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SPECIAL NOTES 
 

API publications necessarily address problems of a general nature. With respect to gW  io- 
ulat circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 

 

Information concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publicaéon is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be corr- 
ected as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, rea8irmed, or withdrawn at least every 
hve years. Sometimes a onmtime extension of up to two years will be added to this review 
cycle. This publication will no longer be in effect live years after its publication date as an 
operative API standard or, where an extension has been granted, upon tepublication. Status 
of the publication can be ascertained from the API Upstream Segment [telephone (202) 682- 
8000J. A catalog ofAPI publications and materials is published annually and updated quar- 
terly by API., 1220 L Street, I'd.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an API 
standard. Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the general manager of the Upstream Segment, American 
Petroleum Institute, i 220 L Stree( N.W., Washington, D.C. 20005. Requests for pcmiission 
to reproduce or translate all or any part of the material published herein should also be 
addressed to the general manager. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for appIy- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of that standard. API does trot represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicabl API standard. 

 
 
 
 
 
 
 
 

All rights r‹:served. No part ofihis work may be repmduoed, stored in a mtrieval astern, or 
transmitted by any means, electmnic, mechanical, photocopying, recording, or  otherwise, 

wif £ouf prior written perm‘Psion from the publisher. Contact fire Publisher, 
API Publishing Services, 1220 L Street, N. W., Washingon, D.C. 20005. 

 

 



 
 
 

FOREWORD 
 

This specification is under the jurisdiction of the API Committee on Standardization of 
Offshore  Structures. 

The purpose of this specification is to provide standards for the piirchase of quenched- 
and-tempered steel plate suitable for use in welded offshore structures. 

API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation ofany federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the general manager of 
the Upstream Segment, American Petroleum Institute, 1220 L Street, N.W., Washington, 
D.C. 20005. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 

SUGGESTIONS FOR ORDERING API 2W STEEL PLATE 

 
In placing orders lot steel plate to be manufactured in accordance with API Spec 2W, the 

purchaser should specify the following on the purchase order: 

Specification API Spec 2W 

Quantity Size As Required 

Grade 42, 50, 50T, or 60 

Process o£ Manufacfuze Subsection  3.2.2 

Mill Inspection by Purchaser  State advance notice requirements 

Delivery Date and Shipping Instructions As Required 

Supplementary  Requirements As Required 

The purchaser should state on the purchase order his requirements concerning the follow- 
ing Supplementary Requirements, which are optional with the purchaser. 

Note: Section I of this specification addresses the purpose:/function of several of the  supplementary 
requirements. 

Sl Ultrasonic Examination                                                                                                     

S2 Notch Toughness at Lower Temperatures 
52.1 Notch Tougkccss at — 60°C 

52.2 Notrh Toughness at Other Than —40°C ot -60°C 

52.3 Higher Notch Toughness Energy Values 

s3 

S4 

55 

S7 
 

S8 
S9 

510 
511 

 

Additional Tension Test  

Through-Thickness  (Z-Direction) Testing  

Low Sulfur Steel for Improved Through-Thickness Properties  

Low Nitrogen Content for Improved Notch Toughness in  
Strain-Aged Condition 

Strain-Aged Charpy V-Notch Impact Tests  

Simulated Post-Weld Heat Treatment  

Hardness Testing                                                                                                 

Prepioduction   Qualificadon 
S I 1.3 CTOD testing ofweld heat affected zone 
511.4  Weldability (hydrogen cracking) trsts at 

CP   (conventional preheat) level of performance 
MP  (modified preheat) level of performance  

S 12  Notch Toughness Using Drop Weight 

513 Surf:ace Quality 

514 Thickness  Tolerance  

Special Note: 
Nothing in this specification should br inteiptrtrd as indicating a preference by tb* committee for any 
material or process. In the selection of materials and processes, the purchaser must be guided by his 
experience and by the service for which the plate is intended. 



 

 
 

CONTENTS 
 

 
1 SCOPE . . . 

1.1 Coverage .  
1.2 Post Manufacturing Heating  . . 
1.3 Preproduction Qualification. . . 

 

2 TU3FERENCEDDOCUMENTS: :.:..:.:.:..:.:.:.....:.....:. 2 
 

3 GENERAL REQUIREMENTS FOR DELIVERY . .  

4 MANUFACTURING .................................................................................................. 2 
4.1 Melting. .............................................................................................................. 2 
4.2 Rolling ................................................................................................................ 2 

6 MECHANICAL  REQUIREMENTS . 

7 NOTCH TOUGHNESS REQUIREMENTS ..................................................... 4 

8 MARXIHG ............................................................................................................ 4 

APPENDIX A SUPPLEMENTARY  REQUIREMENTS  . . . 
APPENDIX B DESCRIPTION OF THBRMO-MECHANICAL 

CONTROL PROCESS. .................................................................... 9 
 

Figures 
B-1    Schematic Diagrams of Conventional and Therm‹:»Mechanical  Control Process 

of Steel Plate. . .  
 

