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Generally, APL tandards are reviewed and revised, reaffirmed, or withdrawn atleast every

ive years, Sometimes & one-time extension of up to two years will be added (o ths review
eyele, This publication will no longer be in effect five years afler its publication date s an

operative API standard or, where an extension has been granted, upon republication, Status
of the publicarion can be ascertained from (he APT Authoring Departiment (tehephone (202)
682-80001. A catalog of AP publications and materals 15 published annually and updated
quarterly by APT, 12201 Street, NW., Washington, D.C. 20005,

APL 310 Special Note
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API STD 620 Design and Construction of Large, Welded, Low-
Pressure Storage Tanks

API STD 650 Welded Steel Tanks for Oil Storage

API RP 651 Cathodic Protection of Aboveground Petroleum Storage
Tanks

API RP 652 Lining of Aboveground Petroleum Storage Tank Bottoms
API STD 653 Tank Inspection, Repair, Alteration, and

Reconstruction

API STD 2000 Venting Atmospheric and LLow-Pressure Storage Tanks
Nonrefrigerated and Refrigerated.

API RP 2003 Protection Against Ignitions Arising out of Static,
Lightning, and Stray Currents.

API SPEC 12F Specification for Shop Welded Tanks for Storage of
Production Liquids.

API PUBL 2210 — Flame Arrestors for Vents of Tanks Storing
Petroleum Products.

API RP 2350 — Overfill Protection for Petroleum Storace Tanks.
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The design and construction of the storage tanks are bounded and regulated by various
codes and standards. List a few here, they are:
e American Standards API 650 (Welded Steel Tanks for Oil Storage)
e British Standards BS 2654 (Manufacture of Vertical Storage Tanks with Butt-
welded Shells for the Petroleum Industry
e The European Standards
-  German Code Din 4119 — Part 1 and 2 (Above Ground Cylindrical Flat
Bottomed Storage Tanks of Metallic Materials)
- The French Code, Codres — (Code Francais de construction des reservoirs
cylindriques verticauz en acier U.C.S.I.P. et S.N.C.T.)
e The EEMUA Standards (The Engineering Equipments and Materials Users

Association)

e Company standards such as shell (DEP) and Petronas (PTS)
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‘ Type of Storage Tank |

Open Top Tank Fixed Roof Tank

Cone Roof (Supported/
self supported)

[Dome Roof (Supported/
self supported)

Internal Floating Roof
(Supported/ self
supported)

; Floating Roof Tank ' Other Types
(Atmospheric) (Atmospheric. Low
Pressure, High
Pressure)

i

External Floating Roof

Bullet Tank

Internal Floating Roof

Bolted Tank

Sphere Tank
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Single Deck Pan Floating Roof (1

Single Deck Bulk headed Floating Roof (2
Single Deck Floating Roof with Pontoon (3
Double Deck (4

Internal Floating Roof (5

Aluminum Pontoon (6

Aluminum Sandwich Panel (7
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. - vapour Ghrough marrow pipe
I
3 ; e vapour space decreases

liquid rises

pumping in

@_—

Pressure increase during filling-up and heating by the sun.

Loy air tries to enter through
narTow pipe

roof cooled by rain
vapour space increases

%\ liquid level drops
suction O————

Vacuun during emotving and cooling by rain.
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flaating roef

o drain valve m

Noating-raaf tank

PONTOON
HATCH

LEG

sEAL— |

; = ' —
PONTOON / / \
()

DRAIN — |

External Floating Roof Tank, single skin roof with pontoons

Stainless steel shunt

Support plate

Primary seal —
envelope

Resilient foam

Fuel level

Tank shell —

Bottom deck
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INTERNAL FLOATING ROOF TANKS
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SECTIONAL VIEW OF FLOATING ROOFS

1| .
[ Steel pan P % Steel bulkheaded with

(APl 650-H.2.3) open top (API 650-H.2.b)
v j
[ Steel pontoon 7 L Steel double deck
(API 650-H.2.¢) (API1 650-H.2.d)
4 — -
e X 4 5
Aluminum pontoon Aluminum sandwich
(APl 650-H.2.e) panel (APl 650-H.2.1)
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Improved safety

Improved product loss controls

Open-top tank Fixed-roof tank External Internal Closed
floating-roof tank floating-roof tank floating-roof tank



G ) e 7 sl

Maximum capacity:
— m(bbl)

Net working capacity:
_ m3(bdi)

Minimum operating volume remaining in the tank:
m? (bbi) or mm (in.)

!

-----------------------------------------------------------------

—— 3 Top of shell height
Qverfill siot
, » ' ! - Design liquid level
Overfill protection level requirement:
m3 (bbl) or mm {in.)

- NOrmal fill level

<+——— Minimum fill level

Top of bottom plate at shell

Figure 5-4—Storage Tank Volumes and Levels
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Atmosphere
L Design Liquid Level \ - > Overflow
: : . Liquid Line
Overfill Protection Capacity | |
Process —&—H— High Liquid Level ' ‘@' =
Inlet - :
|
Normal Liquid Level | - :
| |
Net Working Capacity | | |
: . !
|
Low Liquid Level Y -q_l_;_i_> Process
| --G0— | | @ Outlet
Cooling/ Non-working Capacity
Heating oA AR
Utiliti
es Sump ®

* Optional
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Nozzle Data

Tag No. Req. Size (DN) Service Remark
N1 1 250 Inlet

N2 450 Pump Suction

N4 | 200 Recirculation Inlet

N5 ] 300 Recirculation Inlet

N6 ] Note 2 Auto Bleeder Vent

N7 | 100 Level Indicator

N8 ] 200 Level Transmitter

NI12 | 50 Temperature Transmitter

NI13 3 600 Mixing Propeller Note 3
N15 ] 200 Minimum Flow

Dl ] 100 Drain

D2/D3 2 100 Roof Drain Note 1
M1 1 600 Shell Manway

M2 1 600 Roof Manway
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Standard 650, Seventh Edition., Revision 1—General

Issue Date:

Publication:
Edition/Date:

Question:

Reply:

Masrch 23 1988
API Standard 650, Welded Steel Tanks for Oil Storage
Seventh Editnion November 1980: Revision 1 Februoary 1982

Why was the minimum top angle size changed from 2 inches < 2
inches X ¥/, inch in the Sixth Edition 0 23/ inch x 2%/ inch x< ¥/,
inch i the Sixth Edinon Revision 37

