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भारतीय मानक ब्यूरो 
BUREAU OF INDIAN STANDARDS
AGENDA

	Name of the Committee
	No. of Meeting
	Date & Day
	Time
	Venue

	Mechanical Testing of Metals Sectional Committee, MTD 03
	27th 
	20th December 2024
(Friday)
	2 : 00 PM
	Virtual Meeting 
Meeting link: https://bismanak.webex.com/bismanak/j.php?MTID=md3896d9bd18a58e97cbeb7128d3ed34f 
Password: MTD03


Chairman:  Dr Vikas Kumar			           Member Secretary: Shri Dushyant Hawelikar
Item 0 WELCOME AND OPENING REMARKS
Item 1 CONFIRMATION OF MINUTES OF THE LAST MEETING
The minutes of 25th meeting of Mechanical Testing of Metals Sectional Committee held on 10th May 2024 (Friday) through virtual mode, were circulated to the members vide our letter No. MTD 03/A-2.25 dated 17/05/2024.
The minutes of 26th meeting of Mechanical Testing of Metals Sectional Committee held on 29th August 2024 (Thursday) through virtual mode, were circulated to the members vide our letter No. MTD 03/A-2.26 dated 10/09/2024.
No comments have been received.
The committee may consider and approve the minutes of the previous meetings.
[bookmark: _Item_2_Scope]Item 2 SCOPE AND COMPOSITION OF COMMITTEE
2.1 Review of the membership in the Committee - In accordance with the guidelines, the composition should be compact and the membership of the committee shall be reviewed after 3 years and the organizations representing for reasonable long time without participation/contribution may be substituted by new organization that are capable of contributing in the new technologies/area of work.
2.2 Balancing of all interested groups in the Committee - It has been decided that the composition of the technical committee should be reviewed to have at least two third of the committee members representing Consumers/ Technical Bodies/ R&D/ Testing Laboratories/ educational institutions/ Govt. Departments etc, and the representation of the manufacturing industries/Associations of Industries should be not more than one third of the committee members. NGO’s and Consumer Organizations may be co-opted in Technical Committees where there is no adequate representation. In order to keep committee to a workable size, the strength of Sectional Committee is generally 30.
[bookmark: ANNEXURE2]2.3 The present composition of sectional committee is given at ANNEXURE-1.
The committee may note and review the composition of the committee in accordance with the guidelines mentioned in 2.1 and 2.2
Committee may please note.
 
2.4 The following members have informed that due to some necessary commitments, they were not able to participate in the 26th TC meeting:
1. Shri K Venkatesan – In Personal Capacity
2. Shri Raju Tambad –  FIE
3. Shri Shivakumar V – Zwickroll
4. Smt. Sunita Minz – SAIL
5. Ramachandran – Personal Capacity
2.5 Following experts are proposed to be included in respective Panels and WGs for their expertise in the mentioned subject areas.  
	Sl no.
	Designated Expert
	Organization
	Subject
	Add to Panel/Working Group

	1. 
	Dr S S K Titus

	Force and Hardness Division, NPL , New Delhi (Retired)
	1) ISO/DIS 6506-1
2) ISO/DIS 6506-2
3) ISO/DIS 6506-3
4) ISO/DIS 14577-1
5) ISO/DIS 14577-2
6) ISO/DIS 14577-3
7) ISO/CD 14577-6
8) ISO 6506-4:2014 (Ed 2, vers 2)
9) ISO 18265:2013 (Ed 2, vers 2)
	Panel 3 on "Hardness Testing” (MTD 03: P03)

	2. 
	Prof. A. Basu 
	NIT Rourkela
	
	

	3. 
	Dr. Naga Sruthi Neelam
	NIT Raipur
	1. ISO/WD TS 4596
2. ISO/AWI TR 15264
	Panel 1 on "Uniaxial Testing" (MTD 03: P01)

	3. 
	Dr. Sudip K. Sinha
	NIT Raipur
	ISO/CD 148-1
	Working Group on Charpy pendulum impact test (New WG)


[bookmark: Annex5]2.6 Committee is requested to designate the mentioned experts to ISO projects. The list is attached as Annexure 5. It is proposed that 1 to 2 experts for each subject are to be designated.


Item 3 ACTION TAKEN REPORT
	SI no
	Subject
	Decision of the committee in last meeting
	Action Taken

	1. 
	IS 17418 : 2020
ISO 16842 : 2014
Metallic Materials - Sheet and Strip
- Biaxial Tensile Testing Method Using a Cruciform Test Piece
	The committee requested Panel 2 to study ISO 16842: 2021 and submit recommendation for adoption within one month.
The panel 2 has informed BIS that that scope of this standard is outside the expertise of panel 2 hence, it may be allotted to relevant expert.
The committee requested Shri H Ramakrishna of BISS to study the ISO 16842:2021 and recommend its adoption in toto or with modifications.
Email was sent on 15/11/2022 and reminder was sent on 10/01/2023.
Recommendation is awaited.
Last reminder mail was sent on 09/08/2023.
Recommendation is awaited from Shri H Ramakrishna of M/s BISS.
The committee requested Shri H Ramakrishna of BISS to study the ISO 16842:2021 and recommend its adoption in toto or with modifications.
The committee also advised member secretary   to consult Dr Shiva Kumar - IIT Madras.
Last reminder mail was sent on 09/01/2024. 

An email was sent to Dr Shiva Kumar of IIT Madras on 07/12/2023
No response received yet. 

An email was sent to Prof K Ramesh on 09/01/2024 inviting his comments on the standard.

Recommendation is awaited.

The second edition (ISO 16842: 2021) cancels and replaces the first edition (ISO 16842:2014), of which it constitutes a minor revision. The changes compared to the previous edition are as follows: 
1. the font of “a” Figure 1 has been modified to “a”; 
1. the description in 6.1 h) has been modified for clarity; 
1. the title of Figure 2 b) has been modified for clarity; 
1. ISO 10275 has been moved from Clause 2 (Normative references) to the Bibliography; 
1. ISO 7500-1 has been added to Clause 2 (Normative references); 
1. the font of “C” Figure C.2 has been modified to “C”; 
1. general editorial corrections have been made.

The committee requested Dr S K Jain to study the modifications in revised version of ISO 16842 : 2021 and recommend for the adoption. If recommended, the document shall be sent for wide circulation one month.
Dr S. K. Jain studied the modifications in the revised version of ISO 16842 : 2021 and comments were received via email dated 16/04/2024. The comments are attached herewith:

[bookmark: _MON_1777300723]  
The committee requested Dr V. David Vijayanand from IGCAR to review the comments of Dr S. K. Jain on ISO 16842 : 2021 specifically related to Finite element analysis (Clause 5) . He was also requested to give their recommendation to adopt the ISO standard in toto or with modification within two weeks.
	Email was sent on 08/07/2023 and Reminder was sent on 01/11/2023.
Recommendation is awaited.

	1. 
	MTD/03/20807
IS 10167: 1982

Method for upsetting test on metallic materials

	In its 23rd TC meeting, the committee decided to send the document for wide circulation for a one month.
Accordingly, the document was sent for wide circulation on (08/12/2023).
No comments were received during wide circulation period. 
Subsequently, comment was received from Dr Anup Chandra through email dated 30 Dec 2023 which is placed below:
“proposed revision is good however few suggestions can be incorporated:
Cl 2
For guidance test equipment selection as given in is 14858 : 2000 may be referred

Cl 3.3.1  
For tubular or profile section can also be tested in longitudinal or cross section direction for cold upsetting. 
The above parameter is required for many applications”

M. Deepa – SAIL,Salem – Draft standard accepted
Dr Nagesha- IGCAR- Kindly note that I have no comments to make on the other two standards.
The comments provided by Shri Anup Chandra are agreed by the committee and decided to be incorporated in the draft. Committee advised member secretary to contact M/s Sundaram fasteners, Chennai and seek their comments on the draft. If no comments are received within 2 weeks, the document shall be sent for wide circulation in its present form incorporating the comments of Shri Anup Chandra. Shri Sivakumar S of JSW was requested to provide the contact details of M/s Sundaram fasteners pvt ltd.

Mail was sent to Shri Sivakumar dated 16/04/2024,26/04/2024. requesting him to provide the contact number of M/s Sundaram fasteners pvt ltd. 

The committee advised the member secretary to once again contact M/s Sundaram Fasteners Pvt. Ltd. and seek their comments on the draft. If no comments are received within 2 weeks, the document shall be sent for wide circulation in its present form incorporating the comments of Shri Anup Chandra. Shri Sivakumar S of JSW was requested to provide the contact details of M/s Sundaram fasteners pvt ltd.
	Email was sent on 05/07/2023 and reminder was sent on 01/11/2023.
Comments from Sundaram fasteners is awaited.

Committee may decide to  send the document for publication.



Item 4 DRAFT STANDARDS/AMENDMENTS FOR FINALIZATION
4.1 The committee in its last meeting decided to send the following documents for Publication. Accordingly, the following documents were sent for publication.
	Sl. No.
	IS/ISO/Doc No.
	Type
	Title
	Remark

	1. 
	MTD/03/23767
IS 17416 : 2020

	Revision
	Metallic Materials Charpy V-notch Pendulum Impact Test Instrumented Test Method
	Published as IS 17416 : 2024 / ISO 14556 : 2023

	2. 
	 MTD/03/24371
 ISO 11531 : 2022

	New
	Metallic Materials Sheet and Strip Earing Test
	Published as IS 18733 : 2024 / ISO 11531 : 2022

	3. 
	IS 3394 : 1985
	Revision
	Method for accelerated life test of electrical resistance alloys for heating elements
	Published

	4. 
	MTD/03/24421
ISO 12106 : 2017
	New 
	Metallic Materials ― Fatigue Testing ― Axial-Strain-Controlled Method
	Published as IS 18795 : 2024 (Modified)

	5. 
	[bookmark: item4one4]MTD/03/20806
IS 1598 : 1977
	Revision
	Method for izod impact test of metals
	Under Publication

	6. 
	[bookmark: _Hlk153198898]MTD/03/20809
IS 6886 : 1973
	Revision
	Method of dynamic force calibration of axial load fatigue testing machines by means of a strain gauge technique
	Under Publication


The committee may note.
4.2 The committee in its last meeting decided to send the following documents for wide circulation. Accordingly, the following documents were sent for wide circulation for one month and have completed the said period. BIS has not received any comments till date. The committee decide to send the following documents for publication. The status is as follows:
	Sl no.
	Doc No / IS no./ ISO no
	Title
	Decision of the last committee meeting 
	Date of WC & WC Draft

	1. 
	IS 17419 : 2020
ISO 17340 : 2020
	Metallic Materials - Ductility Testing - High Speed Compression Test for Porous and Cellular Metals
	The document is being modified according to the changes suggested by the committee, and the committee has decided to send the modified document for wide circulation for one month.


The committee decided to send the document for WC of one month.
	https://www.services.bis.gov.in/tmp/WCMTD2625830_26062024_1.pdf 
Date of WC - 26-07-2024

	2. 
	IS 17795 : 2022
ISO 204 : 2018
(Amalgamation of IS 3407 Part 1 : 1983 & IS 3407 Part 2 : 1983)
	Metallic materials — Uniaxial creep testing in tension — Method of test
	The document was modified according to the changes suggested by the committee, and the committee has decided to send the modified document for wide circulation for one month.


	https://www.services.bis.gov.in/tmp/WCMTD2625831_08072024_2.pdf 
Date of WC - 07-08-2024

	3. 
	IS 6885 (Part 1) : 2020
ISO 4545-1 : 2017
	Metallic Materials — Knoop Hardness Test Part 1 Test Method
	The committee decided to adopt the latest version of ISO 4545-1:2023 in toto. Also, send the comments of Dr S K Jain to ISO for their consideration which was shared through agenda item no 10.3.2
The committee decided to Send the document for WC of one month.
	https://www.services.bis.gov.in/tmp/WCMTD2625832_26062024_1.pdf 
Date of WC - 26-07-2024

	4. 
	IS 1586 (Part 1) : 2018
ISO 6508-1 : 2016
	Metallic materials - Rockwell hardness test: Part 1 test method
	The committee decided to adopt the latest version of ISO 6508-1:2023 in toto. Also, send the comments of Dr S K Jain to ISO for their consideration which was shared through agenda item no 10.3.2
The committee decided to Send the document for WC of one month.
	https://www.services.bis.gov.in/tmp/WCMTD2625816_11062024_1.pdf 
Date of WC - 12-07-2024

	5. 
	IS 1586 (Part 2) : 2018
ISO 6508-2 : 2015
	Metallic materials - Rockwell hardness test: Part 2 verification and calibration of testing machines and indenters
	The committee decided to adopt the latest version of ISO 6508-2:2023 in toto. Also, send the comments of Dr S K Jain to ISO for their consideration which was shared through agenda item no 10.3.2
The committee decided to Send the document for WC of one month.
	https://www.services.bis.gov.in/tmp/WCMTD2625817_10062024_1.pdf 
Date of WC - 10-07-2024

	6. 
	IS 1586 (Part 3/Sub- Sec 2012) : 2018
ISO 6508-3 : 2015
	Metallic Materials - Rockwell Hardness Test Part 3 Calibration of Reference Blocks
	The committee decided to adopt the latest version of ISO 6508-3:2023 in toto. Also, send the comments of Dr S K Jain to ISO for their consideration which was shared through agenda item no 10.3.2
The committee decided to Send the document for WC of one month.
	https://www.services.bis.gov.in/tmp/WCMTD2625818_11062024_1.pdf 
Date of WC - 11-07-2024

	7. 
	IS 1501 (Part 1) : 2020
ISO 6507-1 : 2018
	Metallic Materials — Vickers Hardness Test Part 1 Test Method
	The committee decided to adopt the latest version of ISO 6507-1:2023 in toto. Also, send the comments of Dr S K Jain to ISO for their consideration which was shared through agenda item no 10.3.2
The committee decided to Send the document for WC of one month.
	https://www.services.bis.gov.in/tmp/WCMTD2625819_11062024_1.pdf 
Date of WC - 12-07-2024


Committee may decide to send the documents for publication. 
Item 5 DRAFT STANDARD/ AMENDMENTS FOR APPROVAL FOR WIDE CIRCULATION
There is no standard approval for wide circulation.
The committee may please note.
Item 6 DRAFTS UNDER PREPARATION
There is no standard draft under preparation.
The committee may please note.
Item 7 COMMENTS ON PUBLISHED STANDARDS
[bookmark: _Hlk90366990]No comments were received on the printed standards since the previous meeting.
The committee may please note.
Item 8 NEW SUBJECTS
8.1 Following is the list of new proposals for proposing new subjects for national standardization which were received since last meeting.
	SI no 
	Subject
	Decision during the last meeting
	Current status

	1
	Miniature testing of metals 
	BIS has received a proposal from Prof Raghu Prakash, IIT Madras, through standards portal which is placed below. However, working draft is awaited from the proposer.


Dr V Karthik informed the committee that expression of interest may be sought from the industries and labs. A workshop or series of lectures may be conducted in this regard in the first week of July. 
Based on the response of the program, detailed plan will be submitted by Dr Karthik. 
Committee noted the suggestion of Dr Karthik and requested him to proceed as proposed and submit a working draft.  The committee also requested Dr Karthik to identify estimated funding required and the potential users who can contribute in funding for this project. Subsequently, prepare a proposal, that can be sent to identified funding sources and funding can be requested. 
A detailed plan of action for this project should be prepared. 
Experts in this field need to be identified and a panel to be created.
There is a need for discussion on the subject like:
1. Which test method is proposed to be formulated 
1. Stakeholders in this activity 
1. Labs for ILC 
1. Funding requirement (expected expenditure)
1. Participants in funding 

It is informed that following subjects are currently under consideration by ISO :
Committee felt that more focused approach should be adopted to develop the standard on miniature specimen testing. Committee then discussed the method of tests that can be developed and came to a decision that efforts should be started to develop standards on “Tensile testing of Miniatured samples” under lead role of Dr Karthik from IGCAR and “Fatigue Crack Growth Method        - fatigue testing of Miniatured samples” under lead role of Dr Jalaj from DMRL(DRDO) . Committee also requested BISS to take active role in developing both the standards since they are also working in the same areas. 
Two dedicated working groups may be created to develop these standards. Leaders as mentioned were requested to build a team of experts to form a working group to develop the standard. 
To start the work, it is very important to have a working draft hence efforts should be made to make a working draft. 
Prof Raghu Prakash of IIT Madras was requested to take active role in both the groups and prepare Research Project Funding requirements which can be useful for fund raising from BIS and other institutions.       
A panel meeting was scheduled on 18/12/2023.
Meeting was attended by -  Dr Karthik- IGCAR, Dr Raghu Prakash- IIT Madras, Dr Jalaj Kumar- DMRL and Shri Ramakrishna Hebbar – BISS.
Following is the summary of the discussion:
It was recommended that working group is to be reconstituted with the experts given below: 
1. IGCAR- Dr V Karthik (Convener)
1. IIT Madras -Prof Raghu Prakash 
1. NML- Dr Sivaprasad
1. BARC - Dr Kundan Kumar
1. DMRL - Dr Jalaj
1. IISc- Dr Praveen Kumar
1. BISS- Shri Ramakrishna Hebbar  
The draft standard of ISO 6892-5 was discussed, and participants were requested to share their comments in the ISO commenting template. It was noted that the voting date for the NWIP ballot on ISO 6892-5 had ended, but there were still some comments and queries that needed to be addressed. Participants were requested to share their comments on Form 4 and the draft standard on ISO 6892-5, which could be sent to BIS for further submission to ISO for consideration. Comments were to be shared within one week since the deadline is already over."
Subsequently, Dr Karthik communicated that he has no specific comments on draft standard ISO 6892-5. Dr Jalaj has indicated the following comment: The use of non contact extensometer needs to be deliberated.
2nd Panel meeting was held on 16/01/2024. 


Panel convener – Dr Karthik briefed the committee about the recommendations of the panel. Committee has noted the minutes of 1st panel meeting and decided to participate in ongoing project of ISO i.e. ISO 6892-5 instead of developing the draft standard indigenously. However, if in case the views of India are not considered adequately, the modified draft may be prepared based on the ISO document. A separate study shall also be conducted if found necessary as per the recommendation of the panel. Committee also decided to   modify the panel composition as follows:

1. IGCAR- Dr V Karthik (Convener)
1. IIT Madras -Prof Raghu Prakash 
1. NML- Dr Sivaprasad
1. BARC - Dr Kundan Kumar
1. DMRL - Dr Jalaj
1. IISc- Dr Praveen Kumar
1. BISS- Shri Ramakrishna Hebbar  

Committee also decided to nominate Prof Raghu Prakash, Dr Kundan Kumar and Dr Sivaprasad in addition to Dr Karthik to project ISO 6892-5 and requested BIS to register them in ISO global directory as well as experts in ISO TC 164 SC1 WG 4 allowing them to attend the meetings organized by the WG 4. Committee also directed the aforesaid experts to participate in all the works related to the ISO project and requested BIS to do the needful.

Committee requested the WG members to prepare a consolidated comment as soon as possible which needs to be sent to ISO for their consideration.

Committee advised member secretary to write to the project leader of ISO 6892-5 requesting the documents referred in the draft document (bibliography). If not received from ISO, the same should be procured through BIS. Committee also advised member secretary to share all the referred documents with the panel for their study.
WG meeting was held on 17/02/2024, following are the comments finalised by the WG to be sent to ISO for further consideration.



Accordingly, the comments were sent to ISO with the approval of Chairperson vide email dated 06/03/2024. 
Following reply was received from the ISO WG Convener Mr Johannes Aegerter :
--
Regarding ISO/TS 6892-5 I would like to describe the situation as follows:
The issue was presented and discussed the first time in the meetings in Mokpo 2017 (in the 16th meeting of ISO/C 164/SC 1/WG 4 resp. the 44th meeting of ISO/C 164/SC 1) and it was decided to register the proposal as an ISO/TR. Since that time the document was discussed in ISO/C 164/SC 1/WG 4, the progress was always presented to ISO/TC 164/SC 1. 
Since many years India is member in ISO/TC 164/SC 1, since September 2023 India has nominated an expert in ISO/TC 164/SC 1/WG 4. Two meetings of ISO/TC 164/SC 1/WG 4 (24th meeting on 12th Dec. 2023, 25th meeting on 25th Jan. 2024) have been hold since that time. The unanimous recommendation of WG 4 to SC 1:
WG4 recommends to start the DTS ballot in SC1. 
Because of the intensive work on this document and the high grade of consensus the document should be published in near future. 
It may be that it is not an absolute perfect document, but the users are waiting for it!  
Your comments can be discussed in the next meeting of WG 4. But for that it is essential that you give input in the column “proposed change” in the template for comments.
The documents requested by Working group in its 2nd meeting ( [13],[14] of bibliography ) are being procured by BIS. Conference transcript was available for sale hence the same is being procured. 
It will be made available to WG members once it is procured. 
As per the decision of the committee - Prof Raghu Prakash, Dr Kundan Kumar and Dr Sivaprasad are registered in ISO global directory and ISO TC 164 SC1 WG 4 as experts.
WG meeting was scheduled on 4th May (Saturday) at 1600h to discuss and finalize the contents for “ proposed changes” .
Accordingly, final comments submitted by the panel convenor are placed below : 


Committee decided to send the comments recommended by working group to ISO/TC 164/SC 1/WG 4. 


	The ISO/TC 164/SC 1/WG 4 meeting on the "Conventional Quasi-Static Tensile Test Procedure" was held on 18/09/2024 in hybrid mode. 
The following members attended the meeting:
1) Dr Sivaprasad – NML
I attended the meeting yesterday. Following are the salient points wrt our comments.
1. Our comment on removal of Note 2 (on high temperature part) was partially accepted. In the sense  that  there would be no "note" but suggestion to perform high temperature test will be part of running text with specific caution to take care of environmental interaction (eg., oxidation). Committee wanted to keep it since there were specific requests on this aspect from organisations like NASA.
2. Our comment to increase the acceptable variation in mechanical properties from 5% to 10% was not accepted, since many members (particularly from US, Germany and France) told there are strong literature support to prove that the variations can be kept within 5% if the test technique is perfected.
3.Our comment to include the grain size in the report, was accepted with a rider "if known"

I also raised the point on use of non-contact extensometer (though it was not communicated), the opinion of the committee was as long as it meets the accuracy and precision of contact type extensometer there are no issues.
The committee, in general, was not in mood to take up any technical comments from any country as they were apparently discussed many time. We had to force it.