Tables 
1 Chemical Requirements .................................................................................. 3 

2 Carbon Equivalent Maximums ................................................... 3 
3 Tensile Requirements ................................................................ 3 

4 Notch Toughness Requirements Charpy V-Notch Testing .............................. 4 
52-J Notch Toughness Requirements at Lower Temperatures Drop-Weight Testing— 

No-Birak at — 67’F (— 55°C) or Charpy Impact Testing. ...................................... 5 



Specification for Steel Plates for Offshore Structures, Produced by 
Thermo-Mechanical Control Processing (TMCP) 

 
1  Scope 

1.1  COVERAGE 

Tf›is specification coverr £o« r grades of intezmediato 
strength steel plates for use in welded consmiction of off- 
shore structures, in selected critical portions which must 
resist impact, plastic fatigue loading, and lamellar tearing. 
Grades 42, 50, and 50T are covered in thicknesses up to 6 in. 
(150 mm) inclusive, and Grade 60 is covered in thicloiesses 
up to 4 in. (100 mm) inclusive. 

1.1.1 Tt is intended tI›at steel produced to Gcades 42 and 

50T of the basic API Spec .2W, without Supplementary 
Requirements, although produced in a different manner and 
of somewhat different chemical compositions, be at least 
equivalent in minimum perfomance and, therefore, in service 
application, to the corresponding grades listed in Sections 4 
through 6 of API Spec 2H. Higher peifomiance (i.e., notch 
toughness at lower temperatures, or enhanced weldability) 
typically available with TMCP steel may be achieved by 
specification of Supplementary Requirements. 

4.4.2 API 2W steels are intended for fabrication primarily 
by cold forming and welding. The welding procedure is of 
fundamental importance and ii is presumed that procedures 
will be suitable for the steels and their intended service. 
Because of the characteristic high YSffS i:atio of TMCP 
steels, usets may want to consider welding consumables 
n'hich avoid under-matched weld metal. Conversely, the 
steels should be amendable to fabrication and welding under 
shipyard  and offshore conditions. 

 

1.2   POST MANUFACTURING HEATING 

1.2.1 D«c to the i‹›h•rent characteristics o£ the TIvtCP 
method, plates manufactured to this spec cannot be i'omied or 
posMeld heat treated at temperatures above 1100°F (595°C) 
without some risk of sustaining irreversible and significant 
losses in strength and toughness. If warm-forming is to be 
required during subsequent fabrication, the tensile and notch 
toughness properties of the finished component shaII be veri- 
fied and the properties shall conform to the requirements of 
this specification. The procedure for verification shall be sub- 
ject to mutual agreement The plates may be post-weld heat 
treated at elevated temperatures not exceeding I 100°F 
(595°C) providing test coupons are objected to a thermal 
cycle to stimulate such fabrication operations, as described in 
59. Verification or simulation is not necessary for heating at 
temperatures  not exceeding 400°F (205°C). 

4.Z.2 The primary use of these steels is in tubular joints, 
stiffened plate  coitstruction,  and  other  intersections where 

 
portions of the plates will be subject to tension in the thick- 
ness dfzection (Z-direction). Sugglemcnu ry Requirement 54 

provides for through-tI›icImess (Z-direction) testing of plates 

by the manufacturer and specifies limits for acceptance. Stip- 
plementary Requirement S 1 provides for ultrasonic examina- 
tion of the plates by the manufacturer and specifies limits for 
acceptance. 

1.2.3 For applications whete through-thicloiess properties 
ate important but Z-direction testing has not been specified, 
Supplemenary Requirement SS provides a low-sulfur chem- 
istry intended to reduce the size and number of sulfide inclu- 
sions in the plate. Supplement S5 is neither a substitute for 54 
Through-Thicloiess Testing nor a guarantee o:I a minimum 
level of through-thicloiess ductility. 

4.2.4 The notch toughness requirements specified in Sec- 
tion 7 are suitable for applications below water, or above 
water in areas of temperature climate (14°F [— 10°CJ mini- 
mum service temperature). Cold-fomied materials have loss 
toughness due to straining than that of the original flat plates, 
especially in those areas aged by the atmchinent welding of 
stubs and braces. The requirements in Section 7 take into con- 
sideration typical losses in toughness due to straining and 
aging. Supplementary Requirements S7 and S8 deal with the 
strain-aging problem, and consideration should be given to 
invoking 51 and/or 58 when the strain exceeds 5%» or when 
(Nitrogen x •» strain) exceeds 0.040. 