Please be advised thar the Amencan Petrolewon Institure issues
INrerpreranions in Mesponse [0 guestons conceming the meaning of
its standards and is always ready to consider suggestions for evi-
sions 10 its standards. API does not normally respond ro guestions
requiremensts are based upon consideration of rechnical data, and
the judzmenrt and skill of expenienced engineerning and rechnical
personnel representing both users and manufacrorers who serve on
the standards commirrees. However in Revision 1 10 the Seventh
Edition February 1984 top angles of 2 inches x 2 inches < /i inch
are permurred for tanks 35 feer and smaller in diameter (paragraph
3.1.5.8.5).
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AP StaNnDARD 650

Table 1.1—Status of Annexes to API Standard 650

Annex

Title

Status

Optional Design Basis for Small Tanks

Purchaser's Option

Aluminum Storage Tanks

Requirements

Recommendations for Design and Construction of Foundations for
Aboveground Oil Storage Tanks

Recommendations

External Floating Roofs

Requirements

Technical Inquiries

Required Procedures

Seismic Design of Storage Tanks

FPurchaser's Option

Commentary on Annex E

Information

Design of Tanks for Small Intermal Pressures

Requirements

Structurally-Supported Aluminum Dome Roofs

Requirements

Intermal Floating Roofs

Requirements

Undertank Leak Detaction and Subgrade Protection

Purchaser's Option

Shop-Assembled Storage Tanks

Requirements

Sample Application of the Variable-Design-Point Maethod to Determine
Shell-FPlate Thickness

Information

APl Standard 650 Storage Tank Data Sheets

Required Information

Raequirements for Tanks Operating at Elevated Temperatures

Requirements

Use of New Materials That are Not ldentified

Requirements

Recommeandation for Under-Bottom Connections

Purchaser's Option

Allowable External Load on Tank Shell Openings

Purchaser’'s Option

Austenitic Stainless Steel Storage Tanks Requirements
Stainless Steel and Carbon Stesl Mixed Material Storage Tanks Requirements
NDE Requirements Surmumary Requiremaents

Ultrasonic Examination in Lieu of Radiography

Purchaser's Option

Design of Storage Tanks for External Pressure

Purchaser's Option

Commercial and Documentation Recommendations

Recommendations

Duplex Stainless Steel Tanks

Requiremeoents

<[x|g|<|c|4|8|e|v|o|z|z|r| x|c|-|z|0|n[B|m| o]0 ®|[2]>

APl Monogram

Reaequirements
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Construction Standards

API 650

Z 1 \ O\

Section VIII Section 11 Section V Section IX
Referenced Code Divl Materials NDE Welding

ANSI ASTM ASNT
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Length:

Area:

Volume:

Force:

Energy:
Pressure
Temperature

sg In
sq ft
cu In
cu ft
b f
ft Ib
psi
°F

25,4 mm

304,8 mm
914,4 mm
6,4516 cm?
0,0929...m?
16,387 cm
28,317 1

4,448 N
1,355818 Nm (=J)
0,06894757 bar
32+1,8*T¢
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p<2.5 psi (17.2 kpa): API1 650 =
2.5< P <14.5 psi : APIl 620=
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The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) apples.

APl Recommended Practice S82. Welding Guidelines for the Chemical, Od and Gas Industnes

APl Standard 620, Design and Construction of  arge, Welded. | ow-FPressure Storage Tanks

APl Recommended Practice 651. Cathodic FProtection of Aboveground Pefrolewurn Sftorage Tanks

APl Recommended Practice 652, Lining of Aboveground FPetroflewn Storage Tank Botftorns

API Publication 937, Evaluation of the Design Crnfena for Storage Tanks with Frangible Roofs

API Publication S37-A, Study to Establishy Relations for the Relative Sirength of APFPI 650 Cone Roof. Rooi-to-Shefl,
and Shell-to-Bottorn Joints

API Standard 2000, Venting Atmospheric and [ ow-FPressure Storage Tanks: Non-refrigerated and Refrigerated
APl Recommended Practice 2003, Frotection Against Igrniitions Ansing Owut of Static. Lightning. and Stray Curmrents
AP Publication 2026, Safe Access/Egress Involving Floating Roofs of Storage Tanks in Petrolewnn Service
AP1 Recommended Practice 2350, Overdfill Profection for Storage Tanks in Petroleurn Facilities

AP Specification SL, Specificatior: for Line FPipe

APl Manual of Petfrolewnrn Measurements Standards (MPMS) Chapter 19, "Evaporative Loss Measurement™
Aal 1 Aluminum Design Manusal

AAL, Alurmiinum Standards and Data

AAl, Specifications for Alurminurm Sheet Metal Work in Building Construction

ACIH 318 2, Building Code Requirements for Reinforced Concrete (ANSI/ACI 318)

ACI 350, Environmental Engineenng Concrete Structures

AISC 3 Manual of Steel Construction

AlS1 T-192 ¢, Srteel Pilate Engineerng Data, Volume 71 & 2 (Rewvised Edition — 20117) published jointly by the Steel
Market Developrment Institute and Steel Plate Fabricators Association

ANSUAISC 360 5, Specification for Structural Steel Buildings

Aluminum Association Inc.. 1525 Wilson Bivd, Suite 600, Arlington, Virginia 22209, www_ aluminum_org
Amencan

1

2 Concrete Institute, P.O. Box 9094, Farmi ngton Hills, Mk:higan 48333, www. aci-int.org.

3 American Institute of Steel Construction, One East Wacker Drive, Suite 700, Chicago. lllincis 60601, www_aisc org.

; American lron and Steel Institute, 1540 Connecticut Avenue, NW, Suite 705, Washington. DC 20036 www steel org.