Meeting minutes are attached herewith: 



	2
	Test Procedure to Characterize Intrinsic Threshold Stress Intensity Range
	BIS has received the working draft from Dr Sunder, BISS vide email dated 04th Aug 2022 which is placed below:

           


 Dr Vishwas C of BISS proposed a new subject for standards formulation on ‘Standard test method to characterization intrinsic threshold stress intensity range’. The proposal was received through BIS standards portal on 12/01/2023 as suggested during the 21st committee meeting of MTD3. 
The committee in its 21st committee meeting has agreed to take up the subject for national standardization and decided to formulate a panel with following composition:
1. Dr Vikas Kumar, DMRL (Convener) 
2. Prof. Raghu V. Prakash (Sr. VP, InSIS) 
3. Prof. Praveen Kumar, IISc 
4. Dr Kartik Prasad, DMRL
5. Dr Sunder, BISS
6. Shri Ramesh Koraddi, BISS 
7. Shri Vishwas Chandra, BISS Labs
Expert Invitation :
Dr Andrew Rosenberger and Dr Santosh Narasimhachary.
The committee also requested Dr Sunder to provide a one page write up on the subject. This write up can be sent to institutions seeking their interest to be a part of the panel that is to be formed for formulation of this standard.
One page writeup on the subject was received which is placed below:


A panel meeting was held on 9th March 2023 to discuss and layout the plan for formulation of standard on the proposed subject.
The committee decided to include Dr Vikram Jayaram of IISc Bengaluru to the panel and requested him to submit a detailed proposal for funding from BIS and other bodies who are willing to take part in this activity. A detailed plan is requested to be prepared by panel.
Reminder mail was sent on 09/08/2023.
Recommendation is awaited.
Committee advised the panel to lay out a plan of action along with timeline. Prepare a detailed Term of Reference so that other organizations can also be approached with the proposal of formulating this standard and can be asked for the necessary help. 
Committee requested InSIS to work on the subject more proactively and arrange more experts’ discussions.
The panel was again requested to deliberate on the draft provided by Dr Sunder and prepare a plan of action.

Reminder mail was sent on 19/04/2024. 
Recommendation is still awaited.
Shri Vishwas Chandra, BISS Labs has informed the committee that the document is being discussed internally with the InSIS community and it will be submitted in due course
	Inputs awaited. 

	3.
	Anisotropic yielding performance 

	Proposal received by Additive Manufacturing Research Laboratory IITJ which was circulated to committee through standards portal on 02/01/2024. 
No comments were received on the proposal. 




A proposer may be requested to deliver a presentation on the proposed subject.
The committee constituted a working group to discuss the new work item proposed as follows: 
1) Dr Jalaj Kumar - DMRL
2) Dr Niranjani - DMRL
3) Dr Nagesh - IGCAR
Working group is requested to provide a recommendation whether a standard should be formulated on the subject or not. 
If required by the WG, the proposer may also be involved in the discussions.
	A Working Group meeting was held on 22/05/2024.
Summary of WG meeting: 
It has been observed that the proposal does not introduce a novel testing methodology but rather suggests an additional procedure to the existing Knoop hardness test. The primary focus is on utilizing Knoop hardness values to determine the anisotropy present in materials. While this approach leverages established testing protocols, it does not constitute a significant advancement in testing methods that would warrant the establishment of a separate standard.
 
Furthermore, the proposal lacks substantial material justification to support its recognition as an independent standard. The scope presented is considered to be quite limited, which raises concerns regarding the practical applicability and the breadth of impact such a standard would have within the industry. It is essential for a new standard to demonstrate a clear advantage or improvement over current practices, which, in this case, seems to be insufficiently substantiated.
 
Additionally, a critical aspect of any standardization process is the quantification of results. The proposal, as it stands, does not provide a method for quantifying the anisotropic yielding performance. This omission is a significant drawback, as quantifiable results are crucial for the validation, comparison, and implementation of standards in practical scenarios.
 
Enhancements in the areas of testing innovation, material justification, and result quantification would greatly improve the potential for this proposal to contribute meaningfully to the field of material science and engineering.
 
In light of these findings, it is recommended that the proposal be rejected for national standardization. 

Based on the WG's recommendations and subsequent approval of chairperson of MTD 3, the proposed NWIP has not been approved and has therefore been rejected.
Committee may note.


The committee may deliberate and decide
8.2 To propose a new work item for national standardization please do the following:
Go to manakonline.in > standardization> Propose new work item
The committee may please note.
Item 9 TECHNICAL ISSUES
There is no technical issues. 
The committee may please note.
Item 10 INTERNATIONAL ACTIVITIES
[bookmark: _10.1__]10.1.1 The National Standards Bodies who are members of ISO have the right to participate in the work of its technical committees and subcommittees and working groups as participating (P members) or observer (O member) with the following responsibilities:
a) ‘P’ members have to participate actively in the work, with an obligation to vote on all questions formally submitted for voting within the technical committee or subcommittee and on draft documents at different stages or processing and, whenever possible, to participate in meeting (s).
b) `O’ members have to follow the work as an observer, and therefore, receive committee documents and have the right to submit comments and to attend meetings
c) National Bodies irrespective of their status as ‘P’ or ‘O’ member within a technical committee or subcommittee have the right to vote on draft International Standards.
10.1.2 India is ‘P’ member on
ISO TC-164 (P): Mechanical Testing of Metals
ISO TC-164 SC-1 (P): Uniaxial Testing 
ISO TC-164 SC-2 (P): Ductility Testing
ISO TC-164 SC-3 (P): Hardness Testing
ISO TC-164 SC-4 (P): Fatigue Fracture and Toughness Testing 
10.1.3 The details of the standards formulated by this ISO Technical Committee are enclosed at ANNEXURE-III
		The committee may note.
[bookmark: _10.2_India’s_participation]10.2 India’s participation in ISO meetings
10.2.1 There is no upcoming meetings under various ISO committees. 
		The committee may note.
10.2.2 List of ISO/TC committee registered members:
	Sl No.
	ISO TC/SC
	Role
	Name

	1. 
	ISO/TC 164
“Mechanical testing of metals”
	Member
	Dr S K Jain

	
	
	Member
	Dr Jalaj Kumar

	2. 
	ISO/TC 164/SC 1
"Uniaxial testing"
	Member
	Dr V Karthik

	3. 
	ISO/TC 164/SC 1/SG 1
“Continuous force calibration”
	Member
	Dr S K Jain

	4. 
	ISO/TC 164 SC1 WG2
 “Creep and stress relaxation testing”
	Member
	Dr V.D. Vijayanand

	
	
	Member
	Dr A. Nagesha 

	5. 
	ISO TC 164 SC1 WG4 
 “Conventional quasi static tensile test”
	Member
	Dr V Karthik
Dr Raghu Prakash
Dr S Sivaprasad
Dr Kundan Kumar 

	6. 
	ISO/ TC 164/ SC4
“Fatigue, fracture and toughness testing”
	Member
	Dr Vikas Kumar
Shri Anand Sankar

	7. 
	ISO/ TC 164/ SC4/ WG 2 
“Pendulum impact toughness”
	Member
	Dr V Karthik

	8. 
	ISO/ TC 164/ SC4/ WG 3 
“Fracture toughness”
	Member
	Dr Vikas Kumar

	9. 
	ISO/ TC 164/ SC4/ WG 5 
“Fatigue testing: general conditions”
	Member
	Dr Vikas Kumar

	10. 
	ISO/ TC 164/ SC4/ WG 6 
 “Fatigue testing: elasto-plastic strain and crack growth conditions”
	Member
	Dr Vikas Kumar



10.2.3 ISO meetings attended by the following members:

	Sl no.
	ISO/TC
	Date 
	Member
	Brief Report

	1. 
	44th meeting of ISO/TC 164/SC 2 "Ductlity Testing"
	19/09/2024
	Kaushik Bandyopadhyay (Panel 2 Member) MTD 3
	Report awaited

	2. 
	26th Meeting of ISO/TC 164/SC 1/WG 4 "Conventional quasi-static tensile test procedures"
	16/09/2024
	Dr Sivaprasad - CSIR - National Metallurgical Laboratory, Jamshedpur"
	Following are the salient points wrt our comments.
1. Our comment on removal of Note 2 (on high temperature part) was partially accepted. In the sense that there would be no "note" but suggestion to perform high temperature test will be part of running text with specific caution to take care of environmental interaction (eg., oxidation). Committee wanted to keep it since there were specific requests on this aspect from organisations like NASA.
2. Our comment to increase the acceptable variation in mechanical properties from 5% to 10% was not accepted, since many members (particularly from US, Germany and France) told there are strong literature support to prove that the variations can be kept within 5% if the test technique is perfected.
3.Our comment to include the grain size in the report, was accepted with a rider "if known"

I also raised the point on use of non-contact extensometer (though it was not communicated), the opinion of the committee was as long as it meets the accuracy and precision of contact type extensometer there are no issues.
The committee, in general, was not in mood to take up any technical comments from any country as they were apparently discussed many time. We had to force it.

	3. 
	Meeting of ISO/TC 164/SC 4 "Fatigue, Fracture and toughness testing"
	18/10/2024
	Mr Anand Sankar (Director, Technical Operations) - ABS Instruments Private Limited, Chennai
	Report Awaited.


Committee may note.
10.2.4 ISO Ballot ‘Call for the Secretariat of ISO/TC 164/SC 3’issued by ISO TC 164.
1. Mechanical Testing of Metals Sectional Committee (MTD 3) is National Mirror Committee for ISO TC 164 ‘Mechanical Testing of Metals’ and ISO TC 164 SC 3 ‘Hardness Testing’ where India is a ‘P’ Member.
2. The ISO ballot ‘Call for the Secretariat of ISO/TC 164/SC 3’ was open for vote from 26/04/2024 to 19/07/2024. The questions asked and documents received along with the ballot.
3. The secretariat is relinquished by DIN – Materials Standards Testing Committee, Sebastian Lubbert (Committee Manager).
4. Details of ballot along with documents was circulated to the NMC members through email on 15/05/2023 and comments were invited till 03/07/2023. 
5. The information was also shared with NMC members through whatsapp group. 
6. Many members agreed that BIS should take responsibility of ISO TC 164 SC 3 secretariat. 
7. Accordingly, the approval of the Chairman of MTD 3 to vote "Yes" on the ballot was furnished via email dated 19/07/2023 and vote was casted.
8. Subsequently, an email was received from committee manager of ISO TC 164, Mr. Hitoshi Yoshida regarding the reallocation of the secretariat of ISO/TC 164/SC 3 "Hardness Testing," where he has sought certain inputs from India which is placed below.
9. As a result of the ballot, the four P-members have offered to take over the Secretariat of ISO/TC 164/SC 3. Therefore, in accordance with 1.9.4 in "ISO/IEC Directives, Part 1, 2024", the final decision will be made by the technical management board in the ISO Central Secretariat.
10. The matter was taken with panel on Hardness Testing (MTD03:P03). 
11. Accordingly, panel meetings were conducted to discuss the inputs sought by Mr Hitoshi.
12. 

[bookmark: _MON_1795615593]After deliberation, answers were finalised which are placed below. These answers were discussed with HMTD and conveyed to committee manager vide email dated 30 Sept 2024.  		
13. As per the recommendation of the panel Dr S S K Titus was recommended for the panel convenorship.
14. Subsequently, acknowledgement was received from Mr Hitoshi.
15. 
 
16. Decision will be taken by Technical Management board of ISO which is awaited. Committee will be appraised later on any updates in this regard. 
Committee may please note.
10.2.5 List of ISO ballots that are currently open for comments is as given below. Email for seeking the comments from respective committee have already been sent. If any members are interested to share any comments on the following subjects, please share your comment before end date. 
	Sl no.
	Reference & Title
	Reference test blocks, question(s) being asked, and voting options are as follows:
	ISO/TC
	Last date of comments
	Last date of ballot

	1. 
	CIB on the reappointment of TC 164/WG 2 Convenor (2025-2027)
		No.
	Questions
	Possible Answers

	1
	Do you approve the draft Resolution 112 ?
	Yes
No  *
Abstention



	
ISO/TC 164

	15 Dec 2024
	23 Dec 2024

	2. 
	ISO/DTS 6892-5.2
Metallic materials — Tensile testing — Part 5: Specification for testing miniaturised test pieces
		No.
	Questions
	Possible Answers

	1
	Do you approve the technical content of the final draft?
	Approval
Approval with comments*
Disapproval
Abstention



	ISO/TC 164/SC 1
	20 Dec 2024
	31 Dec 2024

	3. 
	ISO/NP 26203-3
Metallic materials — Tensile testing at high strain rates — Part 3: Test method at elevated temperature
		No.
	Questions
	Possible Answers

	1
	1a. Do you approve, disapprove or abstain on this NWIP?
	Approve
Disapprove  *
Abstain due to lack of consensus
Abstain due to lack of national expert input

	2
	Please also select from one of the following options (note that if no option is selected, the default will be the first option):
	Draft document can be registered as a Working Draft (WD - stage 20.00)
Draft document can be registered as a Committee Draft (CD - stage 30.00)
Draft document can be registered as a Draft International Standard (DIS - stage 40.00)

	3
	In case of disapproval, do you believe that further study and consultations are needed first among committee members on this proposal as a preliminary work item before this proposal can be formally accepted?
	Yes
No

	4
	1b. Did you consult with the range of relevant stakeholders identified in the proposal in the development of this voting position and related comments?
	Yes
No

	5
	2. Standard(s), regulation(s), and other relevant documentation existing in our country, with any remarks concerning their application if necessary and consequences for global relevance, as well as copyright information on these documents, are attached:
	Yes (references provided below)  *
No

	6
	3. Do you wish to add any additional comments?
	Yes  *
No

	7
	4. We are committed to participating actively in the development of the project, at least by commenting on working drafts (P-members voting "Disapprove" in Qu. 1a may nevertheless nominate experts):
	Yes (and we nominate an expert below)  *
No



	ISO/TC 164/SC 1
	13th Jan 2025 
	23rd Jan 2025

	4. 
	ISO/NP 25586
	
	ISO/TC 164/SC 2
	20th Jan 2025
	29th Jan 2024

	5. 
	ISO/DIS 23296 (Ed 2)
Metallic materials – Fatigue testing – Force controlled thermo-mechanical fatigue testing method
		No.
	Question
	Possible options

	1
	Do you approve the technical content of the draft?
	Approval
Approval with comments  *
Disapproval  *
Abstention



	[bookmark: _GoBack]ISO/TC 164/SC 4
	14th Feb 2025
	25th Feb 2025

	6. 
	CIB for approval of the updated “ISO/TC 164 Business Plan
		No.
	Question
	Possible options

	1
	Do you approve the draft of updated “ISO/TC 164 Business Plan” ??
	Yes 
No*
Abstention

	2
	Do you have any comments?
	Yes*
No



	ISO/TC 164
	13th Jan 2025 
	25th Jan 2025



The committee may please note and take a decision to vote the ballot with voting options available.
10.2.6 Visit of Japanese delegates to BIS HQ
Mr Kuwabara has made a presentation on the proposed new standard about the biaxial bulge test method under ISO/TC164/SC2. 
Following members attended the meeting physically: 
1. Prof. Toshihiko KUWABARA (Tokyo University of Agriculture and Technology) : Proposer of the standard 2. Mr. Yukihiro JINNO (Osaka Science and Technology Center) : Co-proposer of the standard 
3. Ms. Makiko SODEOKA (Osaka Science and Technology Center) : Colleague of Mr. JINNO 
4. Project prof. Susumu TAKAHASHI (Nihon university) : Head of Japanese delegate of ISO/TC164/SC2 5. 
5.Dr S K Jain, Member MTD 3 
Following members have participated through virtual mode: Dr Vikas Kumar- Chairperson MTD 3, Dr Kaushik Bandyopadhyay- IIT Bhilai, Dr Sushil Kumar- IIT Bombay 
Following is the material presented during the visit:



Proposer sought india's support in the formulation of new standard.
[bookmark: Annexure4]10.2.7 List of ISO ballots have been voted on the recommendation of this committee has been placed ANNEXURE 4.
10.3 Harmonizing of Indian standards with ISO standards
10.3.1 Members are requested to examine ISO standards vis-à-vis Indian standards and send their comments to BIS secretariat, if any so that Indian standards could be revised /harmonized on the basis of ISO standard. Comments, if any, will be tabled during the meeting for consideration of the committee. 
The committee may please note.
10.3.2 The ISO standards which are adopted as Indian Standard have been either revised and the latest version are given below:
	Sl No
	IS/ISO
	Latest version
	Decision during the last meeting
	Remarks

	1. 
	IS 12261 : 1987

Method for reverse torsion test for metallic wire
	ISO 9649:2023
Metallic materials
Wire
Reverse torsion test
	IS 12661:1987 and ISO 9649:2023 are based on the same subject. Hence standards may be studied and compared.
The mail sent on 16/04/2024 to MTD 16 for revision of IS 12261 : 1987. IS 4454 (Part 4) is under Quality Control Order (QCO) which refers to IS 12661 for reverse torsion test. Hence relevant sectional committee (MTD 16) was contacted for any comments.    Possibility of adoption of 'ISO 9649:2023 Metallic materials - Wire - Reverse torsion test' was also conveyed.
The member secretary of MTD 16 sent comments via email dated 23/04/2024. The recommendation is as follows:

“As a member secretary, I have gone through the standards IS 4454 (Part 4), IS 12261 : 1987, and ISO 9649 : 2023.
It is to inform that; reverse bend test is not a mandatory test as per IS 4454 (part 4). Further, it is observed that, adoption of ISO 9649 : 2023, may not create much obstacle or impact to IS 4454 (Part 4).”

The committee requested to Dr S. K. Jain to study the IS 12261 : 1987 vis a vis ISO 9649 : 2023, and give their recommendation to adopt ISO standard for revision of Indian Standard.
	Inputs awaited

	2. 
	IS 8632 : 2023
ISO 3785 : 2006
Metallic materials - Designation of test specimen axes in relation to product texture
	ISO 3785:2023
Metallic materials
Designation of test specimen axes in relation to product texture

	ISO 3785 : 2006 has been revised to latest version ISO 3785 : 2023. 
Committee may decide to adopt the latest version.
Committee members were requested to identify related experts and inform the member secretary.
	 


[bookmark: _Item_11_Programme]Item 11 PROGRAMME OF WORK
11.1 The updated list of Indian Standards formulated by MTD-03 is given at ANNEXURE II.
11.1.1 Standards Published since the last meeting: 
No standards published since the last committee meeting.
The committee may please note.
11.2	Review of Indian Standards
11.2.1 The review of each and every existing Indian standard shall follow the Action Research based approach. This implies that preparation of a Review Document to be put up to the committee for consideration must be preceded by the following activities:
1. Study and analysis of relevant international standards.
1. Literature survey on the subject.
1. Interaction with the industry on the changes in the technologies, manufacturing processes or test methods.
1. Visit to leading manufacturing units for the first-hand information on the manufacturing processes.
1. Interaction with BIS officers and labs for feedback on certification and test method related issues.
11.2.3 Review of standards shall be taken up through the Review Module of the Standardization Portal. 
11.2.4 The present directives indicate that the standards fall under the above category shall be reviewed thoroughly and while reviewing following points should be considered.
           i)  Does the Standard meet the present demand of the industry and the consumers?
           ii)  Is it compatible with the available international standards,
           iii) Whether these standards are required to be continued or not,
           iv) Prospective implementation of the standard, 

11.3 Periodical Review of Standards - Each published Indian standard is required to be reviewed by the concerned sectional committee after every five years of its publication/Reaffirmation. Following standards are due for review this year. Decision needs to be taken to reaffirm/revise/amend the existing standard. 
	Sl No
	IS Number
	IS Title
	Due Date
	Decision of the last meeting
	Remarks

	1. 
	IS 1501 (Part 1) : 2020
ISO 6507-1 : 2018
	Metallic Materials — Vickers Hardness Test Part 1 Test Method ( Fifth Revision )
	March, 2025
	The committee advised the member secretary to circulate the list of standards due for review in 2024-2025 to the committee members via email for the comments. 
	See item no 4.2 sl no 7

	2. 
	IS 12261 : 1987
	Method for reverse torsion test for metallic wire
	February, 2025
	
	See item no 10.3.2  sl no. 1

	3. 
	IS 1598 : 1977
	Method for izod impact test of metals (First Revision)
	February, 2025
	
	See item no 4.1 sl no 4

	4. 
	IS 6885 (Part 1) : 2020
ISO 4545-1 : 2017
	Metallic Materials — Knoop Hardness Test Part 1 Test Method ( Second Revision )
	March, 2025
	
	See Item no. 4.2 sl no 3

	5. 
	IS 17418 : 2020
ISO 16842 : 2014
	Metallic Materials - Sheet and Strip - Biaxial Tensile Testing Method Using a Cruciform Test Piece
	March, 2025
	
	See item no 3 sl no 1

	6. 
	IS 17419 : 2020
ISO 17340 : 2014
	Metallic Materials - Ductility Testing - High Speed Compression Test for Porous and Cellular Metals
	March, 2025
	
	See item no 4.2 sl no. 1

	7. 
	IS 3410 : 1993
	Metallic materials - Determination of linear thermal expansion (First Revision)
	February, 2025
	
	See item no 11.4.2 sl no 1

	8. 
	IS 17416 : 2020
ISO 14556 : 2015
	Metallic Materials - Charpy V-notch Pendulum Impact Test - Instrumented Test Method
	March, 2025
	
	IS 17416 : 2024
ISO 14556 : 2023 revised standard 

	9. 
	IS 1501 (Part 4) : 2020
ISO 6507-4 : 2018
	Metallic Materials — Vickers Hardness Test Part 4 Tables of Hardness Values ( Fifth Revision )
	March, 2025
	
	The mail sent to Panel 3 (Hardness Testing) dated 14/11/2024.

Dr S K Jain sent the comment received via email on 22/11/2024.

 “The standards may be reaffirmed with simultaneously taking up the revision.” 

Committee may decide to reaffirm these standards in its present form.


	10. 
	IS 1501 (Part 2) : 2020
ISO 6507-2 : 2018
	Metallic Materials — Vickers Hardness Test Part 2 Verification and Calibration of Testing Machines ( Fifth Revision )
	March, 2025
	
	

	11. 
	IS 1501 (Part 3) : 2020
ISO 6507-3 : 2018
	Metallic Materials — Vickers Hardness Test Part 3 Calibration of Reference Blocks ( Fifth Revision )
	March, 2025
	
	

	12. 
	IS 6885 (Part 4) : 2020
ISO 4545-4 : 2017
	Metallic Materials — Knoop Hardness Test Part 4 Tables of Hardness Values ( Second Revision )
	March, 2025
	
	

	13. 
	IS 6885 (Part 2) : 2020
ISO 4545-2 : 2017
	Metallic Materials — Knoop Hardness Test Part 2 Verification and Calibration of Testing Machines ( Second Revision )
	March, 2025
	
	

	14. 
	IS 6885 (Part 3) : 2020
ISO 4545-3 : 2017
	Metallic Materials — Knoop Hardness Test Part 3 Calibration of Reference Blocks ( Second Revision )
	March, 2025
	
	

	15. 
	IS 17413 (Part 2) : 2020 ISO 26203-2 : 2011
	Metallic Materials - Tensile Testing at High Strain Rates Part 2 Servo-Hydraulic and Other Systems
	March, 2025
	
	

	16. 
	IS 17417 (Part 2) : 2020
ISO 4965-2 : 2012
	Metallic Materials - Dynamic Force Calibration for Uniaxial Fatigue Testing Part 2 Dynamic Calibration Device ( DCD ) Instrumentation
	March, 2025
	
	

	17. 
	IS 1403 (Part 1) : 1993
ISO 7799 : 1985
	Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test
	February, 2025
	
	The mail sent to Panel 7 (Ductility Testing) dated 14/11/2024.
Shri Madhusudan sent the comment received via email on 22/11/2024.

“We regularly conduct the tests according to ISO: 16630-2017 for automotive customers.
Presently we have not come across requirement of any kind of changes in the standard.

I propose that the standard may please be reaffirmed in its present form.”

Dr Kaushik Bandyopadhyay sent the comments received via email on 22/11/2024. 

“1. Metallic Materials — Sheet and Strip — Hole Expanding Test: the standard is re-affirmed in its present form.
2. Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test: although the year of publication is before 2000, can we maintain the same standard if no complaint/dissatisfaction is raised. Also considering no change in ISO standard.”