1.2.4.4 For applications with lowet service temperatures, 
lower test temperatures should be considered. Supplementary 
Requirement 5.2 provides for impact tests at temperatures 
other than specified in Section 7. 52. 1 provides for Drop- 
Weight or Charpy V-notch testing at — 60°C. 52.2 provides 
for such testing at temperatures less than - 40°C but other 
than —60°C. 

 
1.3  PREPRODUCTION QUALIFICATION 

Supplementary Requirement 5.11 and Section 4 of API 
RP 2Z, dealing with CTOD testing of the weld heat-affected 
zone and with resistance to hydrogen cracking, respectively, 
address problems which are not normally dealt with in a 
“commodity grade” steel specification. These problems are 
not unique to TMCP steels, but arise because: 

a. Users may be expecting higher performance from TMCP 
steels than is available with conventional steels (e.g., welding 
with no preheat, or welding with very high heat inputs while 
retaining the superior notch toughness), and 
b. This is a performance specification which accommodates  a 
variety of different steeknaking practices, rather than a reripe 



 

                                                                               API S9EClFlCATlOri 2W 

 

 

 

which completely describes all particulars of chemistry, pn» 

cess, and quality control (essential variables). 
It is intended that Supplementary Requirement 511 shall 

apply only when specified in advance by the purchaser. In 
many cases it may be possible to rely on prior data assembled 
by the steelmaker, provided no essential variables or' the pro- 
cess have been changed. 

 

2 Referenced Documents 

The applicable editions of standards referenced herein  are 
 

 
 

 

RP 2A-WSD 

3.3 Welding procedures for repairing plates ordered to Sup- 
plement I 1.3, CTOD Testing of Weld Heat Affected Zone, 
shall be subject to approval by the purchaser. 

 

4   Manufacturing 

4.1   MELTING 

The steel shall be made by the open hearth, basic oxygen, 
or electric I\›mace process. 

 
4.2   ROLLING 

The plates shall be produced by thermo-mechanical con— 

 

 
Spec 2H 

 
 

 

ASTM* 
A6/A6M-98a 

 
 

A370-9?a 

 
A578/A578M-96 

 

 

 
E10-98 

E23-98 

E208-95a 

 
 
 
 
 
 

Standard Specification  for Geneml 

Requirements for Rotted Struoiuml Steel 

Boro, Plates, Shapes and 5’/ieef Piling 

Standard Test Methods and Definitions 

for Mechanical Testing ofsleel Pmducts 

Standard Specification for Straight- 

Beam Ultrasonic Animation of Plain 

and   Clad  Steel  Plates  for  Special 
 

 

Standard Test Methodfor Burnell Hard- 

ness ofMetallic Materials 

Standard Test Methods for Notched Bar 

Impact Testing of Hetallic Materials 

Standard Test Method for Wnducting 

Drop-il'eig fi f Test to Determine Nil- 

Ductility Transition Tempemture ofFer- 

note fleets 

4.Z.4 TMCP is a rolling method in which both reduction 
and rolling temperatures are strictly controlled, and acceler- 
ated cooling may be carried out through strict control of tem- 
perature immediately After the end of rolling in order to 
provide the specified mechanical properties. A description of 
the TMCP method is given in Appendix B. 

4.2.2 The particular process used shall be identified. The 
pmcess shall be identified as to whether thenno-mechanical 
rolling (TMR) alone, or TMR and accelerated cooling (AC) 
were used. The manufacturer’s process shall be identified with 
a code nuiiiber or designation for ready reference, sufficient to 
provide traceability of process variables. It is not the intent, 
however, to require the disclosure of confidential information. 

 

5    Chemical Requirements 

5.1 The stesls shall can:Loaa to the a>juIr«meats forcI›emi- 
cal composition, as determined by heat analysis, prescribed in 
Table 1 and to the requirements of 5.2 through 5.5. 

5.2 The Carbon Equivalent of (Cfj the heat analysis shall 
be calculated by both of the following equations: 

 
CE - C + Mo/6 -r (Cr + Mo + V)/5 + (Ni -r Cu)/15 

 

3   General Requirements for Delivery 

3.4 Material furnished to this specification shall conform to 

the applicable irquitements of ASTM A6/A 6M, as modified 
herein. 

3.2 Plates not ordered to Supplement 11 may be weld 
repaired in accordance with Section 9.5.2 ofASTMA6/A6M. 
Separate welding procedure qualifications shall be made for 
each nominal chemical composition ofthe ptate material and 
filler metal to be used. Low hydrogen electrodes and welding 
processes shall be used. 

