piercing made by a metal pear, the obtained tube
is laminated and calibrated.

2.1.3. THE VARIOUS CLASSES

API: Mainly used for very high-pressure oil applications.
ASME: Standard, frequently used flanges and tubes.
The wellheads are API equipped.

The manifolds are either APl or ASME equipped.

The utilities are usually ASME equipped.
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3. ABBREVIATIONS USED

N

ANSI American National Standard Institute | Ml Malleable Cast Iron
API American Petroleum Institute Mo Molybdenum
ASTM Ameripan Society for Testing and MSS Manufacturers Standardization Society
Materials
BB Bolted Bonnet NPT Threading as per ANSI B.1.20.1
BE Beveled End OS&Y | Outside Screw Spindle and Yoke
Br Bronze PE Plain End
BW Butt Welding PTFE Teflon
CAS Cast Alloy Steel RF Raised Face
CCS Cast Carbon Steel RJ Machined Face for Ring Joint
CS Carbon Steel SAW Submerged Arc Welded
CuNi Copper-Nickel SB Screwed Bonnet
Cr Chromium SF Small Female Face
EFW Electric Fusion Welded SM Small Male Face
ERW Extended Resistance Welded SMLS | Seamless
ES Extended Spindle SO Slip-on
FAS Forged Alloy Steel SP Standard Practice (MSS)
FCS Forged Carbon Steel SPB Split Body
FF Flat Face SS Stainless Steel
F6 Stainless Steel, 13% Cr STD Standard
Gr Grade SW Socket Welding
GRP Glass Reinforced plastic TE Threaded End
HCP Hard Chrome Plated ™ Trunion Mounted
ISRS Inside Screw Riser Spindle TPE Top Entry
LJ Lap Joint WN Welding Neck
LTCS Low Temperature Carbon Steel WB Welded Bonnet
7/\§||. EQUIPMENT PIPING -V 1.0




4. FLANGES

4.1. VARIOUS FLANGES
4.1.1. VARIOUS TYPES OF FLANGES

e Welding neck

Used when NPS >= 2" in most cases (the most resistant)

B
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e Socket welding

Only used for classes 150 and 300 (carbon steel)
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e Threaded
Used for the utility lines, do not use for the process lines.
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4.1.2. THE VARIOUS TYPES OF FACES
o Flatface (FF)
Used for flanges in reinforced iron and plastic (SVR)
|
|
¢ Raised Face (RF)
Used for classes 150 to 600.
NHARN
L :
ZHi / / :
9

D)

(S

EQUIPMENT PIPING-V 1.0




¢ Ring Joint (Grooved for Ring Joint RJ)

Used for classes 900 to 10000.
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4.1.3. THE VARIOUS CLASSES

Class

ASME
Class

Material
(Corrosion
in mm)

Fluid

Temperature

BO1

150 RF

C.S. (1.27)

Hydrocarbons
(corrosion resistant
gas or liquid)
Pressurized drains
Corrosion-resistant
flare gas,

Fuel gas
Gas oll
Diesel
Nitrogen
Oily water
Cooling water
(corrosion
resistant)

Tail water
(corrosion
resistant)
Methanol
Glycol

-29°C to
220°C

DO1

300 RF

C.S. (1.27)

Hydrocarbons
(corrosion
resistant
gas or liquid)
Pressurized drains
Fuel oil (medium
pressure),
Nitrogen (medium
pressure),
Methanol
Glycol

-29°C to
220°C

FO1

600 RF

C.S. (1.27)

Hydrocarbons
(corrosion
resistant
gas or liquid)
Low pressure
hydraulic units
Methanol
Glycol

-29°C to
220°C
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Class

ASME
Class

Material
(Corrosion
in mm)

Fluid

Temperature

GO1

900 RF

C.S. (1.27)

Hydrocarbons
(corrosion resistant
gas or liquid)
Deacidified gas
(HP sweet
gas)
Methanol
Glycol

-29°C to
220°C

HO1

1500 RF or
Hub
Connectors

C.S. (1.27)

Hydrocarbons
(corrosion resistant
gas or liquid)
deacidified gas
(HP sweet
gas)
Injection water
(corrosion
resistant,
degassed sea
water)

MP hydraulic
power unit
Methanol
Glycol

-29°C to
220°C

JO1

2500 RF or
Hub
Connectors

C.S. (1.27)

Hydrocarbons
(corrosion resistant
gas or liquid)
deacidified gas
(HP sweet
gas)
Injection water
(corrosion
resistant,
degassed sea
water)

HP hydraulic
power unit
Methanol
Glycol

-29°C to
220°C
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4.1.4. CHARACTERISTICS

A flange is defined by various elements:

Its type: is in accordance with the use, the stress and both operating pressure and

temperature,

Its diameter: is in accordance with the piping line diameter,

Its face: is in accordance with the sealing joint which will be used,

Its series or its class: it characterizes the capacities to support both pressure and

temperature,

Its material: is in accordance with pressure, temperature and with the resistance to the

corrosion of the transported fluid.

4.1.5. AMERICAN STANDARDS

Since the pipes are classified by “Schedule” the flanges are classified according to the following
standards, in nominal pressures (NP), class or series.

2\
/Y

API (American Petroleum Institute)

ASME (American Society of Mechanical Engineers)
ASME used to be called:

American Standard Association (ASA = 1966).

United States of America Standard (USAS = 1969)

American National Standard Institute (ANSI = 1982).