Shri Anand Sankar – ABS Instruments sent the comment received via email on 22/11/2024.
“I have no changes to suggest for IS 17414 : 2020 (ISO 16630 : 2017) or for IS 1403 (Part 1) : 1993 (ISO 7799 : 1985).”
Smt. M Deepa – SAIL Salem sent the comment received via email on 22/11/2024.
“No changes to suggest for IS 17414 : 2020 (ISO 16630 : 2017) or for IS 1403 (Part 1) : 1993 (ISO 7799 : 1985).”


	18. 
	IS 17414 : 2020
ISO 16630 : 2017
	Metallic Materials — Sheet and Strip — Hole Expanding Test
	March, 2025
	
	

	19. 
	IS 13237 : 1991
	Metallic foil - Tension testing
	February, 2025
	
	The mail sent to Panel 1 (Uniaxial Testing) dated 14/11/2024 and 22/11/2024.

Recommendation is still awaited.

 

	20. 
	IS 4169 : 2014
ISO 376 : 2011
	Metallic materials - Calibration of force proving instruments used for the verification of uniaxial testing machines (Second Revision)
	February, 2025
	
	

	21. 
	IS 1828 (Part 2) : 2015
ISO 7500-2 : 2006
	Metallic materials - Verification of static uniaxial testing machines: Part 2 tension creep testing machines - Verification of the applied force (First Revision)
	February, 2025
	
	

	22. 
	IS 1608 (Part 2) : 2020
ISO 6892-2 : 2018
	Metallic Materials - Tensile Testing Part 2 Method of Test at Elevated Temperature ( Fourth Revision )
	March, 2025
	
	

	23. 
	IS 1757 (Part 1) : 2020
ISO 148-1 : 2016
	Metallic Materials — Charpy Pendulum Impact Test Part 1 Test Method ( Fourth Revision )
	March, 2025
	
	The mail sent to Panel 4 (Impact Testing) dated 14/11/2024 and 22/11/2024.

Recommendation is still awaited.

	24. 
	IS 1757 (Part 2) : 2020
ISO 148-2 : 2016
	Metallic Materials - Charpy Pendulum Impact Test Part 2 Verification of Testing Machines ( Fourth Revision )
	March, 2025
	
	

	25. 
	IS 1757 (Part 3) : 2020
ISO 148-3 : 2016
	Metallic Materials - Charpy Pendulum Impact Test Part 3 Preparation and Characterization of Charpy V-notch Test Pieces for Indirect Verification of Pendulum Impact Machines ( Fourth Revision )
	March, 2025
	
	

	26. 
	IS 17417 (Part 1) : 2020
ISO 4965-1 : 2012
	Metallic Materials - Dynamic Force Calibration for Uniaxial Fatigue Testing Part 1 Testing Systems
	March, 2025
	
	The mail sent to Panel 4 (Fatigue and Fracture Testing) dated 14/11/2024 and 22/11/2024.

Recommendation is still awaited.

	27. 
	IS 2855 : 1991
	Thermostat metals - Determinantion of flexivity (First Revision)
	February, 2025
	
	

	28. 
	IS 3711 : 2020
ISO 377 : 2017
	Steel and Steel Products — Location and Preparation of Samples and Test Pieces for Mechanical Testing ( Third Revision )
	March, 2025
	
	

	29. 
	IS 17413 (Part 1) : 2020
ISO 26203-1 : 2018
	Metallic Materials - Tensile Testing at High Strain Rates Part 1 Elastic-Bar-Type Systems
	March, 2025
	
	



11.4 Pre-2000 Standards 
 11.4.1 A5 Size standards 
The A5 size Indian Standards published under this committee that have been identified for review are given below:
11.4.2 In the previous committee meeting, the committee has taken the following pre-2000 standards for review and allotted the work to members for the review. Details and action taken thereof has been mentioned below:
	SI no
	IS no.
	IS Title
	Decision of the committee during previous meeting
	Action  taken to the committee

	1. 
	IS 3410 : 1993
	Metallic materials - Determination of linear thermal expansion (First Revision)
	Comment from Dr Swaminathan is as follows:
The relevant ASTM standard is E228-22 (released in Jan 2023). The Indian standard can be updated as per the ASTM standard. I have attached the 2017 version in pdf format. 
ASTM E228-17   Standard Test Method for Linear Thermal Expansion of Solid Materials With a Push-Rod Dilatometer 

The committee requested Dr Karthik to study IS 3410 and provide comments for its revision.
Response of Dr Karthik is placed below:


The committee decided to constitute a working group and discuss the comments in the working group.

Committee may deliberate and discuss.
The following members are as follows in the working group:

1.  CGCRI - Dr Suman Mishra
2. NML Jamshedpur- Dr Sivaprasad
Expert from IGCAR (seek recommendation from Dr Karthik).

Relevant experts are to be identified and a working group is to be set up for discussion. 

Committee advised member secretary to coordinate with Dr Sudha of IGCAR, Dr Sivaprasad of NML and Dr S R Dhakate  of VAMAS.

Reminder mail was sent on 19/04/2024 to Dr Sudha of IGCAR, Dr Sivaprasad of NML and Dr S R Dhakate of VAMAS.

Dr. Sudha commented send via email dated 29/04/2024, that there are same comments in IS 3410 as those sent by Dr. Karthik.

	Dr S K Jain comment received via email dated on 09/07/2024. The comment is attached herewith:



ARP given to HIMANSHU KUMAR,
SCIENTIST-C,
PATNA BRANCH OFFICE.

	2. 
	IS 11240 : 1985
	Method for falling weight test on  metallic materials
	The committee again requested M/s FIE – Shri R V Tambad to review the standard and give recommendation within 1 month.
Committee also suggested that this standard should be compared with IS 10623 Drop weight tear test on ferritic steels and line pipe.

Last reminder mail was sent on 09/01/2023.
Recommendation is still awaited.

The committee again requested Shri R V Tambad to study the standard IS 11240 vis a vis IS 10623.

Reminder mail was sent to Shri R V Tambad on 19/04/2024 and 29/04/2024.
	Email was sent on 05/07/2023 and reminder was sent on 01/11/2023.
Recommendation is awaited.


The committee may deliberate and decide further course of action.
Item 13. R&D PROJECTS FOR ESTABLISHMENT/REVISION OF INDIAN STANDARDS
13.1 The current guidelines for R&D projects for establishments /revision of Indian Standards under XII plan funds are given:


The Committee may please note and identify the projects to be taken up for inclusion of empirical data and insights or testing and validation of new methods.
Item 14. LATEST INITIATIVES TAKEN BY BIS:
14.1 Pro-Active Actions Taken for Dissemination of Information through Social Media: 
14.1.1 Since last meeting of the Council, a series of important Indian Standards have been published and number of workshops/seminars have been conducted by BIS for dissemination of information about these. In order to reach large number of stakeholders and communicate effectively with them, social media tools like Facebook, Instagram, WhatsApp, Twitter, LinkedIn, YouTube, etc are being utilized by BIS and the same may be followed at below mentioned links for information on BIS activities: 
  Facebook: https://www.facebook.com/IndianStandards/ [image: Logo Facebook Instagram YouTube Png Template | PosterMyWall]
Instagram: https://www.instagram.com/indianstandards/
YouTube: http://bit.ly/BISYouTubeOfficial[image: 9B7F7F6A]
LinkedIn: http://bit.ly/BISLinkedInOfficial [image: Twitter logo and symbol, meaning, history, PNG]
		Twitter: http://bit.ly/BISTwitterOfficial (@IndianStandards)

The Committee may please note

14.2 The Rolling Annual Action Plan for the year 2024-2025.


14.3 Tentative Annual Calendar of Technical Committee Meetings

	Quarterly Meeting Schedule 2024-25
	 

	TC
	March 2024
	April 2024
	May 2024
	June 2024
	July 2024
	August 2024
	September 2024
	October 2024
	November 2024
	December 2024
	January 2025
	February 2025
	March 2025

	MTD 3
	
	 
	10/05/2024
(Fri)
Virtual
	 
	 
	 29/08/2024 (Thu)
Virtual
	
	 18-10-2024
(Fri)

	 
	20/12/2024
(Fri)
Virtual
	 

	 
	03/03/2025
(Mon)



Item 15 DATE AND PLACE OF NEXT MEETING
Item 16 ANY OTHER BUSINESS




ANNEXURE-1
 COMPOSITION OF MECHANICAL TESTING OF METALS SECTIONAL COMMITTEE, MTD 03
	Meeting
	Date
	Place

	[bookmark: _heading=h.qychfknuxj8x][bookmark: _heading=h.rm9dch5pns07]Twenty Four (24th)
	19th January 2024
	Hybrid (Chennai)

	Twenty Five (25th)
	10th May 2024
	Virtual 

	Twenty Six (26th)
	29th August 2024
	Virtual


  
Scope:	Standardization in the field of mechanical testing of metals
CHAIRMAN: Dr Vikas Kumar 
[bookmark: _heading=h.svlfqlxoz7d0]
	Sl No.
	Organization
	Representative(s)

	24th 
	25th 
	26th 
	Total

	1. 
	ABS Instruments Pvt. Ltd., Chennai
	Shri Anand Sankar (Principal)
Shri Bhagirath Sai Sankar (Alternate)
	Y
	Y
	Y
	2/3

	2. 
	Bharat Heavy Electricals Ltd, Haridwar
	Shri Gopal Singh (Principal)
Shri Varun Panwar (Alternate)
	Y
	Y
	Y
	2/3

	3. 
	BISS, Bangalore
	Shri Ramesh Koraddi (Alternate)
Shri Vishwas C (Alternate)
	A
	Y
	Y
	2/3

	4. 
	CSIR - Structural Engineering Research Centre, Chennai
	Dr A Ramachandra Murthy
Dr S Vishnuvardhan 
	Y
	Y
	Y
	3/3

	5. 
	CSIR - National Aerospace Lab, Bangalore
	Dr C.M. Manjunatha (Principal)             
Dr N Jagannathan (Alternate)
	Y
	A
	A
	1SS/3

	6. 
	CSIR - National Metallurgical Laboratory, Jamshedpur
	Dr  S Sivaprasad (Alternate)
	Y
	A
	Y
	2/3

	7. 
	Defence Metallurgical Reasearch Laboratory, Hyderabad
	Dr Jalaj Kumar (Principal)
Smt V.L. Niranjani (Alternate)
	Y
	Y
	Y
	3/3

	8. 
	DGQA, (M & E) (Ichapur, WB-743144)
	Shri K. Saha (Principal)
Shri T K Prusty (Alternate)
	Y
	A
	A
	1/3

	9. 
	Fuel Instrument & Engineer Pvt Ltd, Ichalkaranji
	Shri Raju V. Tambad (Principal)    
Shri Ajit kumar Jaipal Koik (Alternate)
	A
	A
	A
	0/3

	10. 
	Hindalco Industries limited, Mumbai
	Shri Amar Ghatak (Principal)
Shri Atul Gupta (Alternate)
Shri Sumit Gahlyan (Young Professional)
	Y
	Y
	A
	2/3


	11. 
	Indian Institute of Technology, New Delhi(Newly co-opted)
	Prof. D. Ravi Kumar (Principal)
Prof. Sujeet K Sinha (Alternate)
	-
	Y
	A
	1/2

	12. 
	Indian Institute of Technology Ropar (Newly co-opted)
	Dr Abhishek Tiwari (Principal)
Dr Hariprasad Gopalan (Alternate)
	-
	Y
	Y
	2/2

	13. 
	Indira Gandhi Centre for Atomic Research, Kalpakkam
	Dr V. Karthik (Principal)
Dr A. Nagesha (Alternate)
Dr V. David Vijayanand (Alternate)
	Y
	Y
	Y
	3/3

	14. 
	Instron India Ltd, New Delhi/Chennai
	Shri Ramakrishna Hebbar (Principal) 
Shri Rohit Dash (Alternate)
	A
	Y
	A
	1/3

	15. 
	In Personal Capacity, Chennai
	Shri N. Ramachandran

	Y
	Y
	A
	2/3

	16. 
	In personal Capacity, Gurugram
	Dr S K Jain
	Y
	Y
	Y
	3/3

	17. 
	In personal Capacity, Chennai
	Shri K Venkatesan
	Y
	A
	Y
	2/2

	18. 
	JSW Steel Ltd., Bellary
	Dr S. Manjini (Principal)
Shri R. Madhusudan (Alternate)

	Y
	A
	Y
	2/3

	19. 
	National Accreditation Board for Testing and Calibration Laboratories, New Delhi
	Shri N Venkateswaran (Principal)
Shri Siribabu (Young Professional)
Shri Naveen Jangra (Alternate)
	A
	A
	Y
	1/3

	20. 
	National Test House, Kolkata
	Rakesh Saini
Shri A. Verma
	A
	A
	Y
	1/3

	21. 
	Research & Development Centre for Iron and Steel, (SAIL), Ranchi
	Dr P P Sarkar (Principal)             
Shri Kartik Nageswaran (Alternate)
	Y
	Y
	Y
	2/3

	22. 
	Steel Authority of India Limited (SAIL) - Salem Steel Plant, Salem
	Smt. Deepa M (Principal)             
Shri Selwyn Nathaniel PR (Alternate)
	Y
	Y
	Y
	3/3

	23. 
	Shriram Institute for Industrial Research
	Shri Alok Kumar (Principal)
Shri Aneesh Kumar (Alternate) 
Shri Abhinav Kumar (Young Professional)
	Y
	Y
	Y
	3/3

	24. 
	Tata Motors Ltd, Pune/Jamshedpur
	Shri Lokesh Paliwal (Principal)             
Shri Anoop Toby (Alternate)
	Y
	Y
	Y
	2/3

	25. 
	VAMAS Indian Chapter
	Dr Sanjay R. Dhakate Principal)
Dr M. Saravanan (Alternate)
	Y
	Y
	Y
	3/3

	26. 
	ZwickRoell Private Limited, Chennai
	Shri Shiva Kumar V (Principal)
	Y
	Y
	A
	2/3



The panel composition:
Panel 1 Uniaxial Testing
1 Shri Ramakrishna Hebbar – ITW India Pvt Ltd (Panel convener)
2 Shri  Shivakumar – Zwick Roell
3 Dr A Nagesha –  IGCAR Kalpakkam
4 Dr Jagannathan N – CSIR-National Aerospace Laboratories
5 Shri Alok Kumar – Shriram Institute for industrial research
6 Dr V. Karthik – Indira Gandhi Centre for Atomic Research, Dept of Atomic Energy, Kalpakkam
7 Shri Bhagirath Saisankar – ABS Instruments Pvt Ltd
8 Dr A. Ramachandra Murthy – CSIR-Structural Engineering Research Centre
[bookmark: _Hlk166252592]Panel 3 Hardness Testing
1 Shri R V Tambad – FIE (Panel convener)
2 Dr Siribabu K – National accreditation board for testing and calibration laboratories
3 Shri Alok Kumar – Shriram Institute for industrial research
4 Dr M. Saravanan – CSIR-National Physical Laboratory
5 Dr V. Karthik – Indira Gandhi Centre for Atomic Research, Dept of Atomic Energy, Kalpakkam
6 Shri Bhagirath Saisankar – ABS Instruments Pvt Ltd
Panel 4 Fatigue and Facture Testing
1 Dr   A Nagesha –  IGCAR Kalpakkam (Panel convener)
2 Dr Jalaj Kumar – DMRL (DRDO) 
3 Shri Ramakrishna Hebbar – ITW India Pvt Ltd 
4 Shri Shivakumar – Zwick Roell
5 Dr Jagannathan N – CSIR-National Aerospace Laboratories
6 Dr Vishwas C – Bangalore Integrated System Solutions
7 Dr. S. Vishnuvardhan – CSIR - Structural Engineering Research Centre
8 Shri Bhagirath Saisankar – ABS Instruments Pvt Ltd
9 Dr A. Ramachandra Murthy – CSIR-Structural Engineering Research Centre
Panel 5 Impact Testing
1. Dr Jalaj Kumar – DMRL (DRDO) (Panel convener)
2. Dr Vishwas C – Bangalore Integrated System Solutions 
3. Shri Ramakrishna Hebbar – ITW India Pvt Ltd 
4. Shri Shivakumar – Zwick Roell 
5. Dr Jagannathan N – CSIR-National Aerospace Laboratories
6. Dr. S. Vishnuvardhan – CSIR - Structural Engineering Research Centre
7. Shri Alok Kumar – Shriram Institute for industrial research
8. Dr V. Karthik – Indira Gandhi Centre for Atomic Research, Dept of Atomic Energy, Kalpakkam
[bookmark: _Hlk166252554]Panel 7 Ductility Testing
1 Shri Shivakumar – Zwick Roell (Panel convener)
2 Shri Alok Kumar – Shriram Institute for industrial research
3 Dr Kaushik Bandhopadhyay – IIT Bhilai
Panel 8 Panel on Intrinsic threshold intensity range 
1. Dr Vikas Kumar, DMRL (Convener) 
2. Prof. Raghu V. Prakash (Sr. VP, InSIS) 
3. Prof. Praveen Kumar, IISc 
4. Dr Kartik Prasad, DMRL
5. Dr Sunder, BISS
6. Shri Ramesh Koraddi, BISS 
7. Shri Vishwas Chandra, BISS Labs



ANNEXURE II

PROGRAMME OF WORK 
(LIST OF INDIAN STANDARDS PUBLISHED BY MTD 3)
MTD 3 Mechanical Testing of Metals Sectional Committee
SCOPE : Standardization in the field of mechanical testing of metals 
LIAISON :	ISO TC-164 SC-1 (P): UNIAXIAL TESTING 
ISO TC-164 SC-2 (P): DUCTILITY TESTING  
ISO TC-164 SC-3 (P): HARDNESS TESTING
ISO TC-164 SC-4 (P): FATIGUE, FRACTURE AND TOUGHNESS TESTING 
ISO TC-164 (P): MECHANICAL TESTING OF METALS 
	Subject Area: Uniaxial Testing

	SI. No.
	IS No.
	TITLE

	1. 
	IS 13237 : 1991
	Metallic foil - Tension testing

	2. 
	IS 13838 : 2023
	Mechanical Testing of Metals- Determination of Poissons Ratio

	3. 
	IS 3410 : 1993
	Metallic materials - Determination of linear thermal expansion First Revision

	4. 
	IS 2854 : 1990
	Determination of young s modulus tangent modulus and chord modulus - Test method

	5. 
	IS 3407 (Part 1) : 1983
	Method for creep testing of steel at elevated temperatures Part 1 tensile creep testing First Revision

	6. 
	IS 3407 (Part 2) : 1983
	Method for creep testing of steel at elevated temperatures Part 2 tensile creep stress rupture testing First Revision

	7. 
	IS 17795 : 2022
ISO 204:2018
ISO 204:2018
	Metallic materials- Uniaxial creep testing in tension - Method of test

	8. 
	IS 4169 : 2014
ISO 376 : 2011
ISO 376 : 2011
	Metallic materials - Calibration of force proving instruments used for the verification of uniaxial testing machines Second Revision

	9. 
	IS 1608 (Part 1) : 2022
ISO 6892-1 : 2019
ISO 6892-1 : 2019
	Metallic materials - Tensile testing - Part 1 Method of test at room temperature

	10. 
	IS 1608 (Part 2) : 2020
ISO 6892-2:2018
ISO 6892-2:2018
	Metallic Materials - Tensile Testing Part 2 Method of Test at Elevated Temperature Fourth Revision

	11. 
	IS 1608 (Part 3) : 2018
6892-3:2015
6892-3:2015
	Metallic materials - Tensile testing Part 3 method of test at low temperature

	12. 
	IS 1828 (Part 1) : 2022
ISO 7500-1 : 2018
ISO 7500-1 : 2018
	Metallic Materials - Calibration and Verification of Static Uniaxial Testing Machines - Part 1 Tension Compression Testing Machines - Calibration and Verification of the Force-Measuring System

	13. 
	IS 1828 (Part 2) : 2015
ISO 7500-2:2006
ISO 7500-2:2006
	Metallic materials - Verification of static uniaxial testing machines Part 2 tension creep testing machines - Verification of the applied force First Revision

	14. 
	IS 12872 : 2021
ISO 9513 : 2012
ISO 9513 : 2012
	Metallic Materials - Calibration of Extensometer Systems Used in Uniaxial Testing Second Revision

	15. 
	IS 17413 (Part 1) : 2020
ISO 26203-1:2018
ISO 26203-1:2018
	Metallic Materials - Tensile Testing at High Strain Rates Part 1 Elastic-Bar-Type Systems

	16. 
	IS 17413 (Part 2) : 2020
26203-2:2011
26203-2:2011
	Metallic Materials - Tensile Testing at High Strain Rates Part 2 Servo-Hydraulic and Other Systems

	Subject Area: Ductility Testing

	1. 
	IS 10167 : 1982
	Method for upsetting test on metallic materials

	2. 
	IS 5242 : 1979
	Method of test for determining shear strength of metals First Revision

	3. 
	IS 1599 : 2023
ISO 7438 : 2020
ISO 7438 : 2016
	Metallic materials Bend test

	4. 
	IS 1403 (Part 1) : 1993
ISO 7799:1985
ISO 7799:1985
	Metallic materials Sheet and strip 3 mm thick or less Reverse bend test

	5. 
	IS 1717 : 2018
ISO 7800 : 2012
ISO 7800 : 2012
	Metallic materials - Wire - Simple torsion test Fourth Revision

	6. 
	IS 1716 : 2023
ISO 7801:1984
ISO 7801:1984
	Metallic materials Wire Reverse bend test

	7. 
	IS 1755 : 2018
ISO 7802:2013
ISO 7802:2013
	Metallic Materials - Wire - Wrapping test Second Revision

	8. 
	IS 2329 : 2005
ISO 8491:1998
ISO 8491:1998
	Metallic materials - Tube In Full Section - Bend test Second Revision

	9. 
	IS 2328 : 2018
ISO 8492:2013
ISO 8492:2013
	Metallic materials - Tube - Flattening test Third Revision

	10. 
	IS 2335 : 2005
ISO 8493:1998
ISO 8493:1998
	Metallic Materials - Tube - Drift expanding test Second Revision

	11. 
	IS 2330 : 2018
ISO 8494 : 2013
ISO 8494 : 2013
	METALLIC MATERIALS - TUBE - FLANGING TEST

	12. 
	IS 12260 : 2018
ISO 8495 : 2013
ISO 8495 : 2013
	Metallic Materials - Tube - Ring - Expanding test First Revision

	13. 
	IS 12278 : 2018
ISO 8496 : 2013
ISO 8496 : 2013
	Metallic Materials - Tube - Ring tensile test Second Revision

	14. 
	IS 12261 : 1987
ISO 9649
	Method for reverse torsion test for metallic wire

	15. 
	IS 11999 : 2022
ISO 10113:2020
ISO 10113:2020
	Metallic Materials Sheet And Strip Determination of Plastic Strain Ratio

	16. 
	IS 15756 : 2022
ISO 10275:2020
ISO 10275:2020
	Metallic materials - Sheet and strip - Determination of tensile strain hardening exponent

	17. 
	IS 17146 (Part 1) : 2023
ISO 12004-1 : 2020
ISO 12004-1 : 2020
	Metallic materials Determination of forming-limit curves for sheet and strip Part 1: Measurement and application of forming-limit diagrams in the press shop

	18. 
	IS 17146 (Part 2) : 2023
ISO 12004-2:2021
ISO 12004-2:2021
	Metallic materials Determination of forming-limit curves for sheet and strip Part 2 Determination of forming-limit curves in the laboratory