 
 

*Amefican Society for Testing and Materials, 10(i Ban Harbor 
Drive, v/<si Gonsholiockcn, Pennsylvania  19428-2959 

Penn —— C + Si/30 + (Mn + Cu + Cr)/20 + Ni/60 + 
Mof15 + V/10 + SB 

 
5.3 The maximum Carbon Equivalent be as pre- 
scribed in Table 2. 

5.4 Any element intentionally added or which appears in 
the carbon equivalent calculation shall be reported. 

5.5 Boron, vanadium, zirconium, cerium and other rare 
earth meals shall not be intentionally added without the spe- 
cific approval ofthe purchaser. 

5.5:4 Ifany of the above elements are added, the plate must 
The Additional marlrings per 8. I.e. 
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Table 1---Chemical Requirements (Heat Analysis, /q)a 
 

Element Gmde42 Gmd*sS0 B30T Gmde60 

Carbon, max. A1 6 0.16 0.16 
Manganese    

to 1 */$ in. incl. 
 

 I.UI.60 1.UI.60 
over 1 */j in. 0.90-t.60 I.UI.60 I.15—1.60 

Phosphorus, max. 
 

 0.03 0.D3 

Sulfur, max. 0010 0.010 0.010 

Silicon 0.05-0.50 0.05-0.50 0.05-0.50 

Nicl:el, max. 
 

  
 

 

Chromium, max. 0.23  025 
 

 R08  0.13 

Coppm,max. R35  0.31 

Titanium    
NSA005 

N•0005 

000j-0.02 

AX7-0.02 

J001-0.02 

000J-0.02 

R003-0.02 

0007-0.02 

Coumbium, . A03 0.03 J03 

 R012 
 

 J012 

Aluminum    
Acid soluble or 0.015--0.055 0.015--0.055  

total 0.02--0.06 0.02--0.06 0.02--0.06 

•See 5.2, 5.3, 5.4, and 5.5. 
*Nitrogen shall not be intentionally added. 

 

Table  2----Carbon  Equivalent Maximums 
 

 
 

Gnde 42 Tot/ in(40mm)iocE 
Over I *fy in. (40 rum) to 3*/ in. (90 mm) incl. 

 

 

0.41 
0.22 

0.A 

 Over 3 */J ix (90 min) i» 6 in. (150 mm) incl. 0.43 024 

Grade 50 and To I */j in. (40 nun) incl. 0.39 0.A 
Grade 50T Over I */j in. (40 mm) to 3*/j in. (90 mm) incl. 0.41 0.23 

 Over 3*/j in. (90 min) to 6 in. (150 mm) incl. 
 

 R24 

Grade 60 To I */j in (40 mm) incl. 0.42 0.23 

 Cher ljia(40 nun)to4 M. (00mm)inc1 0.45 0.25 

 
 

6 Mechanical        Requirements 6.2 One tensile test shall be taken Tom one com«r of eacl› 

6.1 The material, as tegreseated by the test spectra, .» 
plate as produced by the TIvICP method. 

confbm› to the tmsiJc z‹x(«irements prescziI›«d in Table 1. 
 

Table  WTensile Requirements 
 

                             G›ade 42 Grade SO €lrade NOT Grade 60 

Yield Strength, ksi a) 

t 5 l  in. (25 min) 42-41 

 

50-75 
 

50--80 

 

6G-90 

(290-462) 1345-517) (34s-552) (414--621) 

t » I in. (25 mm) 42-€2 511-70 5O-75 60--85 

(29T427) 
 

 (345-517) (414-586) 

Tensile Strength, trim., ksi a) 62 65 70 75 

(42?] 
 

 (483) (517) 
 

 

E1ongadonm2in50mm)nin.,°X 

EtongaGonm8 A(200mm)nu :r,°/ 

24 

20 

23 

Gra‹le PcnMidmum 
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7 Notch   Toughness     Requirements energy requirement, and test temperature of Table 4, as indi- 

7.4 One Char-py V-notch impact test, consisting of three cated in Options A through E.
 

transverse specimens, shall be made on cach plate as produced  7.2  If the average energy value for a set of three specimens 
by the TMCP Process. The specimens shall be taken from the  is below the average value specified, or tithe energy value of 
iri id-width and mid-threw:ness locations of the plate, and tested  one specimen is less than the minimum energy value speci- 
in accordance with ASTM A 673. Specimen size, test tempeia- fied for a single specimen, detests may be made as follows: 

ture and minimum energy requirements are shown in Table 4. a. Retest three additional specimens. The energy value of 

Due to the low carbon and sulfur contents, the energy of the each specimen must equal or exceed the minimum average 
full-size specimens will often exceed the limit of ASTM E23. energy value specified. 
To prevent this, the producer has the option of testing subsize b.  If the required energy values are not obtained upon retest, 
specimens to any of the combinations or' specimen sizr, the plate shall not be accepted under this specification. 