American National Standards Institute | 25Wast43"’$!reet,4"'l’ﬂoot New York, New York 10036, www ansi org.
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ASCE Standard 7-0S S, AMinirmurm Design Loads for Buiddings and Other Siructures

ASCE Standard 7-10. Miruwmeunm Design L oads for Buwldings and Other Structures

ASME B1.20.1 7, Pipe Threads, General Purpose (Inch) (ANSIZASME B81.20.1)

ASME B16_1, Cast fron PFPipe Flanges and Flanged Fittings (ANSI/ASME B16.1)

ASME B16.S. FPipe Flanges and Flanged Fittings (ANSUASME B16.5)

ASME B16 21, Nonmetallic Flat Gaskets for Pipe Flanges

ASME B16. 47, [ arge Diameter Sfeel Flanges: NPS 26 Throwgh NFPS 60 (ANSI/ASME B16.47)

ASME Boder and Pressure Vessel Code, Section V, “Nondestructive Examimnmation:” Section Vil "Pressure Vessels, ™
Division 1: and Section X, “Welding and Brazing Qualifications”™

ASNT CP-189 8, Srandard for Qualification and Certification of Nondestructive Testing Personnel
ASNT RP SNT-TC-1A. FPersonnel! Qualiication and Certification in Nondestructive Testing

ASTM ASMI/AS 2 General Reqguirements for Rofled Steel Plates, Shapes. Sheet Piling. and Bars for Structural Use
ASTM A200MNM/AZ20, General Reguirerments for Steel Plates for Pressure Vessels

ASTM AZ27MNIAZT, Steel Castings, Carbon, for General Application

ASTM A3EM/AZSE, Structural Steed

ASTM AS3, FPipe, Steel. Black and Hot-Dipped, Zinc-Coated Welded and Seamiless

ASTM A10SMI/AT10S5, Forgings, Carbon Steel, for Piping Cormponents

ASTM A106, Seamfess Carbon Steel Fipe for High-Temperature Service

ASTM A131T1MIA131, Structural Steel for Ships

ASTM AMSTNM/ATI8 1, Forgings, Carbon Steel. for General-Purpose FPiping

ASTM A1I182NMIUATSZ2. Forged or Rolled ANoy-Steel! Pipe Flanges., Forged Fittings, and Valves and Paris for High-
Temperature Service

ASTM AT93NMI/ATI93, Alfoy-Steel and Stainfess Steel Bolting Matenals for High-Temperature Service
ASTM A1S4AM/ATIS4A Carbon and Alloy Steel Nuts for Bolts for High-FPressure and High-Temperature Service
ASTM AZ13NMNMI/IAZ21 3, Searmdfess Ferrific and Austenitic Alloy-Steel Boiler. Superheater., and Heat-Exchanger Tubes

ASTM AZ16MIAZ16, Standard Specifications for Steel Castings for High-Temperature Service

American Society of Civil Engineears, 1801 Alexander Bell Dr.. Reston, Virginia 20191, www . asce org.-
ASME Intemational, 3 Park Avenue. Naew York. New York 10016-5990, www._ asme org.
American Society for Nondestructive Testing., 1711 Arfingate Lane, PO. Baox 28518, Columbus, Ohio 43228, www.asnt _org.
ASTM International, 100 Barr Harbor Drive, West Conshohocken, Pamnmmsyivania 19428 www.astim. org.
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ASTM A234ANAC3A, Fiping Fittings of Wirowowght Carbon Sfteel and Aoy Steel for Moderate and High-Temperasture
Service

ASTM AZ240MI/IAZA40, Heat-Resisting Chrormmvurm and Chromiurm-INickel Stfainless Steel Plate. Sheet. and Sfrip for
FPressure Vessels

ASTM A2TE, Stainfess Steel Bars and Shapes

ASTM AZ2B3INMI/IAZE83, [ ow and Internrmediate Tensile Strength Carborn Steef Plates

ASTM A2SSMI/IAZE8S, Pressure Vessel Plates. Carborn Steel, L ow- and Infterrnediate-Tensie Strength
ASTM A307, Carbon Steel Bofts and Studs,. 60,000 ibi/fin .2 Tensile Strength

ASTM A3II12MIIAS 12, Seamfess and Welded Austenitic Stainfess Sfeel FPipes

ASTM A320MIIAS20, Alloy Steel Bolting Materials for [ ow-Temperature Service

ASTM A33BNMIAZ33, Searmfess and Welded Steel Fipe for [ ow-Temperature Service

ASTM A334AMI/IAZS34, Seamifess and Welded Carbon and Alloy-Steel Tubes for [ ow-Temperature Service

ASTM A3ISOMIAZS0O. Forgings. Carbon and (ow-Alloy Steel. Requiring Noich Towghrness Testing for Piping
Components

ASTM A3SSTM/A3SS1, Castings, Austenitic, Austernstic-Femitic (Duplex). for Pressure-Contairning Parts

ASTM A3ISBMIASSE,. Electric-Fusion-Welded Awusteniic Chromnmurm-Nickel Alloy Steel Pipe for High-Temperasture
Service

ASTM A370, Test Methods and Definitions for Mecharnical Testing of Steel FProducts

ASTM A380, Cleaning. Descafing. and FPassivation of Stainliess Steef Parts, Equipment, and Systems
ASTM A403MI/IAA03. Wirouwught Austenitic Stainfess Steel Piping Fittings

ASTM A420MIAAZ20, FPiping Fittings of Wirowught Carbon Steel and Alloy Steel for [ ow-Temperature Service
ASTM AA4A7I9NMI/IAATY, Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels
ASTM A480MI/IAAS0, Flat-Rofled Stainless and Heaf-Resisting Steel Plate, Sheetf. and Strip

ASTM AST1SMIIAS TS, Pressure Vessel Plates, Carbon Steel. for Moderate- and [ ower-Temperature Service
ASTM AS24 Searmiess Carbon Steel FPipe for Atmospheric and L ower Temperatures

ASTM AS3ITMIAS3T, Pressure Vessel Plates., Heat-Treated, Carbon-AManganese-Sificon Steel

ASTM AST7TIMI/IAST3, Structural Carbon Steel Plates of Improved Towughness

ASTM AS33INMIAG33, Normmmalized High-Strength L ow-Alloy Structur=al Steel

ASTM AGEZ2M/AGE2, FPresswure Vessel Plates, Carborr-AMManganese, for Moderate and . ower Temperature Service
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ASTM AGS7T 1, Electric-Fusion-Welded Steel Fipe for Atmospheric and [ ower Temperatures

ASTM ASTBM/AGTE, Quenched and Tempered Carbon-Steel and High-Sfrength [ ow-Alloy Steel FPlates for Structursl
Appilications

ASTM ATITMNMIATIT, Pre e Ve ! Plates. High-Strength,. [ ow-Alloy Sfteefl

ASTM AB4TM/ABA1, Standard Specification for Steel Plates for Presswre Vessels, Produced by the Thermo-
Mechanical Corntrof Process {(TAMCEF)

ASTM A924NMNM/AS24a, General Requirements for Steel Sheet, Metallic-Coated by the Hot-Dip FProcess
ASTM AS92MIAS9 2, Steel for Structural Shapes for Use in Building Framiing