New names for the ANSI flanges

New name Old name
NP 20 Class 150#
NP 50 Class 300#
NP 100 Class 600#
NP 150 Class 900#
NP 250 Class 1500#
NP 420 Class 2500#

EQUIPMENT PIPING -V 1.0
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Maximum pressure allowed according to ASME standard B16.5

Class Temperature

Psi -29°C to 38°C 260°C 454°C

150 19 bars 10-1355022{8 /

300 496 bars 20.70 k;asris / 300
400 66.2 bars 27.60 k;e;ris /400
600 99 .3 bars 41.40 k;asris /600
900 148.9 bars 62.10 k;asris /900
1500 248.4 bars 10?5%% k;asris /
2500 414 bars 175\%% t;a;ris /

The use of the various classes

Value in Ibs Use
150 Low pressure
300 Intermediate pressure
600 High pressure
900 Very high pressure
1500 Extremely high pressure
2500 Maximum pressure
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Pressure curve according to the series

Steel Flanges
Pressure Ratings vs. Temperature

1000

100

150

10

AMSI B1E.S - Steel Pipe Flanges
Pressure and Temperature Ratings
Group 1.2

Max, Working Prassure (bar)

1
-100 [ 100 200 300 400 500 600

Temperature (°C)

Class

—150 —300 ——a00 &00 500 1500 =—2500

4.1.6. THE FRENCH STANDARDS AFNOR

In the beginning, taking in account the material of the flanges, the series were expressed in NP
(nominal pressure given in bar) in correspondence with the maximum pressure that the assembly
could support, up to a limited temperature of 110 °C.

The values of the standardized NP series were the following:

NP:25-6-10-16-25-40-64-100 - 160 — 250 — 320 — 400 — 640 — 1000

15
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4.1.7. THE VARIOUS TYPES OS ASSEMBLING

Ring type joint facing

s

o

~ Gasket —

Raised Face

Gasket
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Male and female facing

4.1.8. TIGHTENING THE FLANGES

The flanges must be tightened in a very specific order, for good alignment between the two
flanges and for equal squeezing of the gasket, resulting in a tight seal.

4.1.9. TIGHTENING TORQUE

A torque wrench is an adjustable tool, which limits the tightening torque of the screw and
nut so that they may be installed optimally.

The oldest models are fully mechanical and emit a click when the torque (adjustable by means
of a cursor on the wrench) has been reached. The wrench must absolutely be reset before
tightening each time.

Current models no longer need to have the wrench reset.

They now have an electronic part, with a display and a keypad, connected to a strain gauge
which triggers a buzzer to warn the operator when the tightening is sufficient. No need to reset

the wrench, you only need to change the batteries once they are flat.

Example: Usually a tightening torque is expressed in daN.m (1 decaNewton.m = 10 Newton.m).
The nuts of a cylinder head will, for example, be tightened at 9 daN.m

17
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Example of a table with tightening torgues.