 

Table  4----Notch Toughness  Requirements, Charpy V-Notch Testing 
 

 
 

Grade 

 

 
OphOn 

 
Specimen Size 

mm 

Minimum 
Average Energy 

ft-lb (I) 

Minimum 
Single Value 

ft-lb (I) 

 
Test Temperature 

F (°C) 

47 A l0xl0 25(34) 20(27) -40(-40) 

 B 7.5x l0 25(34) 20(27) -40(-40) 

 C 5.0x10 25(34) 20(27) -40(-40) 

 
 

 K5xt0 T9(2Q 15(20) -30(-46) 

 E 5.0x 10 t3 (18) 10(14) -80(-62) 
 

 A 10x10 30(41) 23 t+4) -40(-40) 

 B 7.5x10 30(41) 25(34) -40(-40) 

 C 5.0x IO 30(41) 25(34) -40(-40) 

 D 7.5xl0 23(3!) 19(26) -]0(-4Q 

 
 

 5.0xl0 IS(20) l3(18) -80(-62) 

60 A 10xl0 35(48) ‘30(41) -40(-40) 

 B 7J xl0 35(48) 30(41) -40(-40) 

 C 5.0x10 35(48) 30(41) -40(-40) 

 
 

 

E 
7.5xt0 
5.0 ›‹ l0 

26(35) 
l8(24) 

23(31) 
IS(20) 

- 50 (— 46) 

— 80 (— 62) 

 

8 Marking 
8.1 Each plate shall be legibly steel die stamped, unless 

stenciling is specified by the purchaser, with name or brand of 
the manufacturer, heat and slab (plate) number, and API 2W 
and grade at one end of the plate not less than 12 in. (300 mm) 
from any edge. Plates under */j in. (6 mm) in thickness may be 

stenciled instead of stamped. 

The following information shall also be shown as applicable: 

a. The API Monogram may be applied to products comply- 
ing with the requirements of the specification and only by 
authorized manufacturers. 

b. Grade 42 slxiJt be marked AI'I 2W-42. 

Grade 50 shall be marked API 2W-50. 
Grade 50T shall be man:ed API 2W-50T. 
Grade 60 shall be marked API 2W-60. 

c. If any elements previously referenced in 5.5 are added, the 
plate shall be marked with a “C" adjacent to the “W" in the 
markings listed in 8.1.b. (e.g., A1't 2WC-50). 



 

 

APPENDIX A----SUPPLEMENTARY  REQUIREMENTS 
 

By agreement between the purchaser and the material 
manufacturer, and when specified on the purchase order, the 

54 Through-Thickness 
Testing 

(Z Direction) 

following  Supplementary Requirements  shall apply. 

 

S1   Ultrasonic Examination 

S4.4 Pulse Echo ultrasonic examination shall be performed 
on each plate in accordance with ASTM Specification A578/ 
A578M, Standard Specification for Straight-Beam Ultrasonic 
Examination ofPlain and Clad Steel Platesfor Special Appli- 
critic Level II shall be used. Any laminations (defined as 
ro‹ripIete tors of back  reflection)  Jth  a  dime» sion greater 

than 3 in. (75 mm) shall be cause for rejection. 

S4.2 Examination reports shall be furnished for each plate, 
the areas with more than 50% loss of back reflection shall be 
located oa the sketch. 

 

52   Notch Toughness Test at Lower 
Temperature 

S2.1 Notch touglmess tesb sI›alt I›c made ia accor‹Iartcc 
with the requirements of Section 7 or S. 12 and sball meet the 
requirements of Table S2- 1 in lieu of the requirements of 
Table 4 or S 12.2. 

S2.2 Impact tests may be made at temperatures lower than 
those specified in Table 3 or 512.2 and other than those spec• 
ified in Table 52-1. The testing temperature shall be specified 
by the purchaser and agreed to by the material manufacturer. 

fiZ.3 If the design condition requires a higher energy value, 
energy values higher than those stated in Table 52. 1 may be 
specified subject to agreement between the purchaser and the 
material  manufacMcer. 

 

S3  Additional Tension Test 

Two tension tests shall be taken from cach plate-as-rolled 
by the TMCP process (parent plate). The test specimens shall 

be tai‹en from a comer of the plate at both ends. 

54.4 This Supplementary Requirement covers the proce- 
dure and acceptance standards for the determination ofreduc- 
tion-of-area using a tension test specimen whose axis is 
normal to the surfaces of steel plates with nominal thick- 
nesses */j in. (19 mm) and greater. Definitions shall be in 
accordance with ASTM  A370. 