ASTM AT10TTM/AT1011. Standard Specification for Steel Sheet and Stnp. Hot-Rolled, Carbon. Structural, High-
Strength L ow-Alloy and High-Strength [ ow-Alloy with Iimproved Formability

ASTM CSO09, Celluwlar Electrometnc FPreforrmed Gasket and Sealing Maternal

ASTM D3453. Flexable Celluiar Maternials—Ulrethane for Furniture and Aufomotive Cushioning, Bedding., and Simiilar
Appiications

ASTM E84, Test Method for Swrface Burning Charactenstics of Buidding Materials

AWS AS_ 1 "0 Specification for Carbon Steel Covered Arc-Weilding Electrodes (ANSEVAWS AS. 1)
AVWS AS. S, Specification for L ow-Alloy Steel Covered Arc-Welding Electrodes (ANSI/AWS AS.S)
AWS D1.2. Sfructural Welding Code—Alurminusty (ANSI/AWS D7.2)

CSA G40.21 ' Structural Quality Steels. Supplement to National Building Code of Canad=

EN 10025 12, Hot Rolled Producis of Structural Steels

ISO 630 73, Structural Sfeels

NFPA 11 4% Standard for Low Expansion Foam

NFPA 30, Flammabile and Combustible | iguwids Code

PIFP STFOSS01 'S, Fixed [Ladders and Cages Detais

PiFP STFOS520. Fipe Rading for Walking and Working Surface Details

PIFP STFOS52 1. Defails for Angle Railings for Walking and Working Surfaces

10 American Welding Society, SSO NW LeJeune Road, Miami, Florida 33126, www._aws org.

17T Canadian Standards Association, SO060 Spectrum Way, Suite 100, Mississauga. Ontario, L4AVW SNG . Canada, www.csa ca.

12 European Committee for Standardization, Avenue Mamix 17, B-1000,. Brusseils_ Belgium._ www.cen_eu

IS5 Intermational Organization for Standardization, 1. ch_ de ia Voie-Creuse., Case postale S6,. CH-1211, Geneva 20. Switzeriand.
wwerwso org .

T4 National Fire Protection Association, 1 Batterymarch Park, Quincy. Massachusetis O2188-747 1, www.nfpa org.

IS Process Industry Practices, 3925 West Braker Lane (R4500). Austin, Texas 78759, www_pip.org.
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US. EPA 'S 40 CFR Part 63, National Emussion Sfandards for Hazardows Air Polluiants for Source Categories
(HON)

Subpart F, National Emission Sfandards for Orgarmnic Hazardows Air Pollutants from the Synthetic Organic
Chemical Manufacturnng Industry

Subpart G National Emyssion Standards for Orgarnic Hazardows Air Polfuatants from the Synthetic Organic
Chemical Manufactunng Industry for Process Vents., Sftorage Vessels. Transfer Operaftors, and Waste Water

Subpart H. National Emission Standards for Orgamic Hazardowus Air Pollutants for Eguiprment [ eaks

U.S. EPA, 40 CFR Part 68, Chemiical Accident Prevention Provisions

Subpart G, Risk Management Plan (RAMP)
US. EPA 40 CFR Part 264, Standards for Owners and Operators of Hazardous Wastfe Treatrment. Storage, and
Disposal Faciliies (RCRA)

Subpart J, Tank Systerns

U.S. Federal Specifications 7, TT-S-00230C. Seafing Compowund Electrometric Type. Single Component for
Cauwlking. Sealing. and Glazing in Buildings and Other Structures

U_S. Federal Specifications,. ZZ7-R-765C. Rubber, Siicone (General Specification)
U S.OSHA '8 29 CFR 1910, Subpart D- Walking-Working Surfaces
U.S. OSHA 29 CFR 1910.119, Frocess Safety Management of Highly Hazardous Chermicals

WRC, Bulletin 297 9, { ocal Stresses in Cylindrical Shells Due fo External | oadings—Supplement to WRC Bulletin
No. 707

Other Government Document:

".'n"/‘..'..‘.‘u‘-

i

Hershfield. D. M. 1961, "Rainfall Frequency Atlas of the United Sitates for Durations from 30 Minutes to 24 Howrs

and Return Periods from 1 to 100 Years.,” Technical Paper No. 40, Weather Bureau, U.S. Department off
Commerce., Washington, D.C_. 115 pp-

D
(al

LTl

15 US. Environmental Protection Agency, Ariel Rios Building, 1200 Pannsy'vmh Avenue, Washington., DC 20480, www. epa gov.
17 Specifications Unit (WFSIS), 7th and D Streets. S W_, Washington, DC 20407

18 U.S. Deparnment of Labor, Occupational Safety and Health Administration. 200 Constitution Avenue, NW. Washington, DC
20210, www. osha gov.

19 The Welding Research Council, 3 Park Avenue, 27th Floor. New York, New York 10016-S902, www_forengineers org.
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For the purposes of this document. the following terms and definitions apply.

3.1
centerline-stacked
The mid-thickness centerlines of plates in all shell courses coincide.

3.2

coating

A term that includes protective materials applied to or bonded to tank surfaces, including paint, protective metals (e.g.
galvanizing or cadmium plating), adhered pilastic or polyolefin maternials. Coatings are used for atmospheric,
immersion, or vapor-space service.

3.3
contract
The commercial instrument, including all attachments, used to procure a tank.

3.4
corroded thickness
A design condition egual to the nominal thickness less any specified cormrosion allowance.

3.5
corrosion allowance
Any additional thickness specified by the Purchaser for corrosion during the tank service life. Refer to 5.3 2.

3.6

design metal temperature

The lowest temperature considered in the design, which. unless expernience or special local conditions justify another
assumption, shall be assumed to be 8 °C (15 °F) above the lowest one-day mean ambient temperature of the locality
where the tank is to be installed. Isothermal lines of lowest one-day mean temperature are shown in Figure 4.2 The
temperatures are not related to refrigerated-tank temperatures (see 1.1.1).

3.7

design thickness

The thickness necessary to satisfy tension and compression strength regquirements by this standard or, in the
absence of such expressions, by good and acceptable engineering practice for specified design conditions, without
regard to construction limitations or corrosion allowances.

3.8
double-deck floating roof
The entire roof is constructed of closed-top flotation compartments.

3.9

examiner

A person who performs Nondestructive Examinations (NDE) and is qualified and certified as required in Section 8 for
the NDE method performed.