B S S0UEp A e e a STy Y0 Tl SR Bon| G T B B L T e Y
D) e T = ua M SOWEHSE 30 TIS00F 1D o ey e ey 0 - 5 U PR T SR v A e TIOG R AT W v Y ST « [ STy ey 050 =4S ‘0L e =y L oy
o O W opE v A [P0 TR P IS T I P ) (W0 TR AR W 0 = Wi A NS W SN0 T R WS v Lol . IR0 0. W WD WY JrEN N0 SO =] SJROrE-UoN = N EG)
66062 | £8ovz | omsel | soosu | eszes | cosos | sseR | suss | wiss | sovv | Give | evez | ecen | oszs | 496 | 200 | wes | ese | oz | s | ss i\ L sh 1 [T
GEIBE | LLIZE | OFTSE | SL9TT | GEEBE | FOVFIL MBI | 9566 | 615L | SO65 | EGCGF | OSEL | EPVE | ©69) 06ZL 956 ge3 biw 10T FEL FiL o5 (=4 oo N oai ETL SV
29uvz | omeor | suesi §oeecel | zesiu | zees | such | vews | ease | siee [ miez [ esiz | Joss [ ceo | uze | eis | eev | 2ee | dew | sn | es | e | o) [0 1 ore
SGIEL | IPVIL | CZVEC | 84t6) | ZZ/0h | GOCZL | 10LOL | GZNE | 0169 | 680G | LERE | LGBZ | BSOZ | Lvwi | Z0ML | ZV8 | GBO | ZOF | Z9Z | @9l 16 iF [ 00 n ore £91 55710
ThIVE | 9616 | viSL | vere | 69es | Sziv | Sbec | sciz | Zaic | SO0Lv | wOEh | Wl | O0Z | cer | esc | vl | 96v | Set | 88 | o5 | et | Sk | £ s 7 e
FLEFL LSEZ1 EL00L 8598 SE0L 0SS EVEF E59E B05E L (<4 BELL FeEL EEG £FD (<5 E3¢ £9¢ 08k bt L4 |3 iz ] (4] N (= il isne
4028 | JBlS | 9vSs | E62b | 688C | FPOC | B69Z | ZZOL | OL94 | SCZ1 | 796 | MM | AAG | BSE | EJZ | ZOZ | ovt | 001 59 W Tz Zk < SLo 1 0i€
FEBOE 0506 mmrﬁh O6ET 588G .-Im.v _.ﬂ._mh 63T | IFIE | EL3) m.m_hhl SEE E-Wﬂww LT .mMm..llumm—nN wm-w EEL 38 mm [43 Ak i ozn ._E 056 STl IS
€099 | vavs | wavw | geme | weeec | oz | svoz | veos | esze | seos | osc | sus | sov | esz | oez | es | um | o8 28 | & & 8 v 51D ] e
pige | 8ozl | voes | veas | ieer | wsze | 2esz | vuvz | zess | eoed | oeod | wa2 | see | oee | eez | mz | se | ol | o2 w 9z £l [ [0 R [ SO WLEY
2/06) | seues | pEsor | 2728 | seos | eews | scor | wiec | 2l | oeez | €98 | socs [ oo0d [ £69 [ s2c | ee | o8z | esi | 921 | o8 ar [ [ [T 1 008 08 #80)
e2isz | Gegie | zacrr | 6seze | seoow | o6 | sres | gizs| ssir | erze| eorz | 628 | EEss | rze | poc | vz | ves | ssz | 13 | s0s z3 [ £l 070 I 08 XONI
£i99 FiFE Ll 5398E SELE S54C ShoE 2SI | 6624 | El0E 547 Bl F B8Z 02z | 2gou oA "IN =510 1 =
] baousscyN| £62 | o0z | orl | pe | 09 | e | 4 [ 4 =10 1 (=3
eeg8 | gecs | #966 | #ORg | iBuk | pugE | 28592 | tusc | 2esd | foEi | GEok | ML | 8GG | cBE | €82 | @0u oA WIN| 0z N [ 02 88810 M
| 330U 325 YIN| 6T BT £6} Imm_ elm i .m o oz .E B5F O I
SEEG BEGF LSEE LEE FEST ST 689k OZEL | 1600 B8 59 BT 05E EFE S8l ZE} &5 i3 ¥F BE 91 8 £ S0 = | 0z 05 B98I0 E
vl | 0£19 | 6005 | e2er | zZeer | 06z | 267z | 92 | wove | ich) | 6s@ | 2ve | JSv | ezc | ovz | Z8) | IEL 05 [ 1E 13 i v az0 AL [T s
oces) [ Zeows | osvil | sess | pzow | sees | esie | vaev | pzee | secz | sess [ eiwe [ ss00 | 62 | £96 | sy [ 66 | s0Z [ v | 68 [ (13 [ 510 ] [ s
FLSEZ | £BIEI L9T%5L | EEVER | SOLOB 08ER 8.8d 8959 | EEVYF | GOFE | BFBZ | EIBL ZZrh S86 0sL 956 65E VIT B4l EL} il ZE ri oz N o3 (PR L 1 ab] W
epeo | core | wezy | siae | tioe [ seez | west [eoci [ tvze | wee | ovs [ cec [ oor [ a2z | mz [ sel |z [ 12 [ 2 el & r 510 1 e d
sors | so0L | szes | svev | wior | evie | essz | seoz | z9ss | eszi | ees | ovs | ees | ese | 18z | soz | emk [ E0L 13 03 [ zk G [0 N e 37 55VID
1 Sep aumqo inod g§g/ ( s=d =dgngy 0 T1dN0 n 1713 | (=dwl ks | nvaaim
IFIE [3=2-+4 SEYT ET [ % "4 S021 §= 4% ¥EZL oL ore el E= 5 FiS Low tET iz L4 9% sZi E43 3 &t T s Ue (ev] SuNV LS §38 NOLLDTS
L 200 O R (N ¢ | %1 | S8 | T gt | g1 | g3 | 6% | &% ]| €1 | g1 | 5 gv | o1 | s | o1 | sz L }_| sz'0 fuud gwa
vevie | Josgz | iois) | soosk | 930zs | wies | eszz | vizo | ezos | sesc | #Zoe | ozze | se9n | saes | vBe | 9vs | sev | ik | e | E0 | U [ ED 510 i [E
s9gec | zrboc | wrovz | soooz | geogs | gvves | vweol | seze | eese | subs | szov | ossz | esiz | eert | sove | zee | ova | v | vez | eur | zov | 26 [ oz N O R
ctvez | micel | oseci | ezozy | iicos | ooz | s2en [ oied [ eaze | Lice | Zeoz [ semi [ esta | wos | tel | zeo [ ise [ esz [ zei | ki [ &8 i i 310 1 e
svzae | soucz | ovesz | ssosu | svies | ool | eces | isos | €zs0 | v | Zeve | 62z | eses [ zuzi [ woou | ses [ e | mg | evz | ozl 18 w 8l [ i e 01 BIVID
V270V | ceos | bl | 0cs | Losv | wse | 96z | e/ez | eves | zowy | vwih | eve | Gzo | oev | oec | fve | v | szi | s | s | 62 | @ | 8 si 1 o
1962k | eocil | w2es | atal | evio | Zeiv | evec | rouc | Jasz | suei | meci | oeni | vee | o | eep | szt | eez | &1 | ani 5 [ 0z 0 [0 I (=3 Al i8I
2221 | vics | zize | ezev | oowe | beoz | S8iz | 162y | Siwe | Feor | vea | 528 | ber | cie | ese | z8y | 62 | 5 | 08 | & | 2z | W | ¥ B 1 aiE
SOE0k SEFE 6Z0L B35 FESF L0SE ST SEEC | 1881 | 85FL | SELE VLB 543 0ZF EE EFE (443 L4 3 08 s 4 TS -] oo IN 1183 SroL IS
gezy | eebs | ooev | owwe | zvez | bz | cour | ewwk | emee | mes | w9 | sos | zae | wsz | ooz | vt | vor | G2 o | & Lk 6 ¥ sto i o2
obcd | oses | 6985 | fvor | oooe | szez | oz | esmi | zes | suni | sis | £is | ser | et | 25z | 96l | &2k | 00l 59 ok £z zh S az'0 N =3 5% WLV
goerl | 1ee2i | vozor | ocoee | tocs | reoc | sczk [ oeec [ oz | 2002 ] Bb54 | 1320 | 62 | eos | ter [ eor [ ewz [ o081 | su [ £2 2r i1z 8 510 I 109 TEE]
Gi66r | 4p#9s | Goger | fisos | Gidm | BRs9 | Eroc | ofer | gaoE | fesz | seiE | miou | dEie | Zis | ie9 | muv | pee | wE | sa | 48 3% [T 7} [ N [ A0 1
eezg | seio | zger | ;v | ez | b2z | g9t [zt 2t | 2om | 209 | cos | ze | wez | ooz | Jounop YN| st 1 oz ¥
taouasgyN| P2 [ m [ cer [ Jm [ e ] e [ o [ & 210 i 3 W
0ee8 | 0589 | 6996 | svCr | 9695 | 8287 | fGez | gesi | czci | 94| 61 | IS | ser | BEE | isz | 20U IO YN[ 020 N = 02 £8610 o
| 33cu 33 YiN| E€5T B ok FHE &L or e ] oz N Ll KON o
SECS | 9epw | kdSt | goer | cogr | 284k | egvd | gen | 656 | MRl | L | Fer | EME | EMZ | B9I (4 8 £ i ST St i E st 1 0z 05 885D N
1889 vm.h.w mm.mu. D28t LIOE SIEE mmmu Z8GL m._..mmw mhwa B9L G35 I FEZ Fez mm I ] 2 8 bl E &l il ¥ ozo N [ 1] HONI
Su65) | eGiel | vesol | vi2s | ozoz | wews | wie | 949t | €cec | esee | BSib | zeeh | 56 | 059 | € | Sie | ss¢ | E6l | ver | 62 ¥ | § 510 i 078 s
sezve | Zeser | oaw | wwonn | osee | vz | eiom | vzev | dese| vioo| vrez | czas [ ozzn | 99w | eme | o | sse | s | s | v 6§ [ Tt 0z A or3 ¥ 5571 W
£Bes ZEBT ZROF VIZE EESE SE0Z (== 9SEL | 2804 Fag ] ] Ll Fiis T f<313 [543 00k 2 iy -4 [4] 8 £ ' 1 ore d
826) | osgs | zove | ceev | owce | Giuz | 207z | most | weve [ ezer | ese | sps | sup | cze | soz | 8L | eEL 96 78 3 Iz 1L g A N e 37 58712
od 94¢1 3% 303 i 1713 | ledwlfs | nwsdiom
S50C SESE =4 oted 8eLl vl s0EL (E4R8 L)1 i8 FEI ez (= £EE ot 2 04 £ L& L e o5 it oz st ue (ew) 2INY LSS BOLLIDS
5 ] ' 55 = 5 ¥ &F ¥ L SE gt £ 13 4 ST &% (4 z 4 - =48 1 GHETR T SMOWEN EVIITE LB SRLLEINCS
BSOS FEl L=l a6 TEN i SV (45 GEN SEN ETH OEW LT FIW LT 0ZW BILA B TN (4%, Ol 2l SN u manm mnm
82 Lg 22 w$ 5 ¥ ¥ o £33 e €t [ & 7 [4 o 14 91 ri k43 o k] s ﬁEEu SURSLUEID MOLIN
(Ag) anbnseyp aywi) e) 3p %08 30ORILIW IHINNOINOG ¥NOd IDOVHHIS 30 $37dNOD)