54.2 Number of Test Specimens. Two tests shall be taken 
from each plate-as-rolled (parent plate). 

54.3 Orientation of Resi Specimens. The longitudinal axis 
of the test specimen shall be perpendicular to the surface of 
the plate. 

S4.4 Location of Test Specimens. One test specimen shall 
be taken at the ingot axis or cast slab longitudinal centerline 
at its intersection with each edge or end of the plate. 

54.5 Preparation of Rest Specimens. Specimens shall be 
prepared as follows: 

a. Prolongations shall be joined to opposite sui-faces of the 
.plate coupon being tested, with their axes coincident. The 
joining method used should be one which results in a minimal 
heat-affected-zone in the portion of the plate being tested. 
Friction (inertial), stud, electron beam, or shielded metal-arc 
welding methods have proven to be suitable. Prolongation 
materials shall br selected so that failure shall occur in the 
plate portion of the specimen. 
b. Specimens shall be machined to the form and dimensions 
o:I the 0.500 in. (12.5 mm) round specimen of Figure 5 of 
ASTM Methods and D@nifions A370, except for the plate 
thicloiesses less than 1 */j in. (32 mm) where the 0.350 in. 
(8.75 mm) test specimen may be used. 
c. The full plate thiclniess shall be contained within the uni- 
form section with no taper permitted:L The length (“G” in 
Figure 5 of ASTM A370) of the cylindrical section of the test 
piece shall be adjusted as necessary to contain the plate thick- 
ness within a unifomi diameter throughout the section. 

 
 
 
 

Table S2-1----Notch Toughness Requirements at Lower Temperatures Drop-Weight Testing— 
No-Break at — 67°F (— 55°C), or Charpy Impact Testing 

 

 
 

 

  

Minimum 
Average Energy 

ft-lb (I) 

 
Single Value 

fl-lb t0 

 
°F(°C) 

42 t0x10 2J (34) 20 (27) — 76 (— 60) 
50 and 50T 10x I 0 30 (41) 25 (34) — 76 (- 60) 

 

 10 x10 35 (48) 30 (41) — 76 (- 60) 
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54.6 Farting. Tensile testing shall be conducted in accor- 

dance vdth the wquirements  ofASTM A370. 

54.7 Acceptance Siandamls. Standards for the acceptance 
of through-thiclniess testing shall be as follows: 

a. reach tension test specimen shall exhibit a minimum 
reduction-of-area of 30%». If one of the two specimens from a 
plate is below 30’z•' , but not below 25%e, a retest of two addi- 
tional specimens from a location adjacent to the failed 
specimen shall be made, and both of these additional deteririi- 
nations shall equal or exceed 30’Ze. 
b. Minimum reductionpf-area limits higher than stated in 
54.7a may be specified subject to agreement between the 
material manufacturer  and the purchaser. 

54.8 MarJdng. Plates accepted in accordance with this pro- 
cedure for through-thicloiess testing shall be identified by 
stamping or stenciling “Z” adjacent to marking othei-zflse 
required (i.e., API 2W-50Z). 

 
SS  Low Sulfur Steel for Improved 

Through-Thickness Properties 

SP.4  Inert. The intent of this supplementary requirement 
is to provide, by chemical control, plates with low levels of 
sulfide inclusions and thereby a reduction of the potential for 
lamellar tearing of the plate in the area of attachment welds. 

55.2 Chemistry. be k shall conform to the require- 
ments for chemical composition prescribed in Table 1, except 
iiiat tin maximum conent of sulfur on heat analysis shall be 
0.006°z'». 

S5.3 Suicide Shape ContmL H sulfide shape control is 
ordered or allowed, the method and its control shall be by 
agreement bctz'ccn the purchaser and the manufacturer. 

55.4 Through-l'hickness Testing. Through-thickness 
(Z-direction) tensile testing is not required by tbis sup- 
plementary requirement. 

SS.5 darling. Plates accepted in accordance with this sup- 
plementary requirement shall be identified by stamping “LS” 
adjacent  to manning  otherwise required.  (i.e., API2W-50LS) 

 

S7 Low Nitrogen Content for Improved 
Notch Toughness in Strain-Aged 
Condition 

57.1  The nitrogen content shall be 0.009•z’« maximum on 
heat analysis. 

 

S8 Strain-Aged CharpyV-Notch Impact 
Tests 

58.4 Char-py V-notch impact test coupons representing the 
thickest and thinnest plate of cach heat shall be uniformly 
strained 5•Z•, or more if spaiificd, in axial tension and aged at 

480°F (250°C) for one hour at temperature prior to cutting the 
test specimens. The test results shall meet the requirements of 
Section 7. 

 
S9 Simulation of Postweld Head 

Treatment 

59.4 Test coupons shall be subjected to a simulated 
postweld heat treatment provided by the purchaser that is rep- 
resentative of the thennal treatment to which the material will 
be subjected. The temperature range, time at temperature, and 
cooling rates shall be as specified on the order. 