3.10
floating suction line
Internal piping assembly that allows operator to withdraw product from the upper levels of the tank.

W

-
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3.11
flush-stacked on the inside
The inside surfaces of plates in all shell courses coincide.

3.12

inlet diffusers

Intermal fill line piping with impingement plate, baffles, slots, or Iateral openings. Diffusers limit splashing and misting
of product, prevent product impingement on intermal components,. and disperse gases introduced into the tank.

3.13

inspector

A representative of an organizatton who ensures compliance with this standard and is responsible for various quality
control and assurance functions as outlined in this standard.

3.14

liner

A protective material used as a bamier but not adhered, nor bonded, to the protected surface. Typically used (1) inside
a tank 1o protect steel, (2) under a tank for leak detection (as a “release prevention barrier™), (3) in a dike yard, or (4)
on the dikes as secondary containment. Common exampiles are sheeting made from lead. rubber, plastic, polyolefin.
or geosynthetic clay (bentonite). A liner is not a coating.

3.15

ining

An intermmal coating that consists of an applied liquid material which dnes and adheres to the substate, or 2 sheet
material that is bonded to the substrate. It is designed for immersion service or vapor-space service. A lining can be
reinforced or unreinforced.

3.16

mandatory

Required sections of the standard become mandatory if the standard has been adopted by a Legal Jurisdiction or if
the Purchaser and the Manufacturer choose to make reference to this standard on the nameplate or n
Manufacturer's certification.

3.17
Manufacturer
The party having the primary responsibility to construct the tank (see 1.3 and 10.2).

3.18

maximum design temperature

The highest temperature considered in the design. equal to or greater than the highest expected operating
temperature during the service life of the tank.

3.19

nominal thickness

The ordered thickness of the material. This thickness includes any comrosion allowance and is used for determination
of PWHT requirements. weld spacing, minimum and masamum thickness imitations. etc.

NOTE The thickness used in the final structure s the nominal thickness plus or minus any wlerance allowed by this standard.

3.20
Purchaser
The owner or the owner's designated agent. such as an engineerning contractor.
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3.21

Purchaser’'s option

A choice to be selected by the Purchaser and indicated on the Data Sheet. When the Purchaser specifies an option
cowvered by an Annex, the Annex then becomes a reguirement.

3.22
recommendation
The criteria provide a good acceptable design and may be used at the option of the Purchaser and the Manufacturer.

3.23
reguirement
The criteria must be used unless the Purchaser and the Manufacturer agree upon a Mmore stringent altemative design.

3.24

single-deck pontoon floating roof

The outer penphery of the roof consists of closed-top pontoon compartments. with the inner section of the roof
constructed of a single deck without flotation means.

3.25

Welding Terms

The terms defined in 3.25.1 titwough 3.25. 21 are commonly used welding terms mentioned in this standard. See
S5_1.5_2 for descriptions of fusion-welded joints._

3.251

automatic welding

Welding with eqgquipment which performs the welding operation without adjustment of the controls by a welding
operator. The eguipment may or may not perform the loading and unloading of the work.

3.25.2

backing

The matenal—metal, weild metal, carbon, granular flux, and so forth—that backs up the joint during welding to
facilitate obtaining a sound weld at the root.

3.25.3
base metal
The metal or alloy that is welded or cut.

3.25 .4
depth of fusion
The distance that fusion extends into the base metal from the surface meited during welding.

3.25.5
filler metal
Metal or alloy to be added in making a weild.

3.25.6
fusion
The meliting together of filler metal and base metal, or the melting of base metal only. which results in coalescence.

3.25.7

heat-affected zone

The portion of the base metal that has not been meilted but whose mechanical properties or microstructures have
been altered by the heat of welding or cutting.

an wwml | 1t Ad |1 A



API 650 SECTION 3 : TERMS & DIFINITIONS(cont)
(4ela)) calad g glis

APl STtaNnDasD &S0

3.25.8
joint penetration
The mmimum depth a groove weld extends from its face into a joint, exclusive of reinforcement.

3.25.9

lap joint

A joint between two overiapping members. An overiap is the protrusion of weld metal beyond the bond at the toe of
the weld.

3.25.10

machine welding

Welding with egquipment that performs the welding operation under constant observation and control of a welding
operator. The eguipment may or may not perform the loading and unloading of the worik

3.25.11
manual welding
Welding wherein the entire welding operaton is perforrmed and controlled by hand.

3.25.12

oxygen cutting

A group of cutting processes wherein the severing of metals is effected by means of the chemical reaction of
oxygen with the base metal at elevated temperatures. In case of oxidation-resistant metals, the reaction is
facilitated by the use of a flux.

3.25.13

poros
The existence of gas pockets or voids in metal.

3.25.14
reinforcement of weld
Weld metal on the face of a groove weld in excess of the metal necessary for the specified weild size._

3.25.15

semiautomatic arc welding

Arc welding with eguipment that controls only the filler metal feed. The advance of the welding is manually
controlled.

3.25.16
slag inclusion
Nonmetallic solid matenal entrapped in weld metal or between weld metal and base metal.

3.25.17
undercut
A groove melted into the base metal adjacent to the toe of a weild and left unfilled by weld metail.

3.25.18
weld metal
The portion of a weld that has been melted during weilding.

3.25.19
welded joint
A unon of two or more members produced by the application of a welding process.
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3.2520
welder
One who performs manual or semiautomatic welding.
32521
welding operator
One who operates automatic or machine welding equipment.
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422 ASTM Specifications

Plates that conform to the following ASTM specifications are acceptable as long as the plates are within the stated
linjitations.

i
a)E ASTM A36M/A36 for plates to a maximum thickness of 40 mm (1.5 in.). None of the specifications for the

b)§;

c)

appurtenant maternials listed in Table 1 of ASTM A36M/A36 are considered acceptable for tanks constructed under
thls standard unless it is expressly stated in this standard that the specifications are acceptable.

ASTM A131M/A131, Grade A, for plates to a maximum thickness of 13 mm (0.5 in.); Grade B for plates to a
! maximum thickness of 25 mm (1 in.); and Grade EH36 for plates to a maximum thickness of 45 mm (1.75 in.)
(insert plates and flanges to a maximum thickness of 50 mm [2 in.]).

ASTM A283M/A283, Grade C, for plates to a maximum thickness of 25 mm (1 in.).

d) ASTM A285M/A285, Grade C, for plates to a maximum thickness of 25 mm (1 in.).

e) ASTM A516M Grades 380, 415, 450, 485/A516, Grades 55, 60, 65, and 70, for plates to a maximum thickness of

f)

40 mm (1.5 in.) (insert plates and flanges to a maximum thickness of 100 mm [4 in.]).