18

EQUIPMENT PIPING -V 1.0

B



\)

4.2. TOOLS FOR TIGHTENING BY HYDRAULIC TENSIONING.

The hydraulic bolt tensioning cylinders are described as tools for tightening by means of hydraulic
pull as they tighten the screw without any interference fit stress (friction or torsion).

The operating principle of the hydraulic bolt tensioning cylinder (tensioning method) is briefly
explained, along with its advantages, and compared to tightening with a conventional torque.

The use of the tensioning method allows for large tightening reproducibility from one screw to
the other (tolerance close to +2, 5%).

The hydraulic bolt tensioning cylinder is placed on the external
thread (passing above the nut).

Positioning the hydraulic bolt tensioning cylinder on the screw

The hydraulic pressure is provided by a hydraulic power
pack pulls on the screw without exerting any torsional or
frictional stress.

There is a linear relationship between the hydraulic
pressure transmitted to the hydraulic bolt tensioning
cylinder and the tension force of the screw, thereby
ensuring a high degree of precision.

Drawing of the screw

Once the required pressure has been reached, the nut is put in contact with the bearing surface,
without any frictional stress, using a hand torque wrench.

Thanks to this principle, and in the absence of all interference fit stress (torsion and friction), it is
possible to tighten screws up to 98% of the elastic limit.

Place the hydraulic bolt tensioning cylinder on the screw, using a spanner wrench or an electric
screwdriver. When the selected hydraulic pressure has been reached, the screw is pulled without
any frictional or torsional stress.

Y
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Place the nut on the contact surface using a spanner wrench. The screw is tight.

Positioning the nut

Advantages:

4.21.

D)

(S

Great tightening force achieved with small sized tools (Thread W 510 or M340: 45,000
kN)

No torsional stress in the screw

Only tensile stress in the screw

Tightening of several screws simultaneously (multi-tensioning system)

A hydraulic bolt tensioning cylinder can be used for several screw sizes.

Perfect use for stainless steel as there is no risk of cold junction (seizing) of the thread.

The sealing surfaces, subject to high temperatures (example: in gas turbines), can be
disassembled even after long periods of time.

The linear relationship between the tension force of the hydraulic bolt tensioning cylinder
and the hydraulic pressure, ensures significant reproducibility.

INSTALLING A NEW GASKET

Visually examine and clean the flanges, the bolts, the nuts and the washers
Lubricate the bolts and the nuts.

Make sure that the gasket is in accordance with the characteristics (type, material, ND,
the class...)

Install the gasket and the bolts; use your hands to tighten the nuts and examine the
space to ensure the uniformity.