	19. 
	IS 17414 : 2020
ISO 16630:2017
ISO 16630:2017
	Metallic Materials Sheet and Strip Hole Expanding Test

	20. 
	IS 17415 : 2023
ISO 18338:2021
ISO 18338:2021
	Metallic materials Torsion test at room temperature

	21. 
	IS 17418 : 2020
ISO 16842 : 2014
ISO 16842 : 2014
	Metallic Materials - Sheet and Strip - Biaxial Tensile Testing Method Using a Cruciform Test Piece

	22. 
	IS 17419 : 2020
ISO 17340:2014
ISO 17340:2014
	Metallic Materials - Ductility Testing - High Speed Compression Test for Porous and Cellular Metals

	23. 
	IS 10175 : 2018
ISO 20482 : 2013
ISO 20482 : 2013
	Metallic materials - Sheet and strip - Erichsen cupping test Third Revision

	24. 
	IS 19024 : 2022
ISO 15363 : 2017
ISO 15363 : 2017
	Metallic materials Tube ring hydraulic pressure test

	25. 
	IS 17937 : 2022
ISO 13314 : 2011
ISO 13314 : 2011
	Mechanical testing of metals Ductility testing Compression test for porous and cellular metals

	26. 
	IS 17915 : 2022
ISO 20032 : 2013
ISO 20032 : 2013
	Method for evaluation of tensile properties of metallic superplastic materials

	Subject Area: Hardness Testing

	1. 
	IS 7096 : 1981
	Method for scleroscope hardness testing of metallic materials first Revision

	2. 
	IS 7172 : 1984
	Method for verification of scleroscope hardness testing machines First Revision

	3. 
	IS 10166 : 1982
	Method for calibration of standardized test block for verification of scleroscope hardness testing equipments

	4. 
	IS 6885 (Part 1) : 2020
ISO 4545-1:2017
ISO 4545-1:2017
	Metallic Materials Knoop Hardness Test Part 1 Test Method Second Revision

	5. 
	IS 6885 (Part 2) : 2020
ISO 4545-2:2017
ISO 4545-2:2017
	Metallic Materials Knoop Hardness Test Part 2 Verification and Calibration of Testing Machines Second Revision

	6. 
	IS 6885 (Part 3) : 2020
ISO 4545-3:2017
ISO 4545-3:2017
	Metallic Materials Knoop Hardness Test Part 3 Calibration of Reference Blocks Second Revision

	7. 
	IS 6885 (Part 4) : 2020
ISO 4545-4:2017
ISO 4545-4:2017
	Metallic Materials Knoop Hardness Test Part 4 Tables of Hardness Values Second Revision

	8. 
	IS 1500 (Part 1) : 2019
ISO 6506-1 : 2014
ISO 6506-1 : 2014
	Metallic materials - Brinell hardness test Part 1 test method Fifth Revision

	9. 
	IS 1500 (Part 2) : 2021
ISO 6506-2 : 2017
ISO 6506-2 : 2017
	Metallic materials -- Brinell hardness test -- Part 2 Verification and calibration of testing machines

	10. 
	IS 1500 (Part 3) : 2019
ISO 6506-3 : 2014
ISO 6506-3 : 2014
	Metallic materials - Brinell hardness test Part 3 calibration of reference blocks Fifth Revision

	11. 
	IS 1500 (Part 4) : 2019
ISO 6506-4 : 2014
ISO 6506-4 : 2014
	Metallic materials - Brinell hardness test Part 4 table of hardness values Fifth Revision

	12. 
	IS 1501 (Part 1) : 2020
ISO 6507-1:2018
ISO 6507-1:2018
	Metallic Materials Vickers Hardness Test Part 1 Test Method Fifth Revision

	13. 
	IS 1501 (Part 2) : 2020
ISO 6507-2 : 2018
ISO 6507-2 : 2018
	Metallic Materials Vickers Hardness Test Part 2 Verification and Calibration of Testing Machines Fifth Revision

	14. 
	IS 1501 (Part 3) : 2020
ISO 6507-3 : 2018
ISO 6507-3 : 2018
	Metallic Materials Vickers Hardness Test Part 3 Calibration of Reference Blocks Fifth Revision

	15. 
	IS 1501 (Part 4) : 2020
ISO 6507-4 : 2018
ISO 6507-4 : 2018
	Metallic Materials Vickers Hardness Test Part 4 Tables of Hardness Values Fifth Revision

	16. 
	IS 1586 (Part 1) : 2018
ISO 6508-1 : 2016
ISO 6508-1 : 2016
	Metallic materials - Rockwell hardness test Part 1 test method Fifth Revision

	17. 
	IS 1586 (Part 2) : 2018
ISO 6508-2:2015
ISO 6508-2:2015
	Metallic materials - Rockwell hardness test Part 2 verification and calibration of testing machines and indenters Fifth Revision

	18. 
	IS 1586 (Part 3/Sub-Sec 2012) : 2018
ISO 6508-3:2015
ISO 6508-3:2015
	Metallic Materials - Rockwell Hardness Test Part 3 Calibration of Reference Blocks

	19. 
	IS 17144 (Part 1) : 2019
ISO 14577-1 : 2015
ISO 14577-1 : 2015
	Metallic materials - Instrumented indentation test for hardness and materials parameters Part 1 test method

	20. 
	IS 17144 (Part 2) : 2019
ISO 14577-2 : 2015
ISO 14577-2 : 2015
	Metallic materials - Instrumented indentation test for hardness and materials parameters Part 2 verification and calibration of testing machines

	21. 
	IS 17144 (Part 3) : 2019
ISO 14577-3 : 2015
ISO 14577-3 : 2015
	Metallic materials - Instrumented indentation test for hardness and materials parameters Part 3 calibration of reference blocks

	22. 
	IS 17144 (Part 4) : 2019
ISO 14577-4 : 2016
ISO 14577-4 : 2016
	Metallic materials - Instrumented indentation test for hardness and materials parameters Part 4 test method for metallic and Non - Metallic coatings

	23. 
	IS 17149 (Part 1) : 2019
ISO 16859-1 : 2015
ISO 16859-1 : 2015
	Metallic materials - Leeb hardness test Part 1 test method

	24. 
	IS 17149 (Part 2) : 2019
ISO 16859-2 : 2015
ISO 16859-2 : 2015
	Metallic materials - Leeb hardness test Part 2 verification and calibration of the testing devices

	25. 
	IS 17149 (Part 3) : 2019
ISO 16859-3 : 2015
ISO 16859-3 : 2015
	Metallic materials - Leeb hardness test Part 3 calibration of reference test blocks

	26. 
	IS 4258 : 2018
ISO 18265 : 2013
ISO 18265 : 2013
	Metallic materials - Conversion of hardness values Third Revision

	Subject Area: Fatigue and Fracture Testing

	1. 
	IS 6886 : 1973
	Method of dynamic force calibration of axial load fatigue testing machines by means of a strain gauge technique

	2. 
	IS 8632 : 2023
ISO 3785:2006
ISO 3785:2006
	Metallic materials Designation of test specimen axes in relation to product texture

	3. 
	IS 5075 : 2023
ISO 1143 : 2021
ISO 1143 : 2021
	Metallic Materials - Rotating Bar Bending Fatigue Testing

	4. 
	IS 17143 : 2023
ISO 1352 : 2021
ISO 1352 : 2021
	Metallic materials Torque-controlled fatigue testing

	5. 
	IS 17417 (Part 1) : 2020
ISO 4965-1:2012
ISO 4965-1:2012
	Metallic Materials - Dynamic Force Calibration for Uniaxial Fatigue Testing Part 1 Testing Systems

	6. 
	IS 17417 (Part 2) : 2020
ISO 4965-2:2012
ISO 4965-2:2012
	Metallic Materials - Dynamic Force Calibration for Uniaxial Fatigue Testing Part 2 Dynamic Calibration Device DCD Instrumentation

	7. 
	IS 17145 (Part 1) : 2019
ISO 12110-1 : 2013
ISO 12110-1 : 2013
	Metallic materials - Fatigue testing - Variable amplitude fatigue testing Part 1 general principles test method and reporting requirements

	8. 
	IS 17145 (Part 2) : 2019
ISO 12110-2 : 2013
ISO 12110-2 : 2013
	Metallic materials - Fatigue testing - Variable amplitude fatigue testing Part 2 cycle counting and related data reduction methods

	9. 
	IS 16842 : 2022
ISO 12108 : 2018
ISO 12108 : 2018
	Metallic materials - Fatigue testing - Fatigue crack growth method

	10. 
	IS 16843 : 2018
ISO 12111:2011
ISO 12111:2011
	Metallic materials - Fatigue testing - Strain - Controlled thermomechanical fatigue testing method

	11. 
	IS 5074 : 2023
ISO 1099 : 2017
ISO 1099 : 2017
	Metallic materials -- Fatigue testing -- Axial force-controlled method

	12. 
	IS 17147 : 2019
ISO 12107 : 2012
ISO 12107 : 2012
	Metallic materials - Fatigue testing - Statistical planning and analysis of data

	Subject Area : Toughness taesting

	1. 
	IS 1598 : 1977
	Method for izod impact test of metals First Revision

	2. 
	IS 5070 : 1985
	Method for beam unnotched impact test for grey cast iron First Revision

	3. 
	IS 10180 : 1982
	Method for plane strain fracture toughness testing of metals

	4. 
	IS 11240 : 1985
	Method for falling weight test on metallic materials

	5. 
	IS 10623 : 2023
	Drop Weight Tear Test on Ferritic Steels and Line Pipe ― Method of Test

	6. 
	IS 15420 : 2003
	Metallic materials ― Charpy pendulum impact test - Preparation and characterization of charpy V reference test pieces for verification of test machines

	7. 
	IS 1757 (Part 1) : 2020
ISO 148-1:2016
ISO 148-1:2016
	Metallic Materials Charpy Pendulum Impact Test Part 1 Test Method Fourth Revision

	8. 
	IS 1757 (Part 2) : 2020
ISO 148-2 : 2016
ISO 148-2 : 2016
	Metallic Materials - Charpy Pendulum Impact Test Part 2 Verification of Testing Machines Fourth Revision

	9. 
	IS 1757 (Part 3) : 2020
ISO 148-3:2016
ISO 148-3:2016
	Metallic Materials - Charpy Pendulum Impact Test Part 3 Preparation and Characterization of Charpy V-notch Test Pieces for Indirect Verification of Pendulum Impact Machines Fourth Revision

	10. 
	IS 17416 : 2020
ISO 14556 : 2015
ISO 14556 : 2015
	Metallic Materials - Charpy V-notch Pendulum Impact Test - Instrumented Test Method

	11. 
	IS 17151 : 2023
ISO 12135 : 2021
ISO 12135 : 2021
	Metallic materials Unified method of test for the determination of quasistatic fracture toughness

	12. 
	IS 17679 : 2021
ISO 15653:2018
ISO 15653:2018
	Metallic materials - Method of test for the determination of quasistatic fracture toughness of welds

	Subject Area : General 

	1. 
	IS 2855 : 1991
	Thermostat metals - Determinantion of flexivity First Revision

	2. 
	IS 3394 : 1985
	Method for accelerated life test of electrical resistance alloys for heating elements First Revision

	3. 
	IS 6243 : 1985
	Method of hydrogen embrittlement test for copper First Revision

	4. 
	IS 10181 : 1982
	Method for determination of magnetic permeability of iron and steel

	5. 
	IS 3803 (Part 1) : 2023
ISO 2566-1 : 2021
ISO 2566-1 : 2021
	Steel - Conversion of elongation values Part 1 carbon and low alloy steels

	6. 
	IS 3803 (Part 2) : 2022
ISO 2566-2:2021
ISO 2566-2:2021
	Steel Conversion of elongation values Part 2 Austenitic steels

	7. 
	IS 5069 : 2018
ISO 23718
ISO 23718
	Metallic Materials - Mechanical Testing - Vocabulary Second Revision

	8. 
	IS 3711 : 2020
ISO 377:2017
ISO 377:2017
	Steel and Steel Products Location and Preparation of Samples and Test Pieces for Mechanical Testing (Third Revision)

	Subject Area : Abrasive and wear properties

	1. 
	IS 10636 (Part 1) : 1983
	Methods for measurement of abrasive wear properties of metallic material Part 1 test method for gouging abrasion resistance Jaw Crusher Test

	2. 
	IS 10636 (Part 2) : 1983
	Method for measurement of abrasive wear properties of metallic material Part 2 test method for high stress abrasion

	3. 
	IS 10636 (Part 3) : 1983
	Methods for measurement of abrasive wear properties of metallic material Part 3 test methods for low stress abrasion

	4. 
	IS 11083 : 1984
	Method for evaluation of friction and wear properties of materials against steel surface
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ANNEXURE-3
LIST OF ISO STANDARDS UNDER DIFFERENT COMMITTEES
 (Clause 9.1.3)
	[bookmark: bookmark=kix.9c9l5dsiuqw7]Sl. NO.
	ISO Number
	Title
	Remarks 

	ISO/TC/164  MECHANICAL TESTING

	1. 
	ISO 23718:2007
(Under development)
ISO/WD TS 23718
	Metallic materials — Mechanical testing — Vocabulary
	Adopted as IS 5069 : 2018
ISO 23718 : 2007

	ISO/TC/164/SC1-Uniaxial testing

	2. 
	ISO/TTA 5:2007
	Code of practice for creep/fatigue testing of cracked components
	

	3. 
	ISO 204:2023

	Metallic materials — Uniaxial creep testing in tension — Method of test
	Under process of adoption of modified ISO 204 : 2023

	4. 
	ISO 376:2011
	Metallic materials — Calibration of force-proving instruments used for the verification of uniaxial testing machines
	Adopted as IS 4169 : 2014
ISO 376 : 2011

	5. 
	ISO 6892-1:2019
	Metallic materials — Tensile testing — Part 1: Method of test at room temperature
	Adopted as IS 1608 (Part 1) :2022
ISO 6892-1 : 2019

	6. 
	ISO 6892-2:2018
(Under development)
ISO/CD 6892-2
	Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature
	Adopted as IS 1608 (Part 2) :2020
ISO 6892-2:2018

	7. 
	ISO 6892-3:2015
	Metallic materials — Tensile testing — Part 3: Method of test at low temperature
	Adopted as IS 1608 (Part 3) :2018
6892-3:2015

	8. 
	ISO 6892-4:2015
	Metallic materials — Tensile testing — Part 4: Method of test in liquid helium
	

	9. 
	ISO 7500-1:2018
	Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1: Tension/compression testing machines — Calibration and verification of the force-measuring system
	Adopted as IS 1828 (Part 1) : 2022
ISO 7500-1 : 2018

	10. 
	ISO 7500-2:2006
	Metallic materials — Verification of static uniaxial testing machines — Part 2: Tension creep testing machines — Verification of the applied force
	Adopted as IS 1828 (Part 2) :2015
ISO 7500-2:2006

	11. 
	ISO 9513:2012
	Metallic materials — Calibration of extensometer systems used in uniaxial testing
	Adopted as 12872 : 2021
ISO 9513 : 2012

	12. 
	ISO 9513:2012/COR 1:2013
	Metallic materials — Calibration of extensometer systems used in uniaxial testing — Technical Corrigendum 1
	Adopted as 12872 : 2021

	13. 
	ISO 26203-1:2018
(Under Development)
ISO/CD 26203-1
	Metallic materials — Tensile testing at high strain rates — Part 1: Elastic-bar-type systems
	Adopted as IS 17413 (Part 1) :2020
ISO 26203-1:2018

	14. 
	ISO 26203-2:2011
	Metallic materials — Tensile testing at high strain rates — Part 2: Servo-hydraulic and other test systems
	Adopted as IS 17413 (Part 2) :2020/ ISO
26203-2:2011

	ISO/TC/164/SC2-Ductility testing

	15. 
	ISO 7438:2020
	Metallic materials — Bend test   
	Adopted as IS 1599 : 2023
ISO 7438 : 2020

	16. 
	ISO 7799:1985
	Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test
	Adopted as IS 1403 (Part 1) :1993
ISO 7799:1985

	17. 
	ISO 7800:2012
	Metallic materials — Wire — Simple torsion test
	Adopted as IS 1717 : 2018
ISO 7800 : 2012

	
	ISO 7801:1984
(Under Development)
ISO/DIS 7801
	Metallic materials — Wire — Reverse bend test
	Adopted as IS 1716 : 2023 /
ISO 7801 : 1984 

	18. 
	ISO 7802:2013
	Metallic materials — Wire — Wrapping test
	Adopted as IS 1755 : 2018 /
ISO 7802:2013

	19. 
	ISO 8491:1998
	Metallic materials — Tube (in full section) — Bend test
	Adopted as IS 2329 : 2005
ISO 8491:1998

	20. 
	ISO 8492:2013
	Metallic materials — Tube — Flattening test
	Adopted as IS 2328 : 2018
ISO 8492:2013

	21. 
	ISO 8493:1998
	Metallic materials — Tube — Drift-expanding test
	Adopted as IS 2335 : 2005
ISO 8493:1998

	22. 
	ISO 8494:2013
	Metallic materials — Tube — Flanging test
	Adopted as IS 2330 : 2018
ISO 8494 : 2013

	23. 
	ISO 8495:2013
	Metallic materials — Tube — Ring-expanding test
	Adopted as IS 12260 : 2018
ISO 8495 : 2013

	24. 
	ISO 8496:2013
	Metallic materials — Tube — Ring tensile test
	Adopted as IS 12278 : 2018
ISO 8496 : 2013

	25. 
	ISO 9649:2023

	Metallic materials — Wire — Reverse torsion test
	Not Equivalent IS 12261 : 1987
ISO 9649

	26. 
	ISO 10113:2020
	Metallic materials — Sheet and strip — Determination of plastic strain ratio
	Adopted as IS 11999 : 2022
ISO 10113:2020

	27. 
	ISO 10275:2020
	Metallic materials — Sheet and strip — Determination of tensile strain hardening exponent
	Adopted as IS 15756 : 2022
ISO 10275:2020

	28. 
	ISO 11531:2022
	Metallic materials — Sheet and strip — Earing test
	Adopted as IS 18733 : 2024
ISO 11531 : 2022

	29. 
	ISO 12004-1:2020
	Metallic materials — Determination of forming-limit curves for sheet and strip — Part 1: Measurement and application of forming-limit diagrams in the press shop
	Adopted as IS 17146 (Part 1) : 2023
ISO 12004-1 : 2020

	30. 
	ISO 12004-2:2021
	Metallic materials — Determination of forming-limit curves for sheet and strip — Part 2: Determination of forming-limit curves in the laboratory
	Adopted as IS 17146 (Part 2) : 2023
ISO 12004-2 : 2021

	31. 
	ISO 13314:2011
	Mechanical testing of metals — Ductility testing — Compression test for porous and cellular metals
	Adopted as IS 17937 : 2022
ISO 13314 : 2011


	32. 
	ISO 15363:2017
	Metallic materials — Tube ring hydraulic pressure test
	Adopted as IS 19024 : 2022
ISO 15363 : 2017

	33. 
	ISO 16630:2017
(Under development)
ISO/CD 16630
	Metallic materials — Sheet and strip — Hole expanding test
	Adopted as IS 17414 : 2020
ISO 16630:2017

	34. 
	ISO 16808:2022
	Metallic materials — Sheet and strip — Determination of biaxial stress-strain curve by means of bulge test with optical measuring systems
	

	35. 
	ISO 16842:2021
	Metallic materials — Sheet and strip — Biaxial tensile testing method using a cruciform test piece
	Adopted as IS 17418 : 2020
ISO 16842 : 2014

	36. 
	ISO 17340:2020
	Metallic materials — Ductility testing — High speed compression test for porous and cellular metals
	Under process of adoption of modified ISO 17340 : 2020

	37. 
	ISO 18338:2021
	Metallic materials — Torsion test at room temperature
	Adopted as IS 17415 : 2023
ISO 18338:2021

	38. 
	ISO 20032:2013
	Method for evaluation of tensile properties of metallic superplastic materials
	

	39. 
	ISO 20482:2013
	Metallic materials — Sheet and strip — Erichsen cupping test
	Adopted as IS 10175 : 2018
ISO 20482 : 2013

	40. 
	ISO 23838:2022
	Metallic Materials — High Strain Rate Torsion Test at Room Temperature
	

	41. 
	ISO 24213:2017
	Metallic materials — Sheet and strip — Method for springback evaluation in stretch bending
	

	ISO/TC 164/SC 3-Hardness testing

	42. 
	ISO 4516:2002
Replaced by
ISO 4545-1 : 2023
ISO 6507-1 :2023
	Metallic and other inorganic coatings — Vickers and Knoop microhardness tests 
	The standard is under consideration of MTD 24 corresion protection and finishes sectional committee 

	43. 
	ISO 4545-1:2023

	Metallic materials — Knoop hardness test — Part 1: Test method
	Under process of adoption of ISO 4545-1 : 2023

	44. 
	ISO 4545-2:2017
	Metallic materials — Knoop hardness test — Part 2: Verification and calibration of testing machines
	Adopted as IS 6885 (Part 2) : 2020
ISO 4545-2:2017

	45. 
	ISO 4545-3:2017
	Metallic materials — Knoop hardness test — Part 3: Calibration of reference blocks
	Adopted as IS 6885 (Part 3) : 2020
ISO 4545-3:2017

	46. 
	ISO 4545-4:2017
	Metallic materials — Knoop hardness test — Part 4: Table of hardness values
	Adopted as S 6885 (Part 4) :2020
ISO 4545-4:2017

	47. 
	ISO 6506-1:2014
Under development
ISO/DIS 6506-1
	Metallic materials — Brinell hardness test — Part 1: Test method
	Adopted as IS 1500 (Part 1) : 2019
ISO 6506-1 : 2014

	48. 
	ISO 6506-2:2017
Under development
ISO/DIS 6506-2
	Metallic materials — Brinell hardness test — Part 2: Verification and calibration of testing machines
	Adopted as IS 1500 (Part 2) : 2021
ISO 6506-2 : 2017

	49. 
	ISO 6506-3:2014
Under development
ISO/DIS 6506-3
	Metallic materials — Brinell hardness test — Part 3: Calibration of reference blocks
	Adopted as IS 1500 (Part 3) : 2019
ISO 6506-3 : 2014

	50. 
	ISO 6506-4:2014
	Metallic materials — Brinell hardness test — Part 4: Table of hardness values
	Adopted as IS 1500 (Part 4) : 2019
ISO 6506-4 : 2014

	51. 
	ISO 6507-1:2023
	Metallic materials — Vickers hardness test — Part 1: Test method
	Under process of adoption of  ISO 6507-1 : 2023 

	52. 
	ISO 6507-2:2018
	Metallic materials — Vickers hardness test — Part 2: Verification and calibration of testing machines
	Adopted as IS 1501 (Part 2) : 2020
ISO 6507-2 : 2018

	53. 
	ISO 6507-3:2018
	Metallic materials — Vickers hardness test — Part 3: Calibration of reference blocks
	Adopted as IS 1501 (Part 3) : 2020
ISO 6507-3 : 2018

	54. 
	ISO 6507-4:2018
	Metallic materials — Vickers hardness test — Part 4: Tables of hardness values
	Adopted as IS 1501 (Part 4) : 2020
ISO 6507-4 : 2018

	55. 
	ISO 6508-1:2023
	Metallic materials — Rockwell hardness test — Part 1: Test method
	Under process of adoption of  ISO 6508-1 : 2023