 

S10   Hardness Testing 

510.4 This Supplementary Requirement covers the proce- 
dure and acceptance standards for surface hardness testing of 
steel plates furnished under this specification. 

540.2 The hardness test shall be made by the Burnell hard- 
ness method as described in ASTM El0-98 using a 3000 kg 
load. By agreement, other hardness test methods may be used 
and their measurement converted to Burnell values. The hard- 
ness measurement shall be made on both top and bottom sur- 
faces of specimens removed from one comer at each end of 
the plate-as-rolled. The mill surface and any decarburized 
layer shall be removed prior to testing. Not less than four 
hardness measurements shall be made on each plate, all of 
which must lie within the acceptance limits shown below. If 
any individual measurement is outside the acceptance limits 
shown brlow, two additional measurements may be per- 
fomied adjacent to the original impression. Both of the new 
measurements must comply with the acceptance limits in 
order to invalidate the‘ original measurement. 

 

 

Grade42 121—192 HBN 
Grade 50 131—207 HBN 
Grade 50T 137—207 HBN 
Grade 60 Byagreement. 

 

S11   Preproduction f2ualification 

511.1 Tl›is S« gptementary Requirement provides for 
prequalification by special welding and mechanical testing of 
a specific chemical composition range, iri combination with 
specibc steelmaking and rolling procedures, from a speci:tic 
producer. The purpose of this Supplementary Requirement is 
to minimize the amount of time and testing necessary to pre- 
pare and certify welding procedures at the fabrication yard. 

511.2 The specific testing required shall be that contained 
in Sections 4 and 5 ofAPI RP 2Z, as specified on the purchase 
order. Prior qualification by a material manufacturer may be 
accepted for fulfillment of this Supplementary Requirement, if 
documentation acceptable to the purchaser is provided:L 
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S4 4.3 Crack tip opening displacement (CTOD) testing of 
weld heat affected zone shall be performed in accordance 
with Section 4 of API RP 2Z, which provides for testing over 
the following iange of conditions: 

Heat input: 1.5 to 4.5 let/mm (38 to 114 let/in.) 
Preheat: 100° to 250°C  (212° to 480°F) 

Required CTOD for Grades 42 and 50: 
plates 3 in. (75 mm) and under in thiclniess: 

0.25 mm at —l0°C (0.010 in. at 14°F). 
plates over 3 in. (75 mm) in thiclniess: 

0.38 mm at —l0°C (0.015 in. at l4°F). 

Testing to a wider range of heat input, wider range of pre- 
heats, higher CTOD values, or lower test temperatures, is per- 
mitted at the option of the material manufacturer or when 
specified by the purchaser, and shall be deemed to satisf) the 
minimum requirements of thir Supplement. 

511.4 Weldability testing shall be conducted in accordance 
with Section 4 of API RP 2Z using two types of tests repre- 
senting different levels of restraint¡ the Controlled Thermal 
Severity (CTS) test for moderate restraint, and the V-Groove 
test for high restraint. 

 

S12   Notch Toughness Using Drop-Weight 

512.4 Drop-Weight tests shall be conducted. One plate per 
50 ton lot or part thereof of the plates in each h0fit /g U 
(16 mm) or more in thicloiess shall be ested. The plate tested 
shall be the thickest gage in each 50 ton lot. 

542.2 Drop-Weight tests shall be in accordance with 
ASTM  E208 on two P-3  specimens  from the   selected 

 

plate(s). The specimens shall be taken adjacent to the tensile 
test coupons and tested at — 30°F (— 35°C). Both specimens 
shall meet the "no break” criteria at the test temperature and 
the results shall be reported. 

542.3 If one specimen fails t“Breaks”) on any plate tested, 
detests may be made as follows: 

a. Retcst two additional specimens from each plate fot which 
a specimen failed. Each of these two retest specimens must 
pass (‘No Break”). 
b. If any of the specimens fail tipon retes( the heat shall not 
be accepted. 

 

S13   Surface Quality 

For applications where surface quality is considered critical, 
plates are to be furnished in the blasted and inspected condi- 
tioits. The depth of rolled-in scale or clusters of pits shall not 
exceed 0.015 in. and shall not i:csult in an undeigage condition. 
However, isolated individual pits not over 0.030 la deep are 
acceptable provided that the plate thickness is not reduced 
below the specified minimum. Other surface imperfections 
such as tears, seams, snakes, blisters, scabs, etc. are not accept- 
able and must be conditioned without reducing the thicloiess 
below minimum. The surface imperfections may be removed 
by grinding provided each ground area is well tarred and grind- 
ing does not reduce the thicloiess of the plate below minimum. 