20
EQUIPMENT PIPING -V 1.0



=\
"

Pre-tighten the nuts to a torque of 10/20 ft.lbs, do not exceed 20 % of the end Torque.

Proceed to the final tightening using the model below, while tightening in the indicated
order and checking each of the bolts

Retighten after 24h or with every rise in temperature of the pipe.

TIGHTENING SEQUENCE

ASKET MUST
TOUCH THE BOLTS

Tightening sequence for various types

21
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4.2.2. THE MAIN FITTING USED

Name Description and use
. A male and female fitting which connects two
Fitting . .
straight pipes
Union A female fitting which can be unscrewed

Elbow (angle of 45° or 90°)

Used to change the direction of a pipe

With a different internal and external thread.

Sleeve . ) .
It joins one pipe to another, smaller pipe
Tee (T) Joins 3 pipes togetherina T
Y gasket Joins 3 pipes togetherinaY

Cross / + gasket

Joins 3 pipes together in a +

Solid male thread to temporarily (un)plug a

Plug oipe
Ca Solid plug with internal thread to temporarily
P (un)plug a pipe
. A male fitting of a small section often used to
Nipple

fit other fittings

Reducing sleeve

Serves to reduce the diameters of a pipe

22
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5. GASKETS

5.1 THE VARIOUS TYPES
Gaskets can be classified into three large families which comprise:
e The soft gasket
e The metallic gaskets
e The metal-asbestos gaskets
Remark:
e (Gaskets containing asbestos are prohibited.
o Flat gaskets in PTFE (Polytetrafluoroethylene) or containing PTFE are not accepted.

e Graphite-impregnated flat gaskets must not be used with anticorrosion alloys when they
used in contact with salt water.

5.1.1 SOFT GASKETS
e The most used are soft fibrous gaskets composed of a mixture of elastomers.
e The elastomer provides the mechanical resistance.

e To improve the mechanical resistance, a very fine metal screen can be imbedded in the
middle during manufacturing.

e Numerous elastomers can make up the composition of these gaskets: Viton, rubber ...

e Some gaskets are coated with PTFE.

Soft gasket

23
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e Synthetic rubber gaskets

Thickness:
3mm for NPS < 6”
5mm for NPS > 8”

Svynthetic rubber gasket

e Synthetic fibre gaskets (klinger type)

Must be impregnated with a non-stick coating on both faces.

24
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5.1.2 METALLIC GASKETS
They are used for operating conditions with very severe pressures and temperatures.
There are three main types:

e Thering type joints RTJ with oblong or trapezoidal section.

¢ The flat gaskets: smooth, ribbed or corrugated.

e The slim corrugated gasket with or without packing.

e The lens-shaped gaskets

Their low elasticity demands evenly distributed tightening (tightening sequence of the heads,
extent of their pull during tightening, flatness, and alignment of the flanges).

Otherwise, occurrence of a leak is highly probable.
e Spiral wound gaskets
e The spiral part must be made of stainless steel.
e Thefitting can be made of a material based on PTFE or graphite, with a corrosion inhibitor.

e The two rings are made of epoxy-coated carbon steel or in stainless steel.

Spiral wound gasket
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e Ring joint gaskets

The section can be oval or octagonal shaped.

The gaskets must have a hardness (HB) < to the flanges in order to guarantee a tight
sealing.

Ring joint gaskets

5.1.2.1. THE METAL-ELASTOMER GASKETS

A metal covering (copper, aluminum, stainless steel ...) coats an elastomer compound forming
the gasket core.

Metal-elastomer gasket

.

When placed in a groove, these gaskets must have
the crimped side facing the bottom of the groove.

D
-

v
/ Positioning a metal-elastomer gasket

\\
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5.1.3 USING GASKETS.

The gaskets must be fully adapted to the operating conditions (diameter, series, and quality).

The gaskets are not reusable with exception of some metallic gaskets which can be reused
provided they are not deformed or scratched.

The flange faces must not have deteriorations such as: scratches, corrosion, substantial pitting

The gaskets must be perfectly centered between the flanges.

The tightening technique must ensure regular gradual squeezing over the whole surface of the
gasket.

The metal coverings are sensitive to various types of corrosion. It is good to verify the state of
the gaskets after use.

A strip, of PTFE, expanded graphite and ceramic fibers is wound in a spiral together with a metal
strip in the form of a V. This type of gasket is called a spiral wound gasket.

When used with raised face flanges, they

are fitted with an outer alignment ring. Outer

alignment ring

To prevent the metal spiral from
deteriorating on the fluid side, they can be

equipped with an internal ring. Lrner

reinforcement rin

-

Gasket with inner reinforcement and alignment
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Type of material according to the fuel

WATER RUBBER
COLD OIL NEOPRENE
HOT OIL INGOT IRON

LOW TEMPERATURE GAS RUBBER
HIGH TEMPERATURE GAS ELASTOMER

ACIDS

METAL RESISTANT TO CORROSION

5.2 BLINDS

5.2.1 THE VARIOUS TYPES

5.2.1.1 FLUSH JOINTS

They are simple metal discs with a tail and are inserted in case of need.

EQUIPMENT PIPING -V 1.0
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5.2.1.2 THE REVERSIBLE BLINDS

The spectacle blinds are permanently installed.

In open position they let the fluid pass; in closed position they stop the circulation.

They are placed between two flanges.

5.2.1.3 BLIND FLANGES

EQUIPMENT PIPING -V 1.0
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Blind flanges are installed to close the ends of the pipes, the valves, or the equipment.
The bolts pass through the blind flanges and the equipment flanges.

After the placing of a gasket the bolts must be tightened according to specifications.