	56. 
	ISO 6508-2:2023
	Metallic materials — Rockwell hardness test — Part 2: Verification and calibration of testing machines and indenters
	Under process of adoption of  ISO 6508-2 : 2023

	57. 
	ISO 6508-3:2023
	Metallic materials — Rockwell hardness test — Part 3: Calibration of reference blocks
	Under process of adoption of  ISO 6508-3 : 2023

	58. 
	ISO 14577-1:2015
Under development
ISO/CD 14577-1
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 1: Test method
	Adopted as  IS 17144 (Part 1) : 2019
ISO 14577-1 : 2015

	59. 
	ISO 14577-2:2015
Under development
ISO/CD 14577-2
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 2: Verification and calibration of testing machines
	Adopted as IS 17144 (Part 2) : 2019
ISO 14577-2 : 2015

	60. 
	ISO 14577-3:2015
Under development
ISO/CD 14577-3
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 3: Calibration of reference blocks
	Adopted as IS 17144 (Part 3) : 2019
ISO 14577-3 : 2015

	61. 
	ISO 14577-4:2016
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 4: Test method for metallic and non-metallic coatings
	Adopted as IS 17144 (Part 4) : 2019
ISO 14577-4 : 2016

	62. 
	ISO 16859-1:2015
	Metallic materials — Leeb hardness test — Part 1: Test method
	Adopted as IS 17149 (Part 1) : 2019
ISO 16859-1 : 2015

	63. 
	ISO 16859-2:2015
	Metallic materials — Leeb hardness test — Part 2: Verification and calibration of the testing devices
	Adopted as IS 17149 (Part 2) : 2019
ISO 16859-2 : 2015

	64. 
	ISO 16859-3:2015
	Metallic materials — Leeb hardness test — Part 3: Calibration of reference test blocks
	Adopted as IS 17149 (Part 3) : 2019
ISO 16859-3 : 2015

	65. 
	ISO 18265:2013
	Metallic materials — Conversion of hardness values
	Adopted as IS 4258 : 2018
ISO 18265 : 2013

	66. 
	ISO/TR 29381:2008
	Metallic materials — Measurement of mechanical properties by an instrumented indentation test — Indentation tensile properties
	

	ISO/TC 164/SC 4 -Fatigue, fracture and toughness testing

	67. 
	ISO/148-1:2016
Under development
ISO/CD 148-1
	Metallic materials — Charpy pendulum impact test — Part 1: Test method     
	Adopted as IS 1757 (Part 1) : 2020
ISO 148-1:2016

	68. 
	ISO 148-2:2016
Under development
ISO/CD 148-2
	Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines
	Adopted as IS 1757 (Part 2) : 2020
ISO 148-2 : 2016

	69. 
	ISO 148-3:2016
Under development
ISO/CD 148-3
	Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization of Charpy V-notch test pieces for indirect verification of pendulum impact machines
	Adopted as IS 1757 (Part 3) :2020
ISO 148-3:2016

	70. 
	ISO 1099:2017
Under development
ISO/CD 1099
	Metallic materials — Fatigue testing — Axial force-controlled method
	Adopted as IS 5074 : 2023
ISO 1099 : 2017

	71. 
	ISO 1143:2021
	Metallic materials — Rotating bar bending fatigue testing
	Adopted as IS 5075 : 2023
ISO 1143 : 2021

	72. 
	ISO 1352:2021
	Metallic materials — Torque-controlled fatigue testing
	Adopted as IS 17143 : 2023
ISO 1352 : 2021

	73. 
	ISO 3785:2023

	Metallic materials — Designation of test specimen axes in relation to product texture
	Adopted as IS 8632:2023
ISO 3785 : 2006

	74. 
	ISO 4965-1:2012
	Metallic materials — Dynamic force calibration for uniaxial fatigue testing — Part 1: Testing systems
	Adopted as IS 17417 (Part 1) :2020
ISO 4965-1:2012

	75. 
	ISO 4965-2:2012
	Metallic materials — Dynamic force calibration for uniaxial fatigue testing — Part 2: Dynamic calibration device (DCD) instrumentation
	Adopted as IS 17417 (Part 2) :2020
ISO 4965-2:2012

	76. 
	ISO 12106:2017
Under development
ISO/CD 12106
	Metallic materials — Fatigue testing — Axial-strain-controlled method
	Under process of adoption of ISO 12106 : 2017

	77. 
	ISO 12107:2012
Under development
ISO/AWI 12107
	Metallic materials — Fatigue testing — Statistical planning and analysis of data
	Adopted as IS 17147 : 2019
ISO 12107 : 2012

	78. 
	ISO 12108:2018
	Metallic materials — Fatigue testing — Fatigue crack growth method
	Adopted as IS 16842 : 2022
ISO 12108 : 2018 

	79. 
	ISO 12110-1:2013
	Metallic materials — Fatigue testing — Variable amplitude fatigue testing — Part 1: General principles, test method and reporting requirements
	Adopted as IS 17145 (Part 1) : 2019
ISO 12110-1 : 2013

	80. 
	ISO 12110-2:2013
	Metallic materials — Fatigue testing — Variable amplitude fatigue testing — Part 2: Cycle counting and related data reduction methods
	Adopted as IS 17145 (Part 2) : 2019
ISO 12110-2 : 2013

	81. 
	ISO 12111:2011
	Metallic materials — Fatigue testing — Strain-controlled thermomechanical fatigue testing method
	Adopted as IS 16843 : 2018 
ISO 12111:2011

	82. 
	ISO/TR 12112:2018
	Metallic materials — Principles and designs for multiaxial fatigue testing
	

	83. 
	ISO 12135:2021
	Metallic materials — Unified method of test for the determination of quasistatic fracture toughness
	Adopted as IS 17151 : 2023
ISO 12135:2021

	84. 
	ISO 14556:2023

	Metallic materials — Charpy V-notch pendulum impact test — Instrumented test method
	Adopted as IS 17416 : 2024
ISO 14556 : 2023

	85. 
	ISO 15653:2018
Under development
ISO/CD 15653
	Metallic materials — Method of test for the determination of quasistatic fracture toughness of welds
	Adopted as IS 17679 : 2021
ISO 15653 : 2018

	86. 
	ISO 20064:2019
	Metallic materials — Steel — Method of test for the determination of brittle crack arrest toughness, Kca
	

	87. 
	ISO/TS 21913:2022
	Temperature verification method applied to dynamic fatigue testing
	

	88. 
	ISO 22407:2021
	Metallic materials — Fatigue testing — Axial plane bending method
	

	
	ISO 22889:2013
	Metallic materials — Method of test for the determination of resistance to stable crack extension using specimens of low constraint
	

	89. 
	ISO 23296:2022
Under development
ISO/CD 23296
	Metallic materials – Fatigue testing – Force controlled thermo-mechanical fatigue testing method
	

	90. 
	ISO 23788:2012
	Metallic materials — Verification of the alignment of fatigue testing machines
	

	91. 
	ISO 26843:2015
Under development
ISO/AWI 26843
	Metallic materials — Measurement of fracture toughness at impact loading rates using precracked Charpy-type test pieces
	

	92. 
	ISO 27306:2016
	Metallic materials — Method of constraint loss correction of CTOD fracture toughness for fracture assessment of steel components
	



	
ISO/TC 17/SC 20
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	ISO Number
	Title
	Remarks 

	1
	ISO 2566-1:2021
	Steel - Conversion of elongation values: Part 1 carbon and low alloy steels (Second Revision)                                          
	Adopted as IS 3803 (Part 1) : 2023
ISO 2566-1 : 2021

	2
	ISO 2566-2:2021
	Steel - Conversion of elongation values: Part 2 austenitic steels (Second Revision)                                          
	Adopted as IS 3803 (Part 2) : 2022
ISO 2566-2 : 2021



LIST OF ISO STANDARDS UNDER DEVELOPMENT AT ISO SECRETARIAT
	ISO/TC/164/SC 1-Uniaxial testing

	3. 
	ISO/WD TS 4596

	Metallic materials — High temperature creep/fatigue crack growth testing method

	4. 
	ISO/CD 6892-2

	Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature

	5. 
	ISO/DTS 6892-5

	Metallic materials — Tensile testing — Part 5: Specification for testing miniaturised test pieces

	6. 
	ISO/AWI 6892-6

	Metallic materials — Tensile testing — Part 6: Tensile test on foils and strips of metals with a nominal thickness less than 0,200 mm by using computer-controlled testing machines

	7. 
	ISO/FDIS 7039

	Metallic materials — Tensile testing — Method for evaluating the susceptibility of materials to the effects of high-pressure gas within hollow test pieces

	8. 
	ISO/AWI TR 15264

	Mechanical tests on metallic materials - Evaluation of uncertainties in creep testing

	9. 
	ISO/CD 26203-1

	Metallic materials — Tensile testing at high strain rates — Part 1: Elastic-bar-type systems

	ISO/TC/164/SC 2-Ductility testing

	10. 
	ISO/DIS 7801
	Metallic materials — Wire — Reverse bend test

	11. 
	ISO/CD 16630

	Metallic materials — Sheet and strip — Hole expanding test

	ISO/TC 164/SC 3  Hardness testing

	12. 
	ISO/DIS 6506-1

	Metallic materials — Brinell hardness test — Part 1: Test method

	13. 
	ISO/DIS 6506-2

	Metallic materials — Brinell hardness test — Part 2: Verification and calibration of testing machines

	14. 
	ISO/DIS 6506-3

	Metallic materials — Brinell hardness test — Part 3: Calibration of reference blocks

	15. 
	ISO/CD 14577-1

	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 1: Test method

	16. 
	ISO/CD 14577-2

	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 2: Verification and calibration of testing machines

	17. 
	ISO/CD 14577-3

	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 3: Calibration of reference blocks

	18. 
	ISO/AWI 14577-6

	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 6: Instrumented indentation test at elevated temperature

	ISO/TC 164/SC 4 Fatigue, fracture and toughness testing

	19. 
	ISO/CD 148-1

	Metallic materials — Charpy pendulum impact test — Part 1: Test method

	20. 
	ISO/CD 148-2

	Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines

	21. 
	ISO/CD 148-3

	Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization of Charpy V-notch test pieces for indirect verification of pendulum impact machines

	22. 
	ISO/CD 148-4

	Metallic materials — Charpy pendulum impact test — Part 4: Part 4: Testing of miniature Charpy V-notch test pieces

	23. 
	ISO/CD 1099

	Metallic materials — Fatigue testing — Axial force-controlled method

	24. 
	ISO/CD TR 12105

	Metallic materials — Fatigue testing — General principles

	25. 
	ISO/CD 12106

	Metallic materials — Fatigue testing — Axial-strain-controlled method

	26. 
	ISO/AWI 12107

	Metallic materials — Fatigue testing — Statistical planning and analysis of data

	27. 
	ISO/CD TR 15262

	Mechanical tests on metallic materials — Uncertainty in low-cycle fatigue

	28. 
	ISO/CD 15653

	Metallic materials — Method of test for the determination of quasistatic fracture toughness of welds

	29. 
	ISO/CD 20198

	Metallic materials — Steel — Method of test for the determination of brittle crack arrest temperature (CAT)

	30. 
	ISO/CD 23296

	Metallic materials – Fatigue testing – Force controlled thermo-mechanical fatigue testing method

	31. 
	ISO/AWI 26843

	Metallic materials — Measurement of fracture toughness at impact loading rates using precracked Charpy-type test pieces
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ANNEXURE 4
(Clause 10.3.4)
	Type
	ISO committee
	ISO Ballot reference
	Title
	Last date of comments
	Closing date
	Voted
	Suggested by

	CD
	ISO/TC 164/SC 3
	ISO/CD 14577-6
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 6: Instrumented indentation test at elevated temperature
	03rd June 2024
	22nd June 2024
	Approve with comment
	Dr SK Jain Comment & Abhishek tiwari - IIT Ropar

	FDIS
	ISO/TC 164/SC 1
	ISO/FDIS 7039
	Metallic materials — Tensile testing — Method for evaluating the susceptibility of materials to the effects of high-pressure gas within hollow test pieces
	20th June 2024
	03rd July 2024
	Abstain
	

	CIB
	ISO/TC 164
	Call for the Secretariat of ISO/TC 164/SC 3
	Call for the Secretariat of ISO/TC 164/SC 3 “Hardness testing”
	03rd July 2024
	19th July 2024
	Yes
	

	DTS
	ISO/TC 164/SC 1
	ISO/DTS 6892-5
	Metallic materials — Tensile testing — Part 5: Specification for testing miniaturised test pieces
	15th July 2024
	31st July 2024
	Approve with comment
	Dr Karthik comment

	CD
	ISO/TC 164/SC 4
	ISO/CD 148-1
	Metallic materials — Charpy pendulum impact test — Part 1: Test method
	10th August 2024
	25th August 2024
	Yes
	Dr S K Jain & Dr Niranjani - DMRL Comment

	CD
	ISO/TC 164/SC 4
	ISO/CD 148-2
	Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines
	10th August 2024
	25th August 2024
	Yes
	Dr S K Jain Comment

	CD
	ISO/TC 164/SC 4
	ISO/CD 148-3
	Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization of Charpy V-notch test pieces for indirect verification of pendulum impact machines
	10th August 2024
	25th August 2024
	Yes
	Dr S K Jain Comment

	CD
	ISO/TC 164/SC 4
	ISO/CD 148-4
	Metallic materials — Charpy pendulum impact test — Part 4: Part 4: Testing of miniature Charpy V-notch test pieces
	10th August 2024
	25th August 2024
	No
	Dr S K Jain Comment

	SR
	ISO/TC 164/SC 3
	ISO 6506-4:2014 (Ed 2, vers 2)
	Metallic materials — Brinell hardness test — Part 4: Table of hardness values
	20th August 2024
	2nd September 2024
	Abstain
	

	SR
	ISO/TC 164/SC 3
	ISO 18265:2013 (Ed 2, vers 2)
	Metallic materials — Conversion of hardness values
	20th August 2024
	2nd September 2024
	Approve with comment
	Dr S K Jain Comment

	CIB
	ISO/TC 164
	Call for comments “ISO/WD TR 8463
	Call for comments “ISO/WD TR 8463"
	8th September 2024
	12th September 2024
	Abstain
	

	FDIS
	ISO/TC 164/SC 2
	ISO/FDIS 7801 (Ed 2)
	Metallic materials — Wire — Reverse bend test
	5th October 2024
	15th October 2024
	Approve 
	Dr PP Sarakar and Dr K Nageshrwaran

	DIS
	ISO/TC 164/SC 3
	ISO/DIS 14577-3 (Ed 3)
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 3: Calibration of reference blocks
	15th October 2024
	23rd October 2024
	Approve with comment
	Dr S K Jain Comment

	DIS
	ISO/TC 164/SC 3
	ISO/DIS 14577-1 (Ed 3)
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 1: Test method
	15th October 2024
	24th October 2024
	Approve with comment
	Dr S K Jain Comment

	DIS
	ISO/TC 164/SC 3
	ISO/DIS 14577-2 (Ed 3)
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 2: Verification and calibration of testing machines
	15th October 2024
	25th October 2024
	Approve with comment
	Dr S K Jain Comment

	DIS
	ISO/TC 164/SC 1
	ISO/DIS 26203-1 (Ed 3)
	Metallic materials — Tensile testing at high strain rates — Part 1: Elastic-bar-type systems
	30th October 2024
	12th November 2024
	Approve 
	Shri Alok

	SR
	ISO/TC 164/SC 4
	ISO 20064:2019
	Metallic materials — Steel — Method of test for the determination of brittle crack arrest toughness, Kca
	25th November 2024
	2nd December 2024
	Approve
	Dr S K Jain Comment





Annexure 5
(Clause 2.6)
Designated Experts
	Mechanical Testing of Metals Sectional Committee, MTD 3

	ISO/TC 164 "Mechanical Testing of Metals"

	Type
	Reference no.
	Topic
	Level of Interest 
	Expert Name

	WD
	ISO/WD TR 8463
	Strategy for a Common Frame Work to Determine Measurement Uncertainty in Mechanical Testing
	Medium (M)
	Dr S K Jain

	WD
	ISO/WD TS 23718
	Metallic materials — Mechanical testing — Vocabulary
	Medium (M)
	1) Dr S K Jain
2) N.Ramachandran

	
	
	
	
	

	ISO/TC 164/SC 1 "Uniaxial Testing"

	Type
	Reference no.
	Topic
	Level of Interest 
	Expert Name

	WD
	ISO/WD TS 4596
	Metallic materials — High temperature creep/fatigue crack growth testing method
	Medium (M)
	1) Dr Vijayanand, IGCAR
2) Dr Abhishek Tiwari, IIT Ropar
3) Dr. Naga Sruthi Neelam, NIT Raipur

	CD
	ISO/CD 6892-2
	Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature
	Low(L)
	1) Shri Shiva Kumar, Zwick Roell
2) Shri Ramakrishna Hebbar, ITW
3) Dr. Sudip K. Sinha, NIT Raipur

	
	ISO/TS 6892-5
	Metallic materials — Tensile testing — Part 5: Specification for testing miniaturised test pieces
	Medium (M)
	1) Dr Karthik , IGCAR
2) Dr Raghu Prakash
3) Dr Kundan Kumar
4) Dr S. Sivaprasad

	AWI
	ISO/AWI 6892-6
	Metallic materials — Tensile testing — Part 6: Tensile test on foils and strips of metals with a nominal thickness less than 0,200 mm by using computer-controlled testing machines
	Low(L)
	1) Shri Shiva Kumar, Zwick Roell
2) Shri Ramakrishna Hebbar, ITW

	AWI
	ISO/AWI TR 15264
	Mechanical tests on metallic materials - Evaluation of uncertainties in creep testing
	Low(L)
	1) Dr Vijayanand, IGCAR
2) Dr S K Jain
3) Dr. Naga Sruthi Neelam, NIT Raipur

	DIS
	ISO/DIS 26203-1
	Metallic materials — Tensile testing at high strain rates — Part 1: Elastic-bar-type systems
	Low(L)
	1) Shri Shiva Kumar, Zwick Roell
2) Shri Ramakrishna Hebbar, ITW

	ISO/TC 164/SC 2 "Ductility Testing"

	Type
	Reference no.
	Topic
	Level of Interest 
	Expert Name

	CD
	ISO/CD 7799
	Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test
	High (H)
	1) Dr D. Ravi Kumar, IIT Delhi
2) Dr Kaushik Badyopadhyay, IIT Bhilai

	FDIS
	ISO/FDIS 7801
	Metallic materials — Wire — Reverse bend test
	High (H)
	1) Dr D. Ravi Kumar, IIT Delhi

	CD
	ISO/CD 16630
	Metallic materials — Sheet and strip — Hole expanding test
	High (H)
	1) Shri Anand Sankar, ABS Instruments
2) Dr D. Ravi Kumar, IIT Delhi
3) Dr Kaushik Badyopadhyay, IIT Bhilai

	CD
	ISO/CD 20482
	Metallic materials — Sheet and strip — Erichsen cupping test
	High (H)
	1) Shri Anand Sankar, ABS Instruments
2) Dr D. Ravi Kumar, IIT Delhi
3) Dr Kaushik Badyopadhyay, IIT Bhilai

	ISO/TC 164/SC 3 "Hardness Testing"

	Type
	Reference no.
	Topic
	Level of Interest 
	Expert Name

	DIS
	ISO/DIS 6506-1
	Metallic materials — Brinell hardness test — Part 1: Test method
	High (H)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N.Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	DIS
	ISO/DIS 6506-2
	Metallic materials — Brinell hardness test — Part 2: Verification and calibration of testing machines
	Medium (M)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N.Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	DIS
	ISO/DIS 6506-3
	Metallic materials — Brinell hardness test — Part 3: Calibration of reference blocks
	Medium (M)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N.Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	DIS
	ISO/DIS 14577-1
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 1: Test method
	High (H)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N.Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	DIS
	ISO/DIS 14577-2
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 2: Verification and calibration of testing machines
	Medium (M)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N.Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	DIS
	ISO/DIS 14577-3
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 3: Calibration of reference blocks
	Medium (M)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N.Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	CD
	ISO/CD 14577-6
	Metallic materials — Instrumented indentation test for hardness and materials parameters — Part 6: Instrumented indentation test at elevated temperature
	Low(L)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N. Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	SR
	ISO 6506-4:2014 (Ed 2, vers 2)
	Metallic materials — Brinell hardness test — Part 4: Table of hardness values
	Medium (M)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N. Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	SR
	ISO 18265:2013 (Ed 2, vers 2)
	Metallic materials — Conversion of hardness values
	Medium (M)
	1) Dr S K Jain
2) Dr R V Tambad, FIE
3) N. Ramachandran
4) Prof. A. Basu, NIT Rourkela
5) Dr S S K Titus

	ISO/TC 164/SC 4 "Fatigue, Fracture and Toughness Testing"

	Type
	Reference no.
	Topic
	Level of Interest 
	Expert Name

	CD
	ISO/CD 148-1
	Metallic materials — Charpy pendulum impact test — Part 1: Test method
	High (H)
	1) Dr V L Niranjani, DMRL
2) Dr Sudip K. Sinha, NIT Raipur

	CD
	ISO/CD 148-2
	Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines
	Medium (M)
	1) Dr V L Niranjani, DMRL
2) N. Ramachandran

	CD
	ISO/CD 148-3
	Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization of Charpy V-notch test pieces for indirect verification of pendulum impact machines
	Medium (M)
	1) Dr V L Niranjani, DMRL
2) N. Ramachandran

	CD
	ISO/CD 148-4
	Metallic materials — Charpy pendulum impact test — Part 4: Part 4: Testing of miniature Charpy V-notch test pieces
	Low(L)
	1) Dr V Karthik, IGCAR
2) Dr V L Niranjani, DMRL

	CD
	ISO/CD 1099
	Metallic materials — Fatigue testing — Axial force-controlled method
	Medium (M)
	1) Dr Jagannathan, NAL 
2) Dr Jalaj Kumar, DMRL

	CD
	ISO/CD TR 12105
	Metallic materials — Fatigue testing — General principles
	Low(L)
	1) Dr Jagannathan, NAL 
2) Dr Jalaj Kumar, DMRL

	CD
	ISO/CD 12106
	Metallic materials — Fatigue testing — Axial-strain-controlled method
	Medium (M)
	1) Dr Jagannathan, NAL 
2) Dr Jalaj Kumar, DMRL

	CD
	ISO/CD TR 15262
	Mechanical tests on metallic materials — Uncertainty in low-cycle fatigue
	Low(L)
	1) Dr A Nagesha, IGCAR

	CD
	ISO/CD 15653
	Metallic materials — Method of test for the determination of quasistatic fracture toughness of welds
	Medium (M)
	1) Dr A Nagesha, IGCAR

	CD
	ISO/CD 20198
	Metallic materials — Steel — Method of test for the determination of brittle crack arrest temperature (CAT)
	Low(L)
	

	CD
	ISO/CD 23296
	Metallic materials – Fatigue testing – Force controlled thermo-mechanical fatigue testing method
	Medium (M)
	1) Dr Jagannathan, NAL 
2) Dr Jalaj Kumar, DMRL

	AWI
	ISO/AWI 26843
	Metallic materials — Measurement of fracture toughness at impact loading rates using precracked Charpy-type test pieces
	Low(L)
	1) Dr Jagannathan, NAL 
2) Dr Jalaj Kumar, DMRL
3) Dr V L Niranjani