ASTM AS37M/AS37, Class 1 and Class 2, for plates to a maximum thickness of 45 mm (1.75 in.) (insert plates to
a maxamum thickness of 100 mm [4 in.]).

g) ASTM AS573M Grades 400. 450, 485/A573, Grades 58. 65, and 70, for plates to a maximum thickness of 40 mm

(1.5in.).

h) ASTM AB33M/AGB33, Grades C and D, for plates to a maximum thickness of 45 mm (1.75 in.) (insert plates to a

1

K)

D)

maximum thickness of 100 mm [4.0 in.]).

ASTM AGE62MAB62, Grades B and C, for plates to a maximum thickness of 40 mm (1.5 in.).

ASTM AB78M/ABT8, Grade A, for plates to a maximum thickness of 40 mm (1.5 in.) (insert plates to a maximum
thickness of 65 mm [2.5 in.]) and Grade B for plates to a maximum thickness of 45 mm (1.75 in.) (insert plates to a
maximum thickness of 65 mm [2.5 in_]). Boron additions are not permitied.

ASTM A737M/AT37, Grade B, for plates to a maximum thickness of 40 mm (1.5 in.).

ASTM AB41M/AB41 GradeA,Class 1 and Grade B, Class 2 for plates to a maximum thickness of 40 mm (1.5in.)

T L VYT TV \ NG AN T . el S S RN LY v T RN (7 N xS
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4?3 Sheets
Sheets for fixed and floating roofs shall conform to ASTM A1011M, Grade 33. They shall be made by the open-hearth

or basic oxygen process. Copper-bearing steel shall be used if specified on the purchase order. Sheets may be
ordered on either a weight or a thickness basis, at the option of the tank Manufacturer.

44 Structural Shapes

441 Structural steel shall conform to one of the following:
a) ASTM A36M/A3G.

b) ASTM A131MIA131.

) ASTM A992MIAS2.
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Heat Treatment of Plates W5 A cllss 4.2.8
Sl bl Akl 438 8 I8 s cilles i dS B)g A ) (S (a1 4.2.8.4
Impact Testing of Plates W8y 4a (sl 4.2.9
4.2.91 |

Toughness Requirement i <3l 4,2.10
4.2.10.3 o
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Table 4 4Ab—Material Groups (USC)
{See Figure 4_1b and Note 1 below.)

Group HLIA
Normalized, Killed
Fine-Grain Practice

Group 1
As Rolled,
Semi-killed

Group Il
As Rolled, Killed

Killed or Sani-klllod Fine-Grain Practice

Material Notes Material Notes Material Notes Material Notes
A283 C 2 Al131 8 (5] AST3-58 AST3-58 k=
A285 C 2 A36 2.5 AS516-55 AS516-55 L
A131T A 2 Ga0.21-38wW AS16850 AS516-50 =
A36 2.3 Grade 250 7 G40 21-38wW a8 S40.21-38W 8 9
Grade 235 3 Grade 250 8 Grade 250 8 9
Grade 250 S

=]

roup IV
As Rolled, Killed
Fine-Grain Practice

Grou

VA

P
As Rolied, Killed
Fine-Grain Practice

Group Vi
Normalized or
Quenched and Tempered,
Killed Fine-Grain Practice
Reduced Carbon

Material Notes Material Notes Material Notes Material Notes
AST3-55 ABE2 C AS73-70 =) A131 EH 36
AST3I-70 AST3-70 10 AS16-65 =] AGS33 C
AS516-85 S40. 2194w 8, 10 AS516-70 =] AB33 D
AS516-70 SG40.21-50wW 8, 10 G40 21-4awW 8 9 AS537 Cliass 1
ABSE2 B E275 D G40 21-50wW 8 9 AS37 Ciass 2 2
G40 2124w 8 E355 D AGT78 A
G40 21-50wW 8 S275 42 8 ASTE B 1=
EZ275 C 8 S355 (J2 or K2) 8 A737T B
:23;555; g AB41 Grade A_ Class 1 11, 12 13
30 a AB841, Grade B_Class 2 11, 12 13
Grade 275 8
NOTES

1- Most of the lbsted matenal spedfication numbers refer 1o ASTM or Ciass); there
(.\clud-tg Grade) is a CSA E27S and E3S5S
are contasned

speamus are, however,
c?:uons, specification: Grades m&%mg;areMmlsoem (Srades
sS27 “3355 (lnMr\g quality) are m ENT1002S; and Grade 235, Grade 250 S are reliated nationad standards
(see 4.2 .6).

2. Must be semi-killed or killed.

s Manganeseoonxemshalbeomu:)1.2%tryheatandystsioflhldcnessesg’eaiarm075m..exceptthat!oread\redmbnofOO‘l%
below the carbon maximum, an increase of 0.06 % manganese above the maxamuem will be permitted up 10 the maximasm
of 1.35 % nesses =< 0.75 in. shaﬂhavearmtgmoonmafom%to1_2 by heat analysis_

6. Thickness =< 1 in.

7- Must be killed.

8. Must be killed and made to faine-grain practice.

S Must be nomalized.

10. Must have chemasiry (heat) modified to a2 masamum carbon contaent of 0.209% and a maximum manganese content of 1.60 % (see 4. 2.7 _4)
11. Produced by the thermo-mechanical control procaess (TMCP)L

12 _See S.7.4.6 for tests on simuiated test coupons for material used n stress-reflieved assemblies_

13_Se= 4 2 10 for impact test requirements {(each plate-as-—rolled 1ested ).
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WELDED Tanks FOR OIL STORAGE 4-7
C *C
10 — 10
-=" —=~=
5 -~ ‘/"j/" — 55
4" /V/‘/"://
\ = == =
D - w /’ ‘;;/
A3 il —
] Ca/, GO —= s o
- ‘// ‘o'
-5 "’ ,/ "’ -5
B A N i B -
-10 ,A—";//""/ ,«NQN_;;’—" « 2= =0 e
£ sz 4 - //(’//,,; o -7 op N ==
-14 =] /—-./ ST G‘?/'/ -
s -15 —— RS — — — —15
8 > 1 ". / ”‘
5 2 = s &2 i 20
- See Note 1 2 SN L =
E J _‘_’-df'oﬁ.’;/ " o VA =] <BE
-25 - oo —4 GrouP e -25
2 i = ol P By o ooV O _—
8 =1 <= - o ]
o -30 = -30
=
 ——
-3s L -35
=a //‘ _4" Group 1A
—40 = —40
See Nota 2
—-45 —4a5
= (-3 13 s
o mm 5 10 15 20 25 30 35 40

Thickness, including corrosion allowance

NOTE 1 The Group Il and Group V ines coincide at thicknesses less than 13 mm.