ATTENTION

FLANGES, GASKETS AND BOLTING MUST CORRESPOND TO THE CLASS OF THE INITIAL FLANGE

5.2.2 GASKET BRACKETS

The pipes are submitted to stress from:
e Their own weight
e Vibrations
e Dilatation

It is therefore imperative that they be supported to maintain the network in good operating
condition.

The various types of brackets:
e Fixed clamp type, or well welded

e Gliding bracket, permitting a liberty to move in an axis, or a design to permit the
dilatation of the pipe.

e Special bracket of a spring box type

5.3 ADVANTAGES AND DRAWBACKS OF THE VARIOUS TYPES

5.3.1. CARBON STEEL
Advantages:
e Price of the raw material
e FEasytoweld.

e (ood resistance to pressure

V,
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Drawbacks:

e Sensitive to corrosion
5.3.2. STAINLESS STEEL
There are various qualities of stainless steel; example: 304/ 316 / 316L

The 304 being at the bottom-of-the-line; used in places which demand a simple
corrosion protection.

The more sophisticated 316L is used in more corrosive sectors.

The numbers correspond with the various percentages of Nickel which are
employed during manufacturing.

Advantages
e Resists corrosion.
Drawbacks
e Difficult to weld.
e (Galvanic cell formation with the carbon steel from the structures
e Price

5.3.3. SYNTHETIC MATERIALS

Advantages
e Corrosion resistant
e Lightness
e FEasyto apply.

e Does not need hot working (except for some thermoplastic components)
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Drawbacks
e Hardly withstands pressure.
e Fragile to shock

e Poor fire resistance
6. REPRESENTATION AND DATA
This chapter describes ...

6.1. TUBES OR PIPES

6.1.1. PIPE CLASSIFICATION

Networks are classified as process or service lines.

Service pipes transport water, steam, gas and air which is needed for the process utility systems.
Most of the pipes are color-coded.

The transported fluid is identified by the color and the code.

For example, the pipe which transports the water for the fire-fighting facilities is usually painted
red and is also identified with white lettering.

6.1.2. PIPE IDENTIFICATION PRINCIPLE ACCORDING TO TOTAL SPECS
The class is identified by a code, composed of 1 letter and 3 numbers
Example:
e B511
B = Class = 150 Ibs (pounds or 1lbs is equal to 453 gr) ASME class
51 = Liquid or hardly corrosive gas hydrocarbons

1 = Corrosion thickness = 1.5 mm

32
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Classes:

A

B

H

125

150

300

600

900

1500

2500

TUBING

10 000

Corrosion thicknesses:

0=0.0mm

1=1.5mm

2=3.0mm

3=>6.0mm

Letter Color on
Field Color

Material Property Example

Single Gases

Oxygen USP?

White on Green wp OXYGEN 50-55 PS| sp

RSN ISR Whito on Gray [l CARBONDIGKDE »
Nitrous Oxidet White on Blue
Cyclopropane? _

Helium USPt White on Brown
Nitrogen NF? White on Black

Medical Air USPt = MEDICAL AIR »

= INSTRUMENT AIR &

Black on Yellow

Instrument Airt White on Red

Waste Anesthetic
Gas Disposalt

White on Purple

Laboratory Airt B'&“::el‘:e'::z*;‘:zliw
Laboratory : Black on Bﬁyﬁm“,]
Vaccumf Checkerboard®
Medical-Surgical Sk on T e
Vaccum?

D)

N
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FRESH WATER

Fresh Water
Condensate from heating system
Fresh water - sanitary

Cooling fresh water

Feed water

Distillate

Potable water

Chilled water

Condensate

WASTE MEDIA

Waste media
Black water
Waste oil
Bilge water
Exhaust gas

Black water
Waste oil
Bilge water
Exhaust gas

Sewage

Steam

Steam for heafing
Bleeder steam

LP drains

Supply steam
Exhaust steam
HP drains

MASSES (DRY & WET)  (copper)

Masses

ACIDS AND ALKILIS
Acids and Alkilis

{violet)

FLAMMABLE GASES
Flammable gases

Hydrogen

Acetylene

Mixture of Propane/Butane

NON-FLAMMABLE GASES (gray)

Non-flammable gases
Oxygen

Breathing Gas
Nitrogen

Refrigerant

Pressure air HP

Breathing air iy

FIRE FIGHTING (red)
Fir fihting ———

Fire-fighting fresh water
Fire-fighting sea water
Fire-fighting CO2 gas

(vellow)

Sprinkler water i)
Fire-fighting powder

Fire-fighting foam

FUEL (brown)
Fuel [—
Heavy fuel

Liquid gas

potol —8
Disel fuel N BN

SEA WATER
Sea water

Ballast water
Cooling sea water
Sanitary sea water

AIR IN VENTILATION SYSTEMS  (white)
Air in ventilation systems

Natural exhaust air | |
Supply air, atmospheric I N
Natural supply air
Mechanical exhaust air

(green)

t
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6.2. REPRESENTATION ON P&ID

To be able to read the various documents at our disposal on the oil sites, especially concerning
the piping, it is necessary to KNOW how to recognize and interpret the symbols, lines and other
information found on the PFD and P&ID.

A PID (Piping & Instrumentation Diagram) usually offers a minimum amount of information on the
pipe (this is especially important when making modifications to the lines)

e The pipelines with their symbols
e The valves with their system for opening and closing.

e The plugs

35
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6.3. DIMENSIONING

6.3.1. THE DIMENSIONING CRITERIA

The dimensioning of a pipe and of the associated elements is determined by what it will be used
for (flow rate, velocity, pressure, location)

There are formulas which provide the correct dimensions.