	AWI
	ISO/AWI 12107
	Metallic materials — Fatigue testing — Statistical planning and analysis of data
	Low(L)
	1) Dr Jagannathan, NAL 
2) Dr Jalaj Kumar, DMRL
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Me <mtd3@bis.gov.in>
Wed, 11 Sep 2024 4:14:35 PM +0530 o

ME

To "vikasdmrl" <vikas.dmrl@gmail.com>, "anand" <anand@absinstruments.com>, "bhagirath" <bhagirath@absinstruments.com>, "ra
mesh" <ramesh@biss.in>, "vishwas" <vishwas@biss.in>, "vpanwar" <vpanwar@bhel.in>, "gopaliit" <gopaliit@bhel.in>, "skjainnpl"
<skjainnpl@yahoo.co.in>, "manjucm" <manjucm@nal.res.in>, "njagan" <njagan@nal.res.in>, "shiva" <shiva@nmlindia.org>, "murt
hyarc" <murthyarc@serc.res.in>, "svvardhan" <svvardhan@serc.res.in>, "jalajdmrl" <jalaj.dmrl@gov.in>, "niranjanidmrl" <niranjani
.dmrl@gov.in>, "cqametichapur-dgga" <cqametichapur-
dgga@nic.in>, "fieresearch" <fieresearch@gmail.com>, "rajnishkumar" <rajnish.kumar@adityabirla.com>, "amarghatak" <amar.gha
tak@adityabirla.com>, "Sumitgahlyan" <Sumit.gahlyan@adityabirla.com>, "nagesh" <nagesh@igcar.gov.in>, "karthik" <karthik@igc
ar.gov.in>, "Vdvijayanand" <Vdvijayanand@igcar.gov.in>, "Ramakrishna_Hebbar" <Ramakrishna_Hebbar@instron.com>, "Rohitdash
" <Rohitdash@instron.com>, "madhusudhanrgopalan" <madhusudhan.rgopalan@jsw.in>, "manjinisambandam" <manjini.sambanda
m@jsw.in>, "dravi" <dravi@mech.iitd.ac.in>, "sks" <sks@mech.iitd.ac.in>, "venkat" <venkat@nabl.qcin.org>, "naveen" <naveen@n
abl.qgcin.org>, "siribabu" <siribabu@nabl.qcin.org>, "nitingupta" <nitingupta@nabl.qcin.org>, "alok" <alok@shriraminstitute.org>, "
abhinvkumar94" <abhinvkumar94@gmail.com>, "anee_sharma" <anee_sharma@yahoo.co.in>, "ppsarkar" <ppsarkar@sail.in>, "nk
artik" <nkartik@sail.in>, "deepa" <deepa@sail.in>, "selwyn" <selwyn@sail.in>, "lokeshpaliwal" <lokesh.paliwal@tatamotors.com>, "
anooptoby" <anoop.toby@tatamotors.com>, "DHAKATE" <DHAKATE@NPLINDIA.ORG>, "saranm" <saranm@nplindia.org>, "Shivaku
marvenkatesh" <Shivakumar.venkatesh@zwickroell.com>, "enramachandran" <enramachandran@yahoo.com>, "abhishektiwari" <a
bhishek.tiwari@iitrpr.ac.in>, "hariprasadgopalan" <hariprasad.gopalan@iitrpr.ac.in>, "kvamd1960" <kvamd1960@gmail.com>

Dear Members,

It is noticed that use of ISO standards in the metal testing domain is substantial however participation in ISO standards formulation is not up to
the mark. Around 80% standards under Mechanical Testing of Metals Sectional Committee are adopted from ISO. As a responsibility of the
national committee and P member of the ISO committee we have to increase our participation in activities of ISO. We are proposing more focused
approach as being practiced by other national standard bodies. The plan of action is as follows :

Objective: Increase participation in standards formulation activities of ISO
Categorization:

To handle the large volume and avoid being overwhelmed by numerous standards, while also ensuring that important ones are not overlooked, we
need to categorize each ISO standard currently under development as per 'Level of Interest' as follows :

1. High(H) - Standards that are critical and frequently used across multiple projects or industries. These standards have a significant impact
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on safety, quality, and compliance. This will include standards largely used by Indian industry, referred in govt regulation and orders,
tenders, etc.

2. Medium(M) - Standards that are important but not as frequently used as high-usage standards. They are often specific to certain projects
or industries and have a moderate impact.

3. Low(L) - Standards that are rarely used or have a limited scope. These standards have minimal impact and are often specific to niche
applications.

BIS IR portal has provision to categorize the standards as mentioned above.

Mechanism :

Each categorized standard will be allotted to designated expert(s). These designated experts will be chosen from the committee/panels/
WGs. If adequate expertise is not available with the committee, a call for experts or expression of interest will be issued in public domain through
BIS website, MoU partner institutes, linkedin, whatsapp, newspaper ad, etc. Experts identified outside the committee will be accommodated in
the panels/WGs under the committee based on the expertise.

It is important that each standard in category H and M are allotted with designated expert. L category will allotted be as per the need and
interest.

The respective designated experts will then be preferred to be nominated to respective ISO working group/sub committee as per the
decision of the committee based on the contribution by the expert.

Responsibility of designated expert:

a. Suggest voting options for ISO ballot of respective standards along with comments if any. (ISO ballots are shared through BIS IR portal)
b. Attend the meeting organized by ISO (virtual/physical), subject to approval of committee and BIS.

c. Formulate the view point on the agenda item of ISO meeting.

d. Report the committee about the work.

Tools:

a. BIS IR portal (accessible to all BIS members) - Suggest voting options for ISO ballot of respective standards before due date along with
comments if any. Documents related to ballots will be accessible.

b. Email support from member secretary BIS - for any additional documents

c. Collaboration with experts through meetings- BIS can provide a platform and other necessary arrangements.

d. Books, journals and papers can be made available through BIS library.

c. BIS R&D provision - In case it is very important to conduct a study in regard to formulation of the standard, provision of R&D can also be
availed.

Work to be done:

Below google sheet includes all the ISO standards currently under development at different stages. Categorize all the standards as per your
conscience and suggest designated experts wherever possible. If you are proposing new expert, write his organization, mail and
mobile number. Do not override others' inputs, write in next column. You can mail us if you do not wish to disclose details in google sheet.
Google Link : https://docs.google.com/spreadsheets/d/1Qdh40to2nBsrK4xIJDYakBCTKPY661GIN3I0OPgL639bc/edit?usp=sharing

More focus can be given to ballot type NP(New Proposal), SR(Systematic Review), CD (Committee Draft), AWI (Approved Work Item) because
these are at initial level of formulation.
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Deadline: 14/09/2024

Regards,

Dushyant Hawelikar,

Member Secretary,

Mechanical Testing of Metals Sectional Committee(MTD3),
Bureau of Indian Standards,

New Delhi
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals,
Subcommittee SC 2, Ductility testing.

This second edition cancels and replaces the first edition (ISO 17340:2014), of which it constitutes a
minor revision. The changes compared to the previous edition are as follows:

— the title of ISO 7500-1 has been updated in Clause 2;

— alist of symbols and units has been added as Clause 4;

— information about the use of adhesives in 8.2 b) has been revised;

— minor editorial changes have been made to align with ISO/IEC Directives Part 2:2018.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Porous and cellular metals have attractive properties due to their unique cell morphology. When
they are used as impact energy absorbing components in automotive structures, knowledge of their
high-speed compressive properties is necessary for industrial design. The high-speed compressive
deformation behaviour of porous and cellular metals is quite different from their static compressive
properties. Testing methods for static compressive deformation are, therefore, insufficient for
characterization of high-speed compressive deformation. Standardization of a testing method for the
high-speed compressive behaviour of porous and cellular metals is required.
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Metallic materials — Ductility testing — High speed
compression test for porous and cellular metals

1 Scope

This document specifies methods for high speed compression testing, at room temperature, of porous
and cellular metals having a porosity of 50 % or more. The speed range applicable to this test method
is 0,1 m/s to 100 m/s (or 1 s~ to 103 s~1 in terms of the initial strain rate when the specimen height is
100 mm).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 376, Metallic materials — Calibration of force-proving instruments used for the verification of uniaxial
testing machines

ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Calibration and verification of the force-measuring system

ISO 13314, Mechanical testing of metals — Ductility testing — Compression test for porous and cellular metals

ISO 80000-1, Quantities and units — Part 1: General

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 13314 and the following apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

test speed

movement speed of the pressing jig, which applies the compressive force to the test piece, when the
pressing jig contacts the test piece

3.2
initial strain rate
value derived by dividing the test speed by the initial height of the test piece

3.3
sampling frequency
frequency used to sample the measurement data per unit time

34

drop height

initial distance between the pressure application plane of the pressing jig and the top surface of the test
piece in the drop weight impact testing machine

3.5

approach length

initial distance between the pressure application plane of the pressing jig and the top surface of the test
piece in the servo-type high-speed compression testing machine

© IS0 2020 - All rights reserved 1
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3.6
plateau stress

3.7

3.8

energy absorption

TR

area under the stress-strain curve up to 50 % strain or up to the plateau end strain, ege
NOTE_ The energy absorption up to other strain values can also be determined.
3.9

energy absorption efficiency

We

4 Symbols and units

Symbol Unit Designation
m kg mass of the weight
h m drop height
¥ m/s |testspeed

m/s2 |acceleration of gravity

a sl initial strain rate of the test piece
H, mm |initial height of the test piece
Hy mm  |test piece height at a time when the weight contacts the absorber
A mm?  |initial cross-sectional area of the test piece
AL mm |displacement of the pressing jig from the initial contact position with the test piece
e % compressive strain
F N compressive force
o N/mm? |compressive stress
oy N/mm? |plateau stress defined in ISO 13314
€ple % plateau end strain defined in ISO 13314
w MJ/m3 |energy absorption per unit volume
€nax % upper limit value of the compressive strain
Wiia MJ/m3 |energy absorption up to 50% of the compressive strain, as determined in 8.1 a)

2 © IS0 2020 - All rights reserved
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5 Principle

This test consists of applying an impact force at test speeds between 0,1 m/s and 100 m/s to porous
and cellular metals and measuring the compressive force and displacement for evaluation of their high-
speed compressive deformation characteristics, such as plateau stress and energy absorption. Test
methods that apply high-speed compressive forces to porous and cellular metals are the drop weight
impact test and the servo-type high-speed compression test.

The drop weight impact test applies the compressive force by dropping a weight from a specified height.
The test speed is controlled by the drop height. Due attention should be paid to the fact that the weight
will be decelerated during the period of compressive deformation. When the drop height necessary
to reach the specified test speed cannot be obtained, application of an initial velocity to the weight is
possible.

The servo-type high-speed compression test applies the compressive force using a hydraulic or electric
high-speed servo mechanism. The test speed is changed by the servo control. The drive unit shall be
capable of following the test speed.

6 Testing machine

6.1 Type of testing machine

The testing machines to be used for high-speed compression testing of porous and cellular metals are
the drop weight impact testing machine and the servo-type high speed compression testing machine.

6.2 Drop weight impact testing machine

6.2.1 General

An example of the basic composition of the drop weight impact testing machine is shown in Figure 1.

The drop weight impact testing machine consists of a weight, guide frame, pressing jig, load cell,
displacement sensor, and absorber, as described in 6.2.2 through 6.2.6.

6.2.2 Weight

The weight shall drop vertically along the guide frame and shall be capable of applying the compressive
force to the test piece.

The weight shall not be deformed by the impact when dropped and it should be possible to change the
mass freely.

6.2.3 Pressing jig

The pressing jigs are located above and below the test piece and are used to apply the compressive force to
the test piece. The pressing jig shall be of a construction such that it does not deform due to the compressive
force, allowing correct transmission of the compressive force in the axial direction and preventing the
action of forces, such as bending stress, etc., other than the compressive force on the test piece.

The area of the pressing surfaces shall be sufficiently large to ensure an even application of the
compressive force over the entire end surface of the test piece until compressive deformation is
complete.

The pressing surfaces shall be polished flat and installed in such a manner that the centre of the planes
is aligned with the centre line of the testing machine and the planes are parallel to each other.
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6.2.4 Load cell

The load cell shall be capable of measuring the compressive force acting on the test piece. For calibration
of the load cell, ISO 376 shall be taken into consideration.

The resonant frequency and stiffness of the load cell shall be sufficiently high and the compressive force
shall be measured to an accuracy of +1 %.

weight

pressing jig

drop height
displacement sensor

load cell

1

2

3

4

5 testpiece
6

7  absorber
8

guide frame
Figure 1 — Schematic of a drop weight impact testing machine
6.2.5 Displacement sensor

The displacement sensor shall be capable of measuring the travel of a drop weight during tests and
shall be of a non-contact type to avoid inertia effects.

The response speed of the displacement sensor shall be higher than the test speed. Measurement with
laser-type displacement sensors, optical displacement sensors, etc. with high accuracy is recommended.
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6.2.6 Absorber

The absorber shall be capable of stopping the weight and preventing it from damaging the load cell
after compressing the test piece to the specified height.

6.3 Servo-type high-speed compression testing machine

6.3.1 General

Among servo-type high-speed compression testing machines, the basic composition of the servo-
hydraulic-type high-speed compression testing machine is shown in Figure 2.

The servo-type high-speed compression testing machine consists of a pressing jig, load cell,
displacement sensor, rupture pin, and stopper, as described in 6.3.2 through 6.3.6.

6.3.2 Pressing jig

The pressing jig shall be the same as described in 6.2.3.

6.3.3 Load cell

The load cell shall be the same as described in 6.2.4.

6.3.4 Displacement sensor

The displacement sensor shall be the same as described in 6.2.5.

6.3.5 Rupture pin

The rupture pin is a test force transmission part provided to protect the load cell and the pressing jig
from damage resulting from excessively large compressive forces.

The material and the size of the rupture pin shall be capable of resisting the required test force
adequately and of breaking, without large plastic deformation, below the load capacity of the load cell
and the pressing jig.

6.3.6 Stopper
The stopper shall be provided between pressing jigs and shall be capable of stopping the movement of

the pressing jigs after having deformed the test piece to the specified height.

7 Test piece

7.1 Preparation of test piece

The test piece shall be prepared by machining, electro-discharge machining, etc., as specified in
ISO 13314.

Cutting into test pieces shall be executed with the utmost care so as not to alter the cellular structure or
pore shape of the porous and cellular metals.

© IS0 2020 - All rights reserved 5
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| H

\II\“ ‘“
“'uu dl

Key

1 rupture pin

2 loadcell

3  testpiece

4  displacement sensor
5 pressing jig

6  stopper

Figure 2 — Schematic of a servo-hydraulic type high-speed compression testing machine

7.2 Shape and dimensions of the test piece
The shape and dimensions of the test piece shall be as follows.
a) The shape of the test piece shall be a square prism, a rectangular prism, or a column.

b) Thelength of the shorter side or diameter of the test piece shall be no less than 10 times the average
pore size.

c) The average pore size shall be measured in the cut section.

d) The initial height of the test piece, H, shall be between one and two times the diameter or length
of the shorter side of the test piece. In the case of the drop weight impact test, however, the initial
height of the test piece shall be more than two times the test piece height, H;, at a time when the
weight contacts the absorber, as shown in Figure 3.
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The shape and size of the test piece used for the preliminary test of the drop weight impact test
shall be as specified in ISO 13314 regardless of items a) to d) above.

1

~

test piece
absorber
pressing jig
load cell

Figure 3 — Relation between the initial height of the test piece and that of the absorber in a

drop weight impact test

Drop weight impact test

8.1 Preparation

The drop weight impact test shall be prepared as follows.

a) Preliminary test
For the preliminary test, the compression test in accordance with ISO 13314 shall be executed
using a test piece of the same material, so as to determine the mass of the weight before starting
the main test.
The preliminary test shall be made once or more to measure the energy absorption up to 50 % of
compressive strain.
b) Setting the drop height
The drop height can be determined from Formula (1) according to the desired test speed:
V2
h=-9_ (0
29
where
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h  is the drop height (m);
V, is the test speed (m/s);
g isthe acceleration of gravity (m/s?).
The initial strain rate is calculated from Formula (2):
VO
a=1 000x— (2)
HO
where
a isthe initial strain rate of the test piece (s™1);
H, 1isthe initial height of the test piece (mm).
c) Mass of the weight
The mass of the weight shall meet Formula (3):

-3
4w__ AH,x10
m>—_sta’ 07" (3)
3gh

where

m is the mass of the weight (kg);

is the energy absorption (M]J/m3) up to 50 % of the compressive strain, as determined in 8.1
item a);

sta

A is the initial cross-sectional area of the test piece (mm?2).

The mass of the weight shall be sufficiently large to ensure the appropriate evaluation of the
compressive characteristics at the specified test speed.

d) Operation check

Confirmation of the measuring instrument used to acquire the compressive force from the testing
machine operates correctly in accordance with the method specified in ISO 7500-1. The
displacement data is recorded as per clause 6.2.5.

e) Safety measures

Depending on the type of porous metal, the test piece might break during compressive deformation,
with possible scattering of broken pieces. A suitable guard around the testing machine is
recommended to contain any ejected fragments.

8.2 Test

The drop weight impact test shall be as follows.

a) The dimensions of the test piece shall be measured using suitable measuring equipment. The
measured values shall be rounded to the nearest 0,1 mm in accordance with the method specified
in ISO 80000-1.
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b)

d)

9

ISO 17340:2020(E)

The test piece shall be installed with its centre aligned to that of the pressing jig. The pressure-
application plane may be coated with lubricant.

To prevent movement of the test piece during the compression test, adhesive may be applied to the
bottom surface of the test piece to fix it to the pressing jig. If adhesive is used it shall be applied in
the form of solid tape or liquid film. Penetration of adhesive into the open pores should be avoided
in order to prevent constraint of the deformation of cells at the bottom surface of the test piece.

The absorber shall be installed in the specified position.

The weight shall be dropped and the compressive force and displacement shall be recorded. The
data shall be recorded and synchronized with a sampling frequency of 10 kHz or higher.

Servo-type high-speed compression test

9.1 Preparation

The servo-type high-speed compression test shall be prepared as follows.

a)

b)

d)

Stopper

The stopper shall have a height appropriate to the maximum displacement, in compression, of the
test piece.

Approach length

It is necessary to establish the approach length according to the test speed so that the servo-type
high-speed compression test can be made at the specified test speed.

The pressing jig shall be moved without installation of the test piece to the testing machine to make
the pressing jig movement distance-time curve. On the basis of this curve, the approach length
necessary to reach the test speed of the main test shall be determined.

Operation check
An operation check shall be made similarly to the case of 8.1 d).
Safety measures

Safety measures shall be taken similarly as in the case of 8.1 e).

9.2 Test

The servo-type high-speed compression test shall be as follows.

a)
b)
‘)
d)

e)
f)

The dimensions of the test piece shall be similar as in the case of 8.2 a).
Installation of the test piece shall be similar as in the case of 8.2 b).
The rupture pin shall be installed in the testing machine.

The stopper shall be installed on top of the pressing jig. The stopper shall be positioned in such a
manner that the test piece under compressive deformation does not contact the stopper.

The approach length appropriate to the specified test speed shall be provided.

The compressive force shall be applied to the test piece with the specified test speed and the
compressive force and displacement shall be recorded. Recording shall be made with the sampling
frequency of 10 kHz or higher.
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10 Calculations

10.1 Compressive strain
The compressive strain shall be calculated from Formula (4):
AL

e=—x100 4
H (4)

where
e isthe compressive strain (%);

AL isthe displacement of the pressing jig from the initial contact position with the test piece (mm).

10.2 Compressive stress

The compressive stress shall be calculated from Formula (5):

o=— (5)

o isthe compressive stress (N/mm?2);

F  is the compressive force (N).

10.3 Compressive stress-strain curve
The compressive stress-strain curve shall be prepared as follows.

a) From the compressive strain and the compressive stress determined in 10.1 and 10.2, the
compressive stress-strain curve (see Figure 4) shall be prepared.

b) When the compressive stress contains any periodic noise [see Figure 4 a)], the compressive stress-
strain curve [see Figure 4 b)] shall be prepared by removing unnecessary noise through adequate
filtering. For filtering, see Annex A.

10.4 Plateau stress (opl)

The plateau stress defined in ISO 13314 shall be determined as the arithmetical mean of the stresses
with 0,1 % or smaller strain intervals between 20 and 30 % or 20 and 40 % compressive strain [see

Figure 5 a)].

10.5 Plateau end

The plateau end defined in ISO 13314 shall be determined as the point in the stress-strain curve at
which the stress is 1,3 times the plateau stress [see Figure 5 a)].

10.6 Plateau end strain (e,)

The plateau end strain defined in ISO 13314 shall be determined as the compressive strain at the
plateau end [see Figure 5 a)].
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10.7 Energy absorption

The energy absorption per unit volume defined in ISO 13314 shall be calculated from Formula (6):

_ 1 ®max
_E-[o ode 6)

where

W s the energy absorption per unit volume (M]/m3);

enax 1S the upper limit value of the compressive strain (%).

The upper limit value of the integration range shall be either the 50 % compressive strain value or
the plateau end strain value. However, different upper limit values can be employed as required [see

Figure 5 b)].

0 1T PP PRI PP PRI PR PP PP

0 10 20 30 40 50 60 70 80 e

a) Compressive stress-strain curve containing noise
o

10

0 10 20 30 40 50 60 70 80 e

b) Compressive stress-strain curve after noise removal
NOTE Test speed: 4 m/s.

Figure 4 — Compressive stress-strain curves for porous aluminium
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1,3 Oy

(40)

a) Plateau stress, plateau end and plateau end strain
o

w

0 //

0 e e

max

b) Energy absorption
Key
1 plateau end

Figure 5 — Schematic of compressive stress-strain curves for porous and cellular metals

11 Test report
The test report shall specify the following:
a) testpiece:
1) nature and designation of the product;
2) the material, density, porosity, type of pores (open or closed), and average pore size;
3) dimensions and whether it has a surface skin or not;
4) the number of test pieces;
b) testing method:
1) ambient temperature;
2) testing machine used;
EXAMPLE Drop weight impact testing machine or servo-type high-speed compression testing machine.

3) the test speed and initial strain rate;
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4) with/without lubricant and with/without adhesion;

5) sampling frequency recording the compressive force and displacement;
test results:

1) plateau stress;

If there is no visible plateau in the diagram, then report that there is no plateau.

2) energy absorption (indicating the upper strain for determination, e.g. 50 %).

The following optional information can be included in the test report:

a)

b)

d)

compressive force-displacement curve;

In the case of the drop weight impact test, the absorber operation start displacement shall be
clearly indicated.

compressive stress-strain curve;
If filtering has been carried out, the information on the filter used shall be clearly indicated.
plateau end and plateau end strain.

statistics of measured quantities.
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Annex A
(informative)

Filtering of the measurement data

A.1 General

This annex provides a supplementary description of filtering for preparation of the compressive stress-
strain curve of porous and cellular metals.

A.2 Filtering

The measurement data of the compressive force and displacement could contain periodic noise which
has arisen from the response performance of the load cell and displacement meter in the high-speed
compression testing machine or from the stiffness of the testing machine as a whole, as well as the
resonance frequency. Figure A.1 shows an example for a compressive stress-strain curve derived from
the drop weight impact testing machine with a strain-gauge-type load cell. In this case, the compressive
stress (compressive force) contains periodic noise.

When the measurement data contain such noise, a filter can be used to remove noise. It is recommended,
however, that the filter to be used does not distort the original high-speed compressive deformation
characteristics of the material being tested.