NOTE 2 The Group Il and Group NIA lines coincide at thicknesses less than 13 mm.

NOTE 3 The materials in each group are Ested in Table 4 _4a and Table 4 4b.

NOTE 4 Use the Group HA and Group VIA curves for pape and flanges (see 4.5.4. 2 and 4. .54 3).

NOTE S5 Linear equabtions provided in Table 4_3a can be usad to calculate Design Meatal Temperatura (DMT) for each APl matenal group and the
thickness range.

Figure 4.1a—Minimum Permissible Design Metal Temperature for Materials Used in Tank Shells without
Impact Testing (Sl1)
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Table 4.5a—Minimum Impact Test Requirements for Plates (Sl) (See Note)

 Thce a®

Thickness Longitudinal | Transverse

Plate Material® and Thickness (7) in mm mm J J
Groups |, 11, 1ll, and IIIA

¢ < maximum thicknesses in 4.2.2 through 4.2.5 o "
Groups IV, IVA, V, and VI (except quenched and tempered and TMCP) t<40 41 27
40<r<45 48 34
45<r<50 54 41
50<r<100 68 54
Group V1 (quenched and tempered and TMCP) 1<40 48 34
40<r1<45 54 41
45<1<50 61 48
50 <1<100 68 54

3 See Table 4.4a.
b Interpolation is permitted to the nearest joule.

NOTE For plate ring flanges, the minimum impact test requirements for all thicknesses shall be those for r < 40 mm.
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4.5 Piping and Forgings

4.5.1 Unless otherwise specified in this standard, pipe and pipe couplings and forgings shall conform to the
specifications listed in 4.5.1.1 and 4.5.1.2 or to national standards equivalent to the specifications listed.

4.5.1.1 The following specifications are acceptable for pipe and pipe couplings:
a) API Spec 5L, Grades A, B, and X42;

b) ASTM AS53M/AS53, Grades A and B;

c) ASTM A106 M/A106, Grades A and B;

d) ASTM A234M/A234, Grade WPB;

e) &ASTM A333M/A333, Grades 1 and 6;

f) ASTM A334M/A334, Grades 1 and 6;

a) ASTM A420MWA420, Grade WPLE;

h) :ASTM A524 Grades | and II;

i) ?\STM AG71 (see 4.5.3).

4.5.1.2 The following specifications are acceptable for forgings:
a) ASTM A105MW/A105;

b) ASTM A181WA181;

c) ASTM A350M/A350, Grades LF1 and LF2.
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|
Mz ZZM7
SHEN: | | N | S
| ! =S

|
1 | %
%~ = 4 v 45 //;i/ A ——
—
=Y | gEv¥Y | | -
3 1 N ' ~\§ | s 1
Slip-on Flange i Ring-Type Flange
]
| = |
e z B
2 | //;, /// ,“_,2___ l / % | =
= A

e | 7 R
NN : : N
L oY | | _\©$
* * Lap Joint Flange = I

¢
< = 2

Welding-Neck Flanges Long Welding-Neck Flange

NOTE 7 Shell resanforcing plate s not included in these illustrations._
NOTE 2 ¢, = shell thickness; £, = nozzie neck thickness: 7, = flange thickness: 7T, = bodfted cowver thickness._
NOTE 3 The govermning thickness for each component shall be as follows:

Governning Thickness

Components (thénner of)

Noz=ile neck at sheall £, Oor I
SSip-on fiange and nozzie neck 2, o T,
Ring-type flange and no=z=t= neck o 7T,
Wealding-neck flange and nozzie necik [ A

Long welding-neck flange iy OF I
Nonwelded bolted cover YW T
Lap-type joant flange L, or T,

Figure 4.3—Governing Thickness for impact Test Determination of Shell Nozzie and
Manhole Materials (see 4.5.4 . 3)



Base Material P-Numbers

1 Carbon Steel
Up to %2% Cr and up to ¥2% Mo
4 1to 2% Cr and up to %2% Mo
5A 2 t0 3% Cr, 1% Mo Alloy Steel
5B 5t0 10% Cr, 1% Mo Alloy Steel
5C All 5A and 5B Materials heat treated to 85ksi+
6 Martensite Stainless Steel
7 Ferrite Stainless Steel
8 Austenitic Stainless Steel
9 2 to 5% Ni Alloy Steel
10 Mn-V, Cr-V, 9% Ni, High Cr Alloy Steels
11 Low Alloy Steel, Quenched and Tempered to 95ksi+
21 1.2% Mg of Mn Alloy Aluminum
22 1.2% Mn, 2.5% Mg, 0.25% Cu Aluminum
23 1.3% Mg, 0.7% Si, 0.25% Cr Aluminum
25 1.5% Mg, 0.8% Mn, 0.15% Cr Aluminum
31 Copper
32 Admiralty, Naval, Aluminum Brass, Muntz Metal
33 Cu- Si Alloys
34 Cu- Ni Alloys
41 Nickel
51 Titanium

61 Zirconium



QW/ QB — 422

Ferrous P-Numbers and S-Numbers

Grouping of Base Metals for Qualification

Minimum Welding Brazing
Specified
Spec. Type or UNS Tensile, ksi P- Group S- Group P- S- Nominal
No. Grade No. [Note (1)]. No. No. No. No. No. No. | Composition  Product Form
SA-36 K02600 58 1 101 C-Mn-Si Plate
SA-53 Type F 48 1 101 C Furnace
Welded Pipe
SA-53 Type S, Gr. K02504 48 1 101 C Smls. pipe
A
SA-53 Type S, Gr. K02504 48 1 101 C Resistance
A welded pipe
SA-53 Type S, Gr. K03005 60 1 101 C-Mn Resistance
B welded pipe
SA-53 Type S, Gr. K03005 60 1 101 C-Mn Smls. pipe
B
SA-105 K03504 70 2 101 C-Si Pipeflange
SA-106 A K02501 48 1 101 C-Si Smls. pipe
SA-106 B K03006 60 1 101 C-Si Smls. pipe
SA-106 C K03501 70 2 101 C-Si Smls. pipe
A-108 1015 CW G10150 60 1 1 101 C Bar
A-108 1018 CW G10180 60 1 1 101 C Bar
A-108 1020 CW G10200 60 1 1 101 C Bar