Efforts are made not to oversize the tubes because of problems with weight, price and
excessive thickness.

6.3.2. DIMENSIONS OF THE PIPES
Pipe dimensions are standardized in inches and also in the metric system.

The most used are the measurements in inches:

'yz” 3/4" 1 n /l %" 2” 4” 6” 8" /l O” /l 2” 14”

16" | 18" | 20" | 24" | 30" | 36" | 42" | 48" | 56" | 60" | 64"

Example :

A pipe with a nominal pipe size of 4” (100 mm) is available in the thicknesses and diameters
below:

DIAMCE)#JETFE TN mm DIAIUI\]ETTEERFLCI)I\FF mm THIC%ESS " SCHEDULE
114.3 102.3 6.00 40
114.3 97.2 8.55 80
114.3 87.3 13.50 160

Various thicknesses of a 4” carbon steel pipe

38
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IMPORTANT: For each material the Schedule changes

After construction and assembly, the pipes are submitted to a radiographic check of the weldings
and a hydrostatic test.

The tests may be conducted on part or all of the network in compliance with the specifications.
To consider the corrosive or erosive effect of the fluids, a supplemental thickness, called a

corrosion allowance, is generally defined at 1.5 mm for slightly corrosive services or 3mm for the
other services.

B
Ik
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Outside
Nominal e

Pipe Size

Diameter Nominal Wall Thickness Schedule
(mm)

SCH SCH SCH SCH SCH SCH SCH SCH SCH SCH SCH SCH SCH SCH SCH  SCH  SCH

NS PR 2t 5s I0s 10 20 30 40s STD 40 60 80s XS 80 100 120 140 160 XXS
1/8 6 10.3 124 173 173 173 241 241 241
1/4 8 13.7 1.65 224 224 224 3.02 302 3.02
3/8 10 17.1 1.65 231 | 231 231 320 320 3.20
1/2 15 213 165 211 2T P2 2T 373 373 3.8 478 747
3/ 20 26.7 165 211 287 287 287 391 [ 3.91 | 391 556 7.82
1 25 334 165 277 338 338 338 455 455 455 635 9.09
11/4 32 42.2 165 2.77 356 3.56 3,56 485 485 4.85 635 9.70
11/2 40 483 165 277 3.68 368 3.68 508 508 5.08 7.14 10.15
2 50 60.3 165 2.77 391 391 391 554 554 554 8.74 11.07
21/2 65 73 211 3.05 516 516 5.16 7.01 7.01 7.01 953 14.02
3 80 88.9 211 3.05 549 549 549 7.62 762 7.62 11.13 15.24
31/2 90 101.6 211 3.05 574 574 574 8.08 8.08 8.08
4 100 1143 211 3.05 6.02 6.02 6.02 856 856 8.56 13 13.49 17.12
5 125 141.3 277 340 6.55 6.55 6.55 9530 9,531 | 9,53 12.70 15.88 19.05
6 150 168.3 277 340 7310 R T 10.97 10.97 10.97 14.27 18.26 21.95
8 200 219.1 277 376 635 704 818 818 818 1031 1270 12.70 12.70 15.09 1826 20.62 23.01 2223
10 250 273.1 340 4.19 635 7.80 927 927 927 1270 1270 1270 15.09 18.26 21.44 25.40 28.58 25.40
12 300 323.9 396 4.57 635 838 953 953 1031 1427 1270 1270 17.48 21.44 2540 2858 3332 2540
14 350 355.6 396 478 635 792 953 953 1113 15.09 12.70 19.05 23.83 27.79 31.75 3571
16 400 406.4 419 478 635 7.92 953 953 1270 i6.66 12.70 21.44 26.19 30.96 36.53 40.49
18 450 457.2 419 478 635 792 1113 953 1427 19.05 12.70 23.83 29.36 34.93 39,67 4524
20 500 508 478 554 635 953 1270 9.53 15.09 20.62 12.70 26.19 32.54 3810 44.45 50.01
22 559 478 554 635 953 1270 9.53 22.23 12.70 28.58 34.93 41.28 47.63 53.98
24 600 610 554 635 635 953 14.27 9.53 17.48 24.61 12.70 30.96 38.89 46.02 52.37 59.54
26 660 792 1270 9.53 12.70
28 700 711 7.92 1270 15.88 9.53 12.70
30 762 635 792 792 1270 15.88 9.53 12.70
32 800 813 7.92 1270 15.88 9.53 17.48 12.70
34 884 792 1270 15.88 953 17.48 12.70
36 900 914 7.92 1270 15.88 9.53 19.05 12.70
38 965 9.53 12.70
40 1000 1016 89,53 12.70
42 1067 12.70 15.88 953 19.05 12.70
44 1100 1118 9.53 12.70
46 1168 9.53 12.70
48 1200 1219 9.53 12.70
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6.3.3. CHOICE AND PRINCIPLE OF CHANGING THE CLASS
The choice of the pipes, flanges and gaskets is made during the engineering phase.

Starting from the wellhead we find a series of pipes destined for high pressure; depending on the
equipment that is found downstream, the series will evolve towards much more conventional
one.

7. PIPING OPERATIONS

The operator has a certain number of responsibilities, especially when concerning interventions
on lines or equipment.

He is responsible for the observance of the isolation procedures before all work.

In addition to his knowledge of the site, he must, during start-up or shutdown, sign a document
specifying the positions and the types of blinds which have been placed for works.

VAPOUR
OUTLET

}

25

REFLUX

E o

T

FEED
INTLET

REBOILER

OUTLET ;‘M ﬂﬂ MANJAY
PRODUCT

REBOILER OQUTLET

INTLET ﬂﬂi—"

——

Example of blinding

Before and afterwards, he must ABSOLUTELY verify the list of blinds.