A.3 Frequency characteristics of the filter

ISO 6487011 and SAE ] 211-1[2] categorize the measuring-channel frequency class (CFC) into four types:
CFC60, CFC180, CFC600, and CFC1000. The number of each class represents the frequency (Hz) at which
the frequency characteristics on the high-frequency side starts to decrease (to be removed), which
means that, with the number being smaller, the lower frequencies will be removed.

For filtering in the high-speed compression test of porous and cellular metals, it is recommended to refer
to the above description. Figure A.2 shows the compressive stress-strain curves obtained by applying
numerical filtering equivalent to their CFC classes to the original waveform of Figure A.1. Lowering
the CFC frequency characteristics used for filtering causes the waveform to become smoother, but can
possibly distort the original compressive stress-strain characteristics of materials. In this example, the
filter approximately equivalent to CFC600 is recommended.
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Key
e  compressive strain (%)
o  compressive stress (N/mm?)

NOTE Porosity: 91,4 %; test speed: 4 m/s.

Figure A.1 — Example of a compressive stress-strain curve from a high-speed compression test
of porous aluminium
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d) CFC1000

0 20 40 60 80 100 e
c) CFC600
/
Y. ,-..-_.M"rr/
vy L Al
0 20 40 60 80 100 e

Figure A.2 — Compressive stress-strain curves of porous aluminium derived after filtering the
original waveform of Figure A.1
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Annex B

(Clause 3.6 and 3.7)

Stress-strain curve to determine the characteristic values from
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Figure B.1 Stress-strain curve to determine the characteristic values from compression testing
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Clause / Subclause

3.6
plateau stress

3.7
plateau end

3.8
energy absorption

3.9
energy absorption eficiency

8.4 (d)
Operation check

Annex B

18

National Annex C
(National Foreword)

Modifications

Add ' oy - arithmetical mean of the streeses at 0,1 or similler strain intervals between
20 % and 30 % or 20 % and 40 % compreeive strain.

NOTE The strain range/interval, 20 % and 30 % or 20 % and 40 %,
for arithmetical mean varies depending on the plateau end strain.'

Add 'point in the stress-strain curve at which the stress is 1,3 times the
plateau stress.

See Figure B.1.

NOTE If this point does not adequately represent the end of the plateau range,
another stress can be selected which corresponds to the curve trace.'

Add 'W - area under the stress-strain curve up to 50 %strain or up to the
plateau end strain, eple.
NOTE The energy absorption up to other strain values can also be determined.’

Add 'energy absorption divided by the procduct of the maximum comressive
stress within the strain range and the magnitude of the strain range.’

Add 'The displacement data is recorded as per clause 6.2.5.

NOTE A safety guard preferbably trasparent (made up of poly carbonate
sheet) may be recommended rather than opaque one. It will be useful to
record the test event by high speed video camera to better understand
the deformation behaviour of specimens.

Warning to operator: No one should stand in front of the machine while
operatin as the fragments generated during the test may cause severe

injuries.'

Add 'Annex B - Stress-strain curve to determine the characteristic values from
compression testing of porous and cellular metals.'
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received
notice of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals,
Subcommittee SC 1, Uniaxial testing, in collaboration with the European Committee for Standardization
(CEN) Technical Committee CEN/TC 459/SC 1, Test methods for steel (other than chemical analysis),
in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

This fourth edition cancels and replaces the third edition (ISO 204:2018), which has been technically
revised.

The main changes are as follows:
— Figure 1 has been corrected;
— symbols were revised;

— Formulas in Table 1 have been removed,;

— the informative annex relating to computer compatible representation of standards has been
deleted;

— Bibliography has been updated.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Creep is the phenomenon exhibited by materials which slowly deform when subjected to loading at
elevated temperature. This document is concerned with the method used to measure such material
behaviour.

Annexes are included concerning temperature measurement using thermocouples and their
calibration, creep testing test pieces with circumferential V and blunt (Bridgman) notches, estimation
of measurement uncertainty and methods of extrapolation of creep rupture life.

Information is still sought relating to the influence of off-axis loading or bending on the creep properties
of various materials. Based on the future availability of quantitative data, consideration can be given
as to whether the maximum amount of bending should be specified and an appropriate calibration
procedure be recommended. The decision will need to be based on the availability of quantitative
datalll.

This document incorporates many recommendations developed through the European Creep
Collaborative Committee (ECCC).
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Metallic materials — Uniaxial creep testing in tension —
Method of test

1 Scope

This document specifies the methods for:

a) uninterrupted creep tests with continuous monitoring of extension;

b) interrupted creep tests with periodic measurement of elongation;

c) stress rupture tests where normally only the time to fracture is measured;

d) atestto verify that a predetermined time can be exceeded under a given force, with the elongation
or extension not necessarily being reported.

NOTE A creep test can be continued until fracture has occurred or it can be stopped before fracture.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
ISO 6892-2, Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature

ISO 7500-2, Metallic materials — Verification of static uniaxial testing machines — Part 2: Tension creep
testing machines — Verification of the applied force

[SO 9513, Metallic materials — Calibration of extensometer systems used in uniaxial testing

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

reference length

LI‘

base length used for the calculation of either percentage elongation or percentage extension

Note 1 to entry: Several different gauge lengths and reference lengths are specified in this document. These
lengths reflect custom and practice used in different laboratories throughout the world. In some cases, the
lengths are physically marked on the test piece as lines or ridges; in other cases, the length can be a virtual
length based upon calculations to determine an appropriate length to be used for the determination of creep
elongation. For some test pieces, L, L, and L, are the same length.

Note 2 to entry: A method to calculate this value is given in 7.5.
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3.2
original gauge length

(0}
length between gauge length marks on the test piece measured at ambient temperature before the test

Note 1 to entry: In general, L, = 5D.

y Mo =

3.3

extensometer gauge length

Le

distance between the measuring points of the extensometer

3.4

parallel length

L

lecngth of the parallel reduced section of the test piece

3.5

final gauge length after fracture

LLI

length between gauge length marks on the test piece measured after fracture, at ambient temperature,
with the pieces carefully fitted back together with their axes in a straight line

3.6

original cross-sectional area
SO

cross-sectional area of the parallel length as determined at ambient temperature prior to testing

3.7
minimum cross-sectional area after fracture
S

u
minimum cross-sectional area of the parallel length as determined at ambient temperature after

fracture, with the pieces carefully fitted back together with their axes in a straight line

3.8

initial stress

RO

applied force divided by the original cross-section area, S, of the test piece

3.9

extension

ALg;

increase of extensometer gauge length, L, at time t and at test temperature

Note 1 to entry: “Extension” is used for uninterrupted creep test with continuous measurement of the increase of
the length of the test piece by using an extensometer.

Note 2 to entry: For further information, see 6.2.

3.10

elongation

AL,

increase of original gauge length, L, at time ¢

Note 1 to entry: “Elongation” is mainly used for interrupted creep test with the manual measurement of the
increase of the length of the test piece.

Note 2 to entry: For further information, see 6.2.
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3.11

percentage extension

e

extension at test temperature expressed as a percentage of the reference length, L, as given in

Formula (1)

AL
e:L—etxwo 1)

r

Note 1 to entry: See Figure 1.

3.12

percentage elongation

A

elongation expressed as a percentage of the reference length, L, as given in Formula (2)

AL

A= L—°t>< 100 (2)
r
3.13
percentage elastic extension
e

e
extension at test temperature expressed as a percentage of the reference length, L, which is proportional

to the initial stress, R,

Note 1 to entry: This value can be calculated from the stress/percentage extension values during loading. See
8.4.2.

Note 2 to entry: See Figure 1.

3.14

percentage initial total extension

€

extension at test temperature expressed as a percentage of the reference length, L, at end of loading
with the initial stress, R

Note 1 to entry: See Figure 1.

3.15

percentage initial plastic extension

€

extension at end of loading and at test temperature with the initial stress, R, expressed as a percentage
of the reference length, L, and determined as the difference between the percentage initial total
extension, e,;, and the percentage elastic extension, e, as given in Formula (3)

e = ey - e (3)

Note 1 to entry: See Figure 1.
Note 2 to entry: This value represents the plastic extension during the loading phase.

3.16

percentage total extension

€

extension at the test force at time ¢ and at test temperature, expressed as a percentage of the reference
length, L,

Note 1 to entry: See Figure 1.
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3.17
percentage plastic extension
e
p
extension at time t and at test temperature determined as the difference between the percentage total
extension, e, and the percentage elastic extension, e,, expressed as a percentage of the reference length,

L, as given in Formula (4)

e, =e € (4)

Note 1 to entry: See Figure 1.

3.18
percentage total ultimate extension
eu

total extension at rupture and at test temperature, expressed as a percentage of the reference length, L.

3.19

percentage creep extension

et

extension, determined under full test force and at test temperature, as the difference between the
percentage plastic extension, e, and the percentage initial plastic extension, e;, expressed as a
percentage of the reference length, L, as given in Formula (5)

er=e e (5)

Note 1 to entry: See Figure 1.

» o«

Note 2 to entry: Suffix f originates from “fluage”, “creep” in French.

3.20

percentage anelastic extension

€k

negative extension at end of unloading at test temperature, expressed as a percentage of the reference
length, L,

Note 1 to entry: See Figure 1 and 8.4.

3.21
percentage permanent extension

e
per

extension at end of unloading and at test temperature determined as the difference between the

percentage total extension, e, and the sum of percentage elastic extension, e, plus the percentage

anelastic extension, e}, expressed as a percentage of the reference length, L, as given in Formula (6)

€per = €¢ - (ee + ek) (6)
Note 1 to entry: In the case of e, = 0, the following relationship may be used: €per X €
Note 2 to entry: See Figure 1.

3.22

percentage permanent elongation

A er

elongation expressed as a percentage of the reference length, L, at end of unloading and at room
temperature

4 © IS0 2023 - All rights reserved





ISO 204:2023(E)

3.23

percentage elongation after creep fracture

Au

permanent elongation after fracture, L, - L, expressed as a percentage of the reference length, L, as

given in Formula (7)

L, -L
:%xwo (7)

T

A

u

Note 1 to entry: A, may have the specified temperature, T, in degrees Celsius as superscript and the initial stress,
R,, in megapascal as subscript; see the example in Table 1.

3.24

percentage reduction of area after creep fracture

Zu

maximum change in cross-sectional area measured after fracture, S, - S, expressed as a percentage of

the original cross-sectional area, S, as given in Formula (8)

S —§
:%xmo (8)

[¢]

Z

u

Note 1 to entry: Z, may have the specified temperature, T, in degrees Celsius as superscript and the initial stress,
R,, in megapascal as subscript; see the example in Table 1.

3.25

creep extension time

Fix . . . . . .

time required for a strained test piece to obtain a specified percentage creep extension, x, at the
specified temperature, T, and the initial stress, R

EXAMPLE  tg,

3.26

plastic extension time

tpx

time required to obtain a specified percentage plastic extension, x, at the specified temperature, 7, and

the initial stress, R,

Note 1 to entry: An example for ¢, is given in Figure E.2 a) (t,; = 100 000 h corresponds to e, = 1 % at
R, =120 MPa).

3.27

creep rupture time
tu

time to rupture for a test piece maintained at the specified temperature, T, and the initial stress, R,

Note 1 to entry: The symbol ¢, can have as superscript the specified temperature, T, in degrees Celsius and as
subscript the initial stress, R, in megapascal; see the example in Table 1.

3.28
single test piece machine
testing machine that permits straining of a single test piece

3.29

multiple test piece machine

testing machine that permits straining of more than one test piece simultaneously at the same
temperature

3.30 More definitions related to creep are given in Annex F.
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4

Symbols and designations

The symbols and corresponding designations are given in Table 1.

Table 1 — Symbols and designations

Symbol? Unit Designation
a mm Thickness of a test piece of square or rectangular cross-section [see Figure 2 b)]
Aper % Percentage permanent elongation

NOTE As an example, the symbol can be completed as follows:

Aper%% 000 : Percentage permanent elongation with an initial stress of 50 MPa

after 5 000 h at the specified temperature of 375 °C.

A % Percentage elongation after creep fracture [see Formula (7)]

NOTE As an example, the symbol can be completed as follows:

Augf;%s : percentage elongation after creep fracture with an initial stress of
50 MPa at the specified temperature of 375 °C.

b mm Width of the cross-section of the parallel length of a test piece of square or rec-
tangular cross-section

D mm Diameter of gauge length of a cylindrical test piece
d mm Diameter of gauge length without a notch in a combined notched/unnotched
test piece (see Figure C.1)
D, mm Diameter of gauge length containing a notch
d mm Diameter across root of circumferential notch

For a combined notched/unnotched test piece d = d,,

e % Percentage extension
€, % Percentage elastic extension
eg % Percentage creep extension [see Formula (5)]

NOTE As an example, the symbol can be completed as follows:

e %35 0oo percentage creep extension with an initial stress of 50 MPa after
5000 h at the specified temperature of 375 °C.

€ty % Percentage creep extension at creep rupture time
e; % Percentage initial plastic extension

ey % Percentage anelastic extension

e, % Percentage plastic extension

er % Percentage permanent extension
€pu % Percentage plastic extension at creep rupture time
e, % Percentage total extension

ey % Percentage initial total extension

e, % Percentage total extension at creep rupture time
L. mm Parallel length

r

(o]

u

NOTE 1 Indextcan have different meanings, e.g. time, total or transition

NOTE 2 For the purposes of creep testing in this document, the terms "fracture" and "rupture" are interchangeable and
are used to describe when a test piece breaks.

The main subscripts (r, o and u) of the symbols are used as follows:
corresponds to reference;
corresponds to original;

corresponds to ultimate (after rupture).
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Table 1 (continued)
Symbol? Unit Designation
L, mm Extensometer gauge length
AL, mm Extension
0 mm Parallel gauge length containing a notch
o mm Original gauge length
AL, mm Elongation
L. mm Reference length
L, mm Final gauge length after fracture
n - Norton creep exponent
rn mm Notch root radius
R, MPa Initial stress
re mm Transition radius
S, mm? Original cross-sectional area of the parallel length
Su mm? Minimum cross-sectional area after fracture
t h Elapsed time from end of loading
T °C Specified temperature
T. °C Corrected measured temperature
tey h Creep extension time
tox h Plastic extension time
ty h Creep rupture time
NOTE As an example, the symbol can be completed as follows:
ty %5 : creep rupture time with an initial stress of 50 MPa at the specified
temperature of 375 °C.
tun h Creep rupture time of a notched test piece
X % Specified percentage creep or plastic extension
Z, % Percentage reduction of area after creep fracture [see Formula (8)]
NOTE As an example, the symbol can be completed as follows:
Z, 5335 : percentage reduction of area after creep fracture with an initial stress
of 50 MPa at the specified temperature of 375 °C.
a  The main subscripts (r, o and u) of the symbols are used as follows:
r corresponds to reference;
o corresponds to original;
u corresponds to ultimate (after rupture).
NOTE 1 Index tcan have different meanings, e.g. time, total or transition
NOTE 2 For the purposes of creep testing in this document, the terms "fracture" and "rupture" are interchangeable and
are used to describe when a test piece breaks.

5 Principle

The test consists of heating a test piece to the specified temperature and of straining it by means of
a constant tensile force or constant tensile stress (see Note) applied along its longitudinal axis for a
period of time to obtain any of the following:

— aspecified creep extension (uninterrupted test) with continuous extension measurement;

— values of permanent elongation at suitable intervals throughout the test (interrupted test);
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— the creep rupture time (uninterrupted and interrupted test).

NOTE “Constant stress” or "true stress” means that the ratio of the force to the instantaneous cross-section
remains constant throughout the test. The results obtained with constant stress are generally different from
those obtained with constant forcel2l.

6 Apparatus

6.1 Testing machine

The testing machine shall apply a force along the axis of the test piece while keeping inadvertent bending
or torsion of the test piece to a minimum. Prior to test, the machine should be visually examined to
ensure that loading bars, grips, universal joints and associated equipment are in a good state of repair.

The force shall be applied to the test piece without shock.

The machine should be isolated from external vibration and shock. The machine should be equipped
with a device which minimizes shock when the test piece fractures.

The machine shall be verified and shall meet the requirements of at least class 1 in ISO 7500-2.
6.2 Extension and elongation measuring devices

6.2.1 Extension measuring device

In uninterrupted tests, the extension shall be measured using an extensometer which meets the
performance requirements of class 1 or better of ISO 9513 or by other means which ensure the same
accuracy without interruption of the test. The extensometer can either be directly attached to the test
piece or be non-contacting (e.g. a non-contacting optical or laser extensometer).

It is recommended that the extensometer be calibrated over an appropriate range based upon the
expected creep strain.

The extensometer shall be calibrated at intervals not exceeding 3 years, unless the test duration
is longer than 3 years. If the predicted test duration exceeds the date of the expiry of the calibration
certificate, then the extensometer shall be recalibrated prior to commencement of the creep test.

The extensometer gauge length shall not be less than 10 mm.

The extensometer shall be capable of measuring extension of one side of the test piece or, preferably, on
opposite sides of the test piece.

The type of extensometer used (e.g. single-sided, double-sided, axial, diametral) should be reported.
When the extension is measured on the opposite sides, the average extension should be reported.

When the extension is measured with an extensometer attached to the grip ends of the test piece, the
ends shall be of such shape and size that it can be assumed that the observed extension has occurred
completely within the reference length of the test piece. Percentage creep extension is measured over
L.
A gauge length as long as possible should be used to improve the accuracy of measurements.

Care should be taken to avoid spurious negative creep when using nickel base alloy extensometers. See
the Code of Practicel3l,
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For low creep strain measurements, e.g. <1 % strain, on test pieces with short gauge lengths, careful
consideration should be given to ensure that the measuring device used has sufficient resolution and
accuracy over the range of use.

NOTE1 Information on the long-term stability of transducers used for creep testing and accreditation issues
is given in References [4] and [5].

NOTE 2 No extensometer is required if only the percentage elongation after creep fracture or the percentage
creep elongation for a specified test duration is determined.

6.2.2 Elongation measuring device

In interrupted tests, periodically unload the test piece, cool it to ambient temperature and measure the
permanent elongation on the gauge length with an appropriate device. The precision of this device shall
be 0,01 AL, or 0,01 mm, whichever is the greater. After this measurement, the test piece may be first
reheated and then reloaded.

6.3 Heating device, temperature measuring equipment and calibration

6.3.1 Permissible temperature deviations

The heating device shall heat the test piece to the specified temperature, T. The permitted deviations
between the corrected measured temperature, T, and the specified temperature, T, and the permitted
maximum temperature variation along the test piece shall be as given in Table 2.

Table 2 — Permitted deviations between T, and T'and maximum permissible temperature
variation along the test piece

Specified temperature Permitted deviation between Maximum permissible temperature
T T.and T variation along the test piece
°C °C °C
T=<600 +3 3
600 < T<800 *4 4
800<T=<1000 *5 5
1000<T=<1100 *6 6

For specified temperatures greater than 1 100 °C, the permitted values, including drift, shall be
specified by agreement between the parties concerned.

The corrected measured temperatures, T, are the temperatures measured at the surface of the parallel
length of the test piece, errors from all sources, including drift (see Annex A), being taken into account
and any systematic errors having been corrected.

Itis permitted to carry out indirect measurement of the temperature of each heating zone of the furnace
provided that it is demonstrated that the tolerance specified above is fulfilled on the test piece instead
of measuring the temperature at the surface of each individual test piece.

If an extensometer is used, the parts of this instrument outside the furnace shall be designed and
protected in such a way that the temperature variations in the air around the furnace do not significantly
affect the measurements of the variations in length.

Variations in temperature of the air surrounding the test machine should not exceed +3 °C.

In the interrupted test, the variation of the room temperature during all measurements of the gauge
length should not exceed +2 °C. If this range is exceeded, corrections for ambient temperature variations
shall be applied.
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6.3.2 Temperature measurement

6.3.2.1 General

The temperature indicator shall have a resolution of at least 0,5 °C. The temperature measuring
equipment shall have an accuracy equal to or better than +1 °C.

For thermocouples, in the absence of measuring instruments with cold junction compensation, cold
junction temperatures, normally at 0 °C, shall be measured to within 0,5 °C.

Many laboratories maintain the cold junction above ambient temperature. Whatever its temperature,
it shall remain stable and appropriate compensation shall be applied to determine the temperature
measured by the thermocouple.

NOTE Information concerning drift of thermocouples is given in Annex A and methods of calibration of
thermocouples are given in Annex B.

For indirect methods of temperature measurement e.g. pyrometry, thermal cameras or resistivity
techniques, it shall be demonstrated that traceability is provided to the SI System of temperature
measurement and that the above criteria for accuracy and resolution can be achieved.

6.3.2.2 Calibration of the temperature measuring equipment

The calibration of the temperature measuring equipment (including the cable, the connection, the cold
junction, the indicator or the recorder, the data line, etc.) shall be carried out by a method traceable to
the international unit (SI) of temperature.

If practicable, this calibration should be carried out annually over the range of temperatures measured
by the equipment and the readings shall be given in the calibration report.

6.3.2.3 Single test piece machines

In single test piece machines, with thermocouples used for temperature measurement, at least two
thermocouples should be used for test pieces with a parallel length less than or equal to 50 mm. For test
pieces with a parallel length greater than 50 mm, at least three thermocouples should be used. In all
cases, a thermocouple should be placed at each end of the parallel length and, if a third thermocouple is
used, it should be placed in the middle region of the parallel length.

The number of thermocouples may be reduced to one if it can be demonstrated that the conditions
of the furnace and the test piece are such that the variation of temperature of the test piece does not
exceed the values specified in 6.3.1.

6.3.2.4 Multiple test piece machines

In multiple test piece machines, with thermocouples used for temperature measurement, at least one
thermocouple should be used for each test piece. If only one thermocouple is used, it shall be positioned
at the middle of the parallel length. Three thermocouples may only be used if located at appropriate
positions within the furnace, and if there is supporting data to demonstrate that for all test pieces the
temperature conforms to the requirements of 6.3.1.

In the case of indirect temperature measurement, regular control measurements are required to
determine differences between the thermocouple(s) of each heating zone and a significant number of
test pieces within a given zone. The non-systematic components of the temperature differences shall
not exceed +2 °C up to 800 °C and 3 °C above 800 °C.
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6.3.2.5 Notched test pieces

Temperature measurement of notched test pieces shall be in accordance with either 6.3.2.3 or 6.3.2.4. It
is recommended that one thermocouple be placed close to the notch.

NOTE Details about testing notched test pieces are given in Annex C.

6.3.3 Thermocouples

The thermocouple junctions shall make good thermal contact with the surface of the test piece and
shall be screened from direct radiation from the heating source. The remaining portions of the wires
within the furnace shall be thermally shielded and electrically insulated.

Precautions shall be taken to minimize contamination and physical damage of thermocouples.
Insulators and/or insulation shall be maintained in a clean state to also minimise contamination and
prevent conduction.

Information concerning different types of thermocouples is given in IEC 60584-1[6l,

The use of rare metal thermocouples, preferentially of type S or R, is recommended for temperatures
equal to or greater than 400 °C[Zl,

Base metal thermocouples of type K should only be used either for temperatures lower than 400 °C
or for times less than 1 000 h at higher temperatures and should not be re-used without cutting back
exposed wire and re-calibrating.

Base metal thermocouples of type N may be used either for temperatures lower than 600 °C or for
times less than 3 000 h at higher temperatures and should not be re-used. The use of type N base metal
thermocouples is not permitted at temperatures above 760 °C[Zl,

Where the drift exceeds the following values within the calibration period, either more frequent
calibrations should be carried out or a correction be applied to the temperature indicated by the
thermocouple. See Annex A and References [8], [9], [10], [11] and [12].