SFA-5.1
SFA-5.2
SFA-5.3
SFA-5.4
SFA-5.5
SFA-5.6
SFA-5.7
SFA-5.8
SFA-5.9
SFA-5.10
SFA-5.11
SFA-5.12
SFA-5.13
SFA-5.14
SFA-5.15
SFA-5.16
SFA-5.17
SFA-5.18
SFA-5.20
SFA-5.21
SFA-5.22

SFA-5.23

Section Il Part C  SFA-Numbers

Carbon Steel Electrodes for Shielded Metal Arc welding

Carbon and Low Steel Rods for Oxyfuel Gas Welding

Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding
Stainless Steel Electrodes for. Shielded Metal Arc Welding

Low — Alloy Steel Electrodes for Shielded Metal Arc Welding

Covered Copper and Copper Alloy Arc Welding Electrodes

Copper and Copper Alloy Bare Welding Rods and electroes

Filler metal for Brazing and Braze Welding

Bare Stainless Steel Welding Electrodes and Rods

Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods

Nickel and Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding
Tungsten and Tungsten Alloy Electrodes. For Arc Welding and Cutting
Solid Surfacing Welding Rods and Electrodes

Nickel and Nickel Alloy Bare Welding Electrodes and Rods

Welding Electrodes and Rods for Case Iron

Titanium and Titanium Alloy Welding Rods and Electrodes

Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

Carbon Steel Filler metals for Gas Shielded Arc Welding

Carbon Steel Electrodes for Flux Cored Arc Welding

Composite Surfacing Welding Rods and Electrodes

Stainless Steel Electrodes for Flux Cored Arc Welding and Stainless Steel Flux Cored Rods for

Gas Tungsten Arc Weling
Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding
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QW-432- F- Numbers

Add2000

F-No.

A BE W N e e e
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ASME Specification
Steel and Steel Alloys

SFA-5.1
SFA-5.4
SFA-5.5
SFA-5.1 & 55
SFA-5.1& 55
SFA-5.1

SFA-5.4 other than austenitic and
duplex

SFA-5.5

SFA-5.4 (austenitic and duplex)
SFA-5.2

SFA-5.9

SFA-5.17, SFA-5.18
SFA-5.20

SFA-5.22, SFA-5.23
SFA-5.25, SFA-5.26
SFA-5.28, SFA-5.29
SFA-5.30

Continued....

AWS Classification

EXX20, EXX22, EXX24, EXX27, EXX28
EXXX(X)-25, EXXX(X)-26

EXX20-X, EXX27-X

EXX12, EXX13, EXX14, EXX19, E(X)XX13-X
EXX10, EXX11, E(X)XX10-X, E(X)XX11-X
EXX15, EXX16, EXX18, EXX48

EXXX(X)15, EXXX(X)16, EXXX(X)17

E(X)XX15-X, E(X)XX16-X, E(X)XX18-X
EXXX(X), EXXX(X)16, EXXX(X)17

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

IN Ms-X, IN 5XX, In 3XX(X)




A-Numbers

QW -440

PQR s WPS ;0 b QW-404.5 wlul 2 (g2 78 (o2 loonid S 5
QW-422 OO S
A-Numbers
Classification of Ferrous Weld Metal Analysis for Procedure Qualification
Analysis, % [Note (1)]
A-no. Type of Weld Deposit C Cr Mo Ni Mn Si
1 Mill Steel 0.20 1.60 1.00
2 Carbon — Molybdenum 0.15 0.50 0.40-0.65 1.60 1.00
3 Carbon (0.4% to 2%) — Molybdenum 0.15 0.40-2.00 0.40-0.65 1.60 1.00
4 Carbon (2% to 6%)- Molybdenum 0.15 2.00-6.00 0.40-1.50 1.60 2.00
5 Carbon (6% to 10.5%)- Molybdenum 0.15 6.00-10.50 0.40-1.50 1.20 2.00
6 Carbon — martensitic 0.15 11.00-15.00 0.70 2.00 1.00
7 Carbon - Ferritic 0.15 11.00-30.00 1.00 1.00 3.00
8 Chromium- nickel 0.15 14.50-3.00 4.00 7.50-15.00 2.50 1.00
9 Chromium- Nickel 0.30 19.00-30.00 6.00 15.00-37.00 2.50 1.00
10 Nickel to 4% 0.15 0.55 0.80-4.00 1.70 1.00
11 Manganese- Molybdenum 0.17 0.25-0.75 0.85 1.25- 1.00
2.25
12 Nickel — Chrome- Molybdonum 0.15 1.50 0.25-0.80 1.25-2.80 0.75- 1.00
2.25
Note:

(1) Single Values shown above are Maximum.



Section I1- C Filler Metals AWS _2 saiiS &) 318 lulid

SFA-5.1, 5.4: SMAW

Electrode Classification

E/7018, E7018M, E7016-1HzR
E XXX X X XX
Strength + 0=DCEP d
in KSI « 1=AC or DCEP d
« 2=AC or DCEN m
« 3=ACorDC I
« 4=ACorDC I
Positi « 5=DCEP m
osition « 6=AC or DCEP .
IR « 1= All Position . 7=AC 8: DCEP m Che”?"?a'
. 9= . Composition of
2 Flat and “penetratlon” .
horizontal fillets weld Deposit

e 4= \/fertical down



Section I1- C Filler Metals  AWS s suiis p wlpld o lwbils
GTAW SFA-5.12 Electrode Classification

E W CE 2

1.8-2.2%




Section I1- C Filler Metals AWS ;s suscs p &ljld o Llwlils

GMAW SFA-5.18 Electrode Classification
ER /0 S X
Electrode/ Rod Solid Wi re
(C=Composite)




Section I1- C Filler Metals

FCAW

SFA-5.20

AWS 3O BdS <l e ‘;’wa.w

Electrode Classification

12

Electrode

Position
0- flat / horizontal
1- all position

Usability shielding
medium current and
polarity multiple /




Section I1- C Filler Metals ~ AWS s coiss p ol olobis

SAW SFA-5.23 Electrode- Flux Classification
F { A 6 EM 12K
flux Heat treatment Solid Electrode
“A” as- welded Medium Mn
“P”> PWHT