 

514   Thickness Tolerance 

By agreement between purchaser and supplier, plates can 
be ordered to */j standard over tolerance for thic1‹ness shovm 
in ASTMA6. 



 
 
 

APPENDIX DESCRIPTION  OF THERMO-MECHANICAL  CONTROL  PROCESS (TMCP) 

 

B.1  Introduction 

The Thermo-Mechanical Control Process, commonly 
referred to as TMCP, has evolved from the controlled rolling 
processes which have been lniown and used for a nmber of 
years. TMCP produces fine-grained steel by a combination of 
chemical composition and integrated controls of manufactur- 
ing processes from slab reheating to post-rolling cooling, 
thereby achieving the specified mechanical properties in the 
required plate thiclniesses. TMCP requires accurate control of 

a. Thermo-Mechanical Rolling (TMR), in which steels of 
fine grain size are produced by rolling in the recrystallization 
and the non-recrystallization regions of austenite, and some- 
times in the dual-phase temperature region of austenite and 
fen:ite. Generally, a high proportion of the rolling reduction is 
performed close to, or below, the temperature at which auste- 
nite begins to transform to termite during cooling (ARE) and 
may involve rolling in the lower portion of the temperature 
range of the intercritical duplex phase region. 
b. Accelerated Cooling (AC), in vrhich steels meeting  the 

both steel temperatures and rolling reductions. See “A Synop
“ specified

 requirements  are produced  by promoting grain 
sis of High Tensile Hull Stnictural Steels Through   
Themio-Mechanical Control Proce•• t CP) in Japan," by 
Wn)i Yasuda, in HK Tech Bulletin 1983 Yer a discussion of 
the various' TMCP in use at that time. 

 

B.2   Outline of TMCP 

As shown in Figure B-1, TMCP may incorporate Mo pm- 
cesses, as foltows: 

refinement and increasing the pearlite and/or bainite volume 
fraction through controlled cooling (accelerated cooling and 
air cooling) immediately after the final controlled rolling 
(CR) or TMR operation. 

The selection, from the above, of the method to be used is 
made by the plate producer depending upon the chemical 
composition, the plate thickness, and the required properties. 

 

 

 

 

 

 
 

 
 

 

 
 

Temperature 

Type  of Processing 

ThermoMechanical  Control Processes Conventional Processes 

T fJ R A C A R N C R 

Recfystallized 
(equi-axed) 
austenite 

Normal 
slab heating 
temperature 

 

 

 

 
 

 

 

 

 

 

   

  
(elongated) 
auslenlte 

Austenite 
+ ferrite 

Fernte + 
geadite (fer ite 
+ bainite] 

Note: 
THR — Themo-mechanical rolling N  — Normalized 
AC —Accelerated cooling process CR — Controlled rolling 
AR   —As lolled QR — Reduction 

 

(1). (2). and (3) show three different TMR rolling processes. 
(4) shows a TMR process followed by an AC process. 
(5) shows the conventional AR process. 
(6) shows the conventional AR process followed by nomalizing (N). 
(7) shows a common controlled rolling (CR) process. 

 

Figure B-1---Schematic Diagrams of Conventional and Thermo-Mechanical Control Process of Steel Plate 
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Mail 0«l«n: American Petroleum Institute, Order Desk, 1220 L S£reet, N.W., Washington, DC 20005•4070 

'ax Oides: (202) 962•4776 ?hone Orden. (202} 682•8375 
 

 



 

The Werican Petroleum Institute piofidu additional resomces 
and progrms to industry which are based on II Standards. 

For more information, contact: 
 
 
 

  

• Inspector fleftiflCation  Programs Ph: ?0?—68?—8161 
 

 

• Wefican Petroleum 
Institute Quality Registrar 

 

• Ilonogram Program 

 

• Engine 0t1 £iceniing and 
Certification System 

 

• Petroleum Tint laboratory 
Accreditation   Program 

 

[ : J0Z-6A-D0T0 
 

[a: Z0J-6 A-30T0 

Ph: Z0Z-6A-WJ5 
7 : J0Z-96J-4733 

 

 

In addition, peuoleum industry technical, patent, and business 

information in available online tough II £nCompass’. 0a1l 

1—888—G04—1880 (toll—free) or 2l?—36G —4043, or fax ?1?—366—4/?8 

to discover more. 
 

 
 

 

e »ei o J0)-9D)-(7T60 seeleoMine 

American 
Petroleum 
Institute 

 
Helping You 

Get The Job 

Done Rights 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additional copies available from API Publications and Distribution: 

(202) 682-8375 

Inbrmation about API Publications, Programs and Services is 

available on the World Wide Web at: http://www.api.org 
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