41
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He has the following document at his disposal:

Process Line

Blind in operator initials

Blind out operator initials

Feed inlet (1)

Feed inlet (2)

Reboiler outlet

Reboiler inlet

Vapour inlet

Product inlet

Document with positions of the blinds

EQUIPMENT PIPING -V 1.0
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7.1. PRECAUTIONS BEFORE START-UP

Before signing the blind removal list the operator must:

Ensure that the whole of the work is finished.

Check the inside of the storage capacity to see if everything is clean and free of all
waste.

Check that all the blinds have been removed.

Check that the new gaskets have been installed.

It is also necessary to clean the inside of the pipe to eliminate the debris or other waste which
could be found inside, either by blowing or by rinsing.

The leak tests help check the pipe sealing by increasing the pressure in the pipe usually to
1.5 times the design pressure (providing the pipe has been calculated for such a pressure).

7.2. PRECAUTIONS TO TAKE BEFORE SHUTDOWN OR INTERVENTIONS

Depressurization
Before any intervention, it is imperative to depressurize the pipes; an intervention on a
pressurized pipe must in NO CASE be attempted.

Drainage
Thoroughly verify the drainage at the low points.

Inserting
Necessary for any intervention on the line (opening of a flange, replacement of a gasket)

Notes: Embrittlement problems on a line require specific precautions.

In case of welding, verify the residual thickness of the pipe, (see chapter corrosion)

D)
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7.3. 1st DEGREE MAINTENANCE

Pipes are usually not submitted to preventive maintenance as are safety valves and other
equipment. As we have seen they are nevertheless subjected to corrosion or shocks which
sometimes damage a part of the line.

In this case the intervention is obligatory and the actions to be carried out are even the
more dangerous as the transported fluid is either a gas, or a fluid under pressure or
temperature.

The type of intervention on a pipe is either a temporary light repair (fiber glass, collars, or
insulation) or a heavy reparation, demanding welding or other technical intervention.

Maintenance consists of:
e Monitoring the sealing (check the tightening of the flanges)
e Quter protection with paint

e Monitoring of internal corrosion (measurement of the thickness with ultrasound,
corrosion coupon)

8. TROUBLESHOOTING

8.1. PIPING PROBLEMS

8.1.1. EXTERNAL CORROSION

Corrosion is the deterioration of a substance due to a chemical reaction to its environment.

The substance does not necessarily have to be a metal. Wood, ceramics, plastic and other
materials can also be corroded.

If a material becomes corroded its properties will change and it will no longer correspond
to its characteristics.

Generally speaking, no corrosion occurs in a vacuum.
e Salt water is more corrosive than soft water.
e Hot water is more corrosive than cold water.
e Hot air is more corrosive than cold air. (if T° C < 80 °C)

e Humid air is more corrosive than dry air.

D)
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e Polluted air is more corrosive than clean air.
e Acids are more corrosive than alkaline compounds.
Important, this information consists of generalities which must be checked according to the sites!

Most of the corrosion which develops on the metals is electrochemical. This corrosion can
develop on the inside or outside of a piece of metal equipment.

To protect our equipment, various solutions are placed on or in the pipes.

The pipes deteriorate mainly because of corrosion and erosion.

COUPLING ~ INSULATING
BARREL / BOOT
GASKET WITH ;
INSULATING
SKIRT

END RING

Coupling of insulated pipes
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MACHINE BOLT

—

INSULATING , c=<e+—— STEEL WASHER

memmm=ag
WASHER INSULATING
l l‘_ SLEEVE
FLANGE
RING @ INSULATING
GASKETS GASKET

FLANGE

HEX NUT ——-{10 Do

Insulator for flanges

Protective coatings can also be used to protect the systems. The outside of the pipe can
be painted with special protective paints.

Special coatings are usually used on the subterranean systems. Plastics and epoxy are some of
the newest coatings used for protection against corrosion.

8.1.2. INTERNAL CORROSION

Piping networks and static equipment can be affected by both external and internal corrosion.

It is much more difficult to detect the internal corrosion. It can decompose the inner surface
causing a corrosion accumulation.

To eliminate internal corrosion, or to slow down its progression, special coatings are used.

Certain chemicals are also used and injected into the pipes in order to inhibit the action of
the corrosion or other fluids.

In case of internal corrosion, it is vital to eliminate the source of the corrosion and to
determine the extent of the problem, allowing adapted repair.

Wear is greatest at the elbows owing to liquid friction from the changes in direction at the
low part of their section.

Y
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8.1.3. OTHER CAUSES OF DETERIORATION

It is dangerous, because of risks of rupture:
e To use a pipe as support without careful consideration
e To exert a force on small-diameter pipes
e To walk on a pipe

Furthermore, walking on a pipe constitutes a dangerous act (fall, deterioration of the
insulation materials of the heat-proof pipes).

Finally, leaks from petroleum products comprise risks. It is prudent to foresee clamp collars of
various diameters to rapidly seal a leak.

Take into account the corrosion to the support-flanges, thermal insulation and welded tapping.

They are actually zones where the corrosion spreads due to the friction or the movements of the
pipes.

8.1.4. PROTECTIONS

There are three main types of protection.
e Thermal protection
e Personnel protection
e Protection against shocks

The piping receives:

e A cathodic protection, when the nature of the environment suggests a corrosive action
because of an electrolysis effect.

e A thermal insulation, when it transports hot substances (heat reduction, protection
against fire and the burning).

e An electrical continuity between flanges (put in the ground).

e A corrosion-protective covering and an outer paint (traditional shades).

V,
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8.2. NOTES
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