— #1°Cfor T<600°C;

— #1,5°Cfor 600 °C< T<800 °C;

— *2°Cfor800°C<T<1100°C.

Records of drift shall be recorded and available on request.

NOTE1 Thermocouple drift is dependent on the type of thermocouple used and the exposure duration at
temperature; see Annex A.

NOTE2  Reference can be made to ASTM E633[13].
NOTE 3  This clause is not applicable in the case of indirect temperature measurement.

NOTE4  Other types of thermocouples are available but their suitability will be demonstrated.

6.3.4 Calibration of the thermocouples
NOTE1  Further information relating to thermocouples calibration is given in Annex B.

The calibration period for rare metal thermocouples in repeated use for short duration tests (typically
500 h or less) shall not exceed 13 months. Otherwise the period for calibration shall be as follows:

— 4years for T< 600 °C;
— 2 years for 600 °C < T<800 °C;
— 1lyear for T>800 °C.
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The re-use of base metal thermocouples is not permitted without re-calibration after each test unless
experience has shown that errors due to drift do not exceed the limits in 6.3.3 for the test conditions in
question, in which case they may be calibrated at intervals not exceeding 500 h use.

If the test duration exceeds the above calibration periods, the thermocouple shall be calibrated upon
completion of the test.

It shall be demonstrated that the error of the thermocouple used has been established at the test
temperature or is typical for a range containing the test temperature. Thermocouples showing errors
in excess of 1 °C may be used provided the appropriate corrections are made.

If a thermocouple is rewelded, the thermocouple shall be recalibrated before use.

Base metal thermocouples can be cut back removing any exposed wire and should be re-calibrated
before use.

7 Test pieces
7.1 Shape and dimensions

7.1.1 Shape and dimension of smooth test pieces
Normally test pieces with circular cross-sections shall be used; see Figure 2.

In general, the smooth (unnotched) test piece is a machined proportional cylindrical test piece
(L.= k\/SO) with a circular cross-section (see Figure 2). The value k should be equal to or greater than
5,65 (i.e. L. 2 5D). The value used shall be recorded in the test report.

In special cases, the cross-section of the test piece may be square, rectangular or of some other shape.
For these specific test pieces, the provisions specified for cylindrical test pieces with a circular cross
section shall be applied.

In general, L. should not exceed L_by more than 10 % for circular test pieces, or by more than 15 % for
square or rectangular test pieces.

The parallel length shall be joined by transition curves to the gripped ends, which may be of any shape
to suit the grips of the testing machine. The transition radius (r) should be between 0,25D and 1D for
the cylindrical test pieces, or 0,25b and 1b in the case of rectangular or square test pieces.

NOTE However, in some cases, especially for brittle materials, it is proven to be advantageous to use a
transition radius greater than 1D to prevent fracture near the transition radius or in the grip end.

Unless the sample size does not permit it, the original cross-sectional area (S,) shall be greater than or
equal to 7 mm?.

When a test piece having extensometer attachment ridges (collars) in the parallel length is used,
the transition radius of the collars may be less than 0,25d. This transition radius should be selected
to minimize the effect of collars on the deformation within the gauge length and there should be no
evidence of undercut when inspected. For test pieces with collars, the diameter between the collar and
the grip end may be up to 10 % larger than the diameter of the original gauge length; this should ensure
that fracture will occur within the gauge length.

The grip ends of test pieces shall have the same axis as the parallel length with a coaxiality tolerance of:
— 0,005D or 0,03 mm, whichever is greater, for cylindrical test pieces;
— 0,005b or 0,03 mm, whichever is greater, for rectangular or square test pieces.

When oxidation is a significant factor, test pieces with a larger original cross-sectional area (S,) should
be used.
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The original reference length shall be determined to a measurement uncertainty of +1 %. The final
reference length should be determined to a measurement uncertainty of +1 %.

7.1.2 Shape and dimension of notched test pieces

When a notched test piece is used, the geometry and the position of this notch shall be specified by
agreement and with reference to Annex C.

7.2 Preparation

The test piece shall be machined in such a way as to minimize any residual deformation or surface
defects.

The shape tolerances shall conform to Table 3 for test pieces with circular cross-sections and to Table 4
for test pieces with square or rectangular cross-sections.

Table 3 — Shape tolerances of test pieces with circular cross-sections

Dimensions in millimetres

Nominal dimension Shape tolerances?
D
3<D<6 0,02
6<D<10 0,03
10<D<18 0,04
18 <D <30 0,05
a  Maximum deviation between the measurements of a transverse dimension
determined along the entire parallel length of the test piecell4],

Table 4 — Shape tolerances of test pieces with square or rectangular cross-sections

Dimensions in millimetres

Nominal dimension Shape tolerances?
b
3<b<6 0,02
6<b<10 0,03
10<b<18 0,04
18<b <30 0,05
a  Maximum deviation between the measurements of a transverse dimension
determined along the entire parallel length of the test piecel14],

The minimum original cross-sectional area should occur within the middle two thirds of the parallel
length or of the reference length, whichever is smaller.

NOTE To avoid the fracture position too near to the end of gauge length, it can be sensible to exploit half the
shape tolerance for a tapering of the test piece towards the centre of the gauge length.

When the test piece has a notch, its profile shall be checked to ensure that it conforms with the
tolerances specified in the relevant product standard and the procedures given in Annex C shall be
used.

7.3 Determination of the original cross-sectional area

The original cross-sectional area, S,, shall be calculated from measurement of appropriate dimensions
within the parallel length. Each appropriate dimension shall be measured to a measurement uncertainty
of £0,1 % or 0,01 mm, whichever is greater.

©1S0 2023 - All rights reserved 13





ISO 204:2023(E)

The size of the test piece shall be determined at three positions along the gauge length and the
minimum calculated value of the cross-sectional area shall be used for determining the applied force
corresponding to the specified stress.

7.4 Marking of the original gauge length, L

Each end of the original gauge length shall be marked by means of fine marks or scribed lines, or other
means, but not by notches which could result in premature fracture.

Where marked, the original gauge length shall be marked to an accuracy of 1 %.

NOTE In some cases, it can be helpful to draw, on the surface of the test piece, a line parallel to the
longitudinal axis, along which the gauge length is drawn. Marking of L is not necessary when a test piece with
small collars is used [see Figures 2 c) and d)].

7.5 Determination of the reference length, L_

Within this document, the various percentage extension/percentage elongation values (see 3.11 to
3.22) are expressed as percentages of the reference length, L.. The value of the reference length depends
on the test piece geometry and the type of extensometer that is used. Two different cases need to be
distinguished.

Case 1 — Original gauge length, L, and/or extensometer gauge length, L, inside the parallel length, L.

o’

This case is illustrated in Figure 2 a) and b), where the diameter of the test piece is constant within the
original gauge length and the extensometer gauge length (e.g. due to a respective positioning of original
gauge length marks or an extensometer that is attached only to the parallel length of the test piece).
The reference length, L, for calculation of percentage elongations is then given by Formula (9):

i

L.=L, (9

Similarly, the reference length, L, for calculation of percentage extensions is expressed by Formula (10):

i

L.=L, (10)

Case 2 — Original gauge length, L, and/or extensometer gauge length, L, outside the parallel length,
L.
This case is illustrated in Figure 2 c) and d), where test piece sections with diameter variations (like
shoulders of the test piece or ridges for extensometer application) form part of the original gauge
length and the extensometer gauge length. The reference length, L, for calculation of percentage
extensions/elongations should be calculated using Formula (11) to consider the strain contributions of
the shoulders/ridges (see Figure 2 d):

D 2n
Lr:Lc+22[(d—] 1,.] (11)

where

n isthe stress exponent at the test temperature for the material under investigation (if this is not
known, use n = 5);

I, is the length increment in the transition region (experience has shown a value of 0,1 mm to be
suitable for these calculations);
d; isthe test piece diameter in the central cross section of the respective length increment, /..
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In the case of e.g. rectangular or hollow cross section, Formula (12) should be used:

L =L, +22[(§—0J z,.] (12)

i 1

S, isthe original cross-sectional area of the parallel length;

(0]

S.

; is the test piece cross-sectional area of the respective length increment /,.

This calculation shall be performed for each test piece design; providing the test piece dimensions
remain within the limits specified in 7.1 and 7.2, a recalculation for each test piece produced to that
design is not required. On the contrary, a recalculation becomes necessary when relevant changes of
the stress exponent, n, occur either due to testing of a different material or due to testing in an extended
range of initial stresses and test temperatures.

If the difference between the calculated reference length and the extensometer gauge length, L, or the
original gauge length, L, is less than 0,5 % then L. can be chosen as equal to L, or L.

8 Test procedure

8.1 Heating of the test piece

The test piece shall be heated to the specified temperature, T. The test piece, gripping device and
extensometer shall be at thermal equilibrium.

This condition shall be maintained for at least 1 h before application of the force to the test piece, unless
the product standard states otherwise. In the uninterrupted test, the maximum time that the test piece
is held at the test temperature before applying the force shall not exceed 24 h. In the interrupted test,
this time should not exceed 3 h; the time under test temperature without force after unloading should
not exceed 1 h.

During the heating period, the temperature of the test piece should not, at any time, exceed the specified
temperature, T, with its tolerances. If these tolerances are exceeded, it shall be reported.

A small preload (less than 10 % of the test force) may be applied to the test piece in order to keep the
loading train in alignment, when heating up the test piece (i.e. before ¢ = 0).

8.2 Application of the test force

The test force shall be applied along the test axis in such a manner to minimize bending and torsion of
the test piece.

The applied force shall be known to an accuracy of at least +1 %. The application of the test force shall
be made without shock and should be as rapid as possible.

Special care should be taken during the loading of soft and face centred cubic (FCC) materials since they
may exhibit creep at very low force or at room temperature.

The beginning of the creep test and measurement of creep elongation is the time (¢ = 0) when the full
force of the initial stress is applied to the test piece (see Figure 1).
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8.3 Test interruptions

8.3.1 Planned interruptions of the test
The number of planned periodic interruptions should be sufficient to obtain the elongation data.

NOTE An example is given in 8.4.2.

8.3.2 Multiple test piece machine with several test pieces in line

After a test piece has fractured, the string of test pieces shall be removed from the testing machine to
allow replacement. Resume testing in accordance with 8.1 and 8.2.

8.3.3 Combined test

The test shall be performed initially with continuous strain measurement until the completion of
primary creep. If desired, the test piece may then be moved to another machine for continuation as an
interrupted test. See also 8.4.2 and Annex E[15][16],

8.3.4 Accidental interruption of the test

For any accidental interruption of the test due to, for example, interruption of heating or current, the
conditions of resumption of the test after each interruption shall be recorded in the test report. Ensure
that overloading of the test piece due to contraction of the force assembly is prevented.

NOTE The initial applied force can be maintained during these interruptions to minimize disturbance to
the extensometry. If necessary, the load can be reduced during a power interruption and the test re-loaded when
power is resumed and the test temperature achieved. It is prudent to maintain a force of at least 10 % to ensure
the loading string remains aligned.

8.4 Recording of temperature, time and elongation or extension

8.4.1 Temperature

Throughout the test, it is important that sufficient recordings of the temperature of the test piece are
made to demonstrate that the temperature conditions comply with the requirements of 6.3.1.

8.4.2 Elongation and extension

Either a continuous record of extension or a sufficient number of recordings of the elongation shall be
made throughout the test so that the creep-time curve can be traced (see Figure 3).

When only a determination of a percentage creep extension for a specified test duration is made,
plotting the creep-time curve is not necessary. Only the initial and final measurements are required.

In the interrupted test, the number of periodic interruptions for elongation measurement shall be
chosen in order to make it possible to interpolate the creep-time curve with sufficient accuracy to
determine times to percentage permanent elongation.

EXAMPLE An example of a sequence of time intervals for interruption strain measurements for long-
term testing is: 100 h, 250 h, 500 h, 1 000 h, 2 500 h, 5 000 h, every 5 000 h until 40 000 h then every 10 000 h
thereafter. Tests of 3 000 h duration or less should have an additional interruption at 50 h; for tests of 1 000 h or
less a further interruption at 25 h should be included in the test plan.

In the uninterrupted test, the percentage initial plastic extension, e;, shall be determined.

For the determination of the initial plastic extension, the elastic extension has to be subtracted. The
elastic extension should be determined from a stepwise measurement procedure during loading, or
it can be taken over from a tensile test at elevated temperature in accordance with I1ISO 6892-2. The
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elastic extension can alternatively be determined from a partial unloading procedure immediately

after loading if the plastic extension is lower than 1 %.

To determine the percentage initial plastic extension, e;, in the case of the interrupted creep test, a
tensile test at elevated temperature in accordance with ISO 6892-2 and ISO 6892-1 shall additionally
be performed at each creep test temperature with the exception from ISO 6892-2 that the strain rate
should be similar to the loading rate used in the creep test.

8.4.3 Elongation-time curve or extension-time curve

On the basis of records of time and elongation or extension, an elongation-time curve or extension-time

curve, respectively, can be drawn (see Figure 3).

9 Determination of results

The test results are determined from the preceding recordings using the definitions given in Clause 3.

10 Test validity

Unless the results meet the requirements of the product standard or the customer specification, the
percentage elongation after fracture shall be considered invalid if the test piece fractures outside the
parallel length, L, or outside the extensometer gauge length, L..

11 Accuracy of the results

11.1 Expression of the results

The resulting values shall be expressed in accordance with the following requirements concerning the

rounding rules:

— specified temperature (T):
— diameter (D):

— ratio (L,/D):

— reference length (L,):

— initial stress (R,):

— time (¢, tp,):

— time (t, t,,):

— percentage extension (e, e;, €, €5 €f» €0 €p €per

pu):

— percentage permanent elongation (4,,):

— percentage elongation after creep fracture (4,):

— percentage reduction of area after creep
fracture (Z,):

© IS0 2023 - All rights reserved

to1°C;

to 0,01 mm;

to one decimal place;
to 0,1 mm;

3 significant figures;
3 significant figures;

1 9%, or to the nearest hour, whichever is
smaller;

3 significant figures;

3 significant figures;
2 significant figures;

2 significant figures.
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11.2 Final uncertainty

Because the uncertainty of measurement of the results depends on the nature of the tested material
and the testing conditions, it is not possible to give precise values for the uncertainty.

Examples of estimated uncertainty for some materials are given in Annex D.

12 Test report

12

.1 Information on materials not covered by a product specification shall be reported in accordance

with 12.2, or both 12.2 and 12.3. For a representation of results and graphical extrapolation, see
Annex E.

12

18

.2 Information to be reported in the test report shall include, when applicable:
reference to this document, i.e. ISO 204:2023;
type of test (uninterrupted or interrupted);
material and test piece identification;

type and dimensions of the test piece (value of the proportionality coefficient k included), including
the reference length used;

specified temperature and corrected measured temperature, if it is outside the permitted limits;
initial applied stress;

constant applied force or constant applied stress;

test results;

position of the fracture (when outside of central two thirds of the parallel length);

percentage initial plastic elongation or extension;

conditions of accidental interruptions and resumptions of the test;

any occurrence which can affect the results, for example, deviations from the specified tolerances.

.3 Information to be available on request (made at the time of order) may include, when applicable:
machine type (single test piece machine, multiple test piece machine, etc.);
force application time;

elongation respectively extension-time curve with sufficient recordings to accurately construct the
curve;

percentage elastic elongation or extension due to the application of the force (see 8.4.2);

percentage elastic and anelastic elongation or extension due to unloading and the unloading time
(see 8.4.2);

information concerning the recorded values of any indicated temperature excursions outside the
permitted temperature limits specified in 6.3.1;

type of extensometer;
value of the drift of the thermocouples over the test period;

see also E.6 for recommended additional information regarding the sample material.
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12.4 The test conditions and limits specified in this document shall not be adjusted to take account of
uncertainties of measurement, unless specifically instructed otherwise by the customer (see Annex D).

12.5 The estimated measurement uncertainties shall not be combined with test results to assess
compliance with product specifications, unless specifically instructed otherwise by the customer (see
Annex D).

a eppr € e,
er
Key
R stress
R,  initial stress
e percentage extension

e, percentage total extension

e percentage elastic extension (after loading with initial stress)
e percentage plastic extension

er percentage creep extension

percentage initial total extension

percentage initial plastic extension

ey percentage anelastic extension

eper  Dercentage permanent extension
a Start of loading.

b End of loading.

¢ Start of unloading.

d End of unloading.

Figure 1 — Schematic stress — extension curve
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b) Test piece with shoulders and gauge length inside parallel length and rectangular cross

section

Le

Ltl

L(

N
A8
e N
LI‘

%

c) Test piece with shoulders and gauge length outside parallel length
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d) Test piece with collars
Key
v Vnotch (angle between 55° and 90°, depth 0,15 mm)

NOTE1 L, isdetermined in accordance with Formula (11) or Formula (12), as appropriate.

NOTE 2  The shape of the grip ends is given for information only.

NOTE 3 Refer clause 7.1.1 for typical shapes and dimensions.

Figure 2 — Examples of test pieces

a) Extension-time curve
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per

b) Elongation-time curve

a  Fracture.

Figure 3 — Creep curves
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Annex A
(informative)

Information concerning drift of thermocouples

A.1 General

The electromotive force (emf) produced by a thermocouple can change with long term exposure at high
temperature; this behaviour is colloquially known as “drift”.

If the drift characteristics of the particular type of thermocouple at a specified creep test temperature
are known then that information may be used to adjust furnace temperature on a creep testing machine
as time elapses to ensure that the test remains within the limits given in Table 2. It should be noted
that there are several contributions to the uncertainty budget, of which drift may be one of the larger
components.

A.2 Consequences of drift

Until about twenty years ago, many creep laboratories controlled the temperature of creep furnaces
using platinum resistances thermometers (PRTs) whilst monitoring the temperature of the test piece
with thermocouples. In general, PRTs are not prone to drift and thus the creep test temperature
remained stable within the specified tolerances given in the testing standards.

In most creep tests undertaken today, the furnace temperature is controlled by a thermocouple attached
to the test piece. Thus, if the emf of the control thermocouple drops off due to drift, the electronics of the
temperature controller senses the reduction in the emf and automatically increases the power to the
furnace so as to restore the indicated emf to the set point value. As a consequence, if the thermocouple
output drifts downwards, the true temperature of the creep test actually systematically increases.
Depending upon the magnitude of the drift, the test may deviate outside the test tolerances specified in
the testing standard.

The consequence of the test temperature continually increasing is that the measured creep life will be
shorter and the creep rate higher than in a test carried out at a constant temperature; thus, in general,
creep data is conservative and such data used for design of safety critical components will err on the
side of safety.

A.3 Drift data

During the 1960-70s, creep laboratories started to realize that thermocouple drift could result in tests
not complying with the temperature tolerances specified in the standards and thus it became common
practice to recalibrate intact thermocouples after a creep test was completed. In Europe, the use of
type K (Chromel/Alumel) thermocouples was largely discouraged for long-term creep testing during
the 1960s because it was recognised that they were prone to significant drift[1Z1[18],

Post creep test calibration data was reported in the UK for type R thermocouples!lZ] over a range of
creep test temperatures from 400 °C to 850 °C. Although the data shows a large amount of scatter, a
downward drift trend was indicated with approximately a drift of -3 °C + 2 °C at 600 °C. In addition, in
Japan, similar data was recorded for type R & S thermocouples121[201(21][22] The Japanese NRIM/NIMS
Creep Data sheet (CDS) project is still ongoing and an update of the changes in thermal electromotive
force of type PR thermocouples (Pt-Pt 12,8 %Rh) and type R after service for creep between 500 °C to
900 °C was presented at the ECCC conference in 2005201, An example graph is shown in Figure A.1, and
it can be seen that several results are now available for lives exceeding 100 000 h. Drift values of up to
12 °C were reported.
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Figure A.1 — Type PR thermocouple drift data measured after creep testingl20]

In addition, some limited data has been published for drift data after recalibration of type R
thermocouples following creep test at NPL[1Z], See Figure A.2.

24 © IS0 2023 - All rights reserved





ISO 204:2023(E)

Y
0
A
123
& A
-2 X o
% A
¥ a s &
'3 X A X #
pp A A
_4 | @ n A A <&
A
-5 | |
0 5000 10 000 15 000 X
Key
X duration of creep test, h
Y calibration drift, °C
3 750 °C
= 800 °C
850 °C
X 900 °C

Figure A.2 — Type R thermocouple drift data measured after creep testing[12l

Type N thermocouples are now being widely used for plant monitoring and creep testing, but as yet no
systematic drift data has been published in the temperature range used for creep testing. To address this
deficiency, the High Temperature Mechanical Testing Committee instigated some drift measurements
on sheathed type N thermocouples, initially at 650 °C at EDF, Gloucestershire and at 750 °C at NPL.

Preliminary results from the isothermal measurements undertaken at EDF Energy which have been
running for about 25 000 h indicate that drift of ~2 °C can be encountered which is not significantly less
than that measured in type K thermocouples.

Information on the performance of thermocouples used in creep testing is also given in other sources!16]
[23][24][25],

A.4 Concluding remarks

In general, the higher the creep test temperature, the greater the drift and it is clear that, unless an
allowance is made for drift, many creep tests will not comply with the tolerances specified in Table 2.

A number of laboratories have measured drift data after creep testing but have not published the
information. It would be helpful if such information were to be made publicly available.
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Annex B
(informative)

Information concerning methods of calibration of thermocouples

For the thermocouple calibration, two strategies can be recommended. The objective of both is
to ensure that the electromagnetic force (EMF) indicated by the thermocouple at the calibration
temperature (corrected, where necessary, for all systematic errors) equates as closely as possible to the
EMF specified by the appropriate IEC 60584-1 (6] reference table for that temperature. Both strategies
involve the use of reference thermocouples, which are directly traceable to a national standard. A pre-
requisite is that the calibration tolerance of the new thermocouple is in accordance with IEC 60584-16],
class 1 or an equivalent standard. The calibration of the temperature measuring equipment can be
carried out separately or during the thermocouple calibration.

Strategy 1 is based on in situ calibration of the thermocouple, i.e. thermocouple calibration either in the
actual furnace or in a calibration furnace with the same depth of immersion and temperature gradient
along the thermocouple wires. The error determined during in situ calibration is used to correct the
specified temperature of the thermocouple. If the error exceeds the limit associated with the uncertainty
relating to the immersion depth, the thermocouple is scrapped. Reference thermocouple drift due to
variable immersion depth during active and passive service should be surveyed and minimized.

Strategy 2 involves calibration of the thermocouple in a calibration furnace in which the depth of
immersion is similar to that in the testing furnace. If, on calibration, the laboratory’s tolerance, which
needs to include the effect due to depth of immersion, is exceeded, the thermocouple is cut back and re-
welded at the hot junction and/or annealed and calibration repeated. If after repeated calibration, the
laboratory’s calibration tolerance remains exceeded, the thermocouple is scrapped.
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Annex C
(normative)

Creep testing using test pieces with V or blunt circumferential
notches

C.1 General
Circumferentially notched test pieces may be employed in tensile creep testing to provide either:

a) the material response to a feature that introduces a significant stress concentration, e.g. a sharp
change in section of a component such as the root of a thread; or

b) the response of the material under a multi-axial stress state.

The former (a) may be evaluated using a V-notch geometry, as discussed in C.2, whilst the latter may be
achieved using blunt or semi-circular circumferential notches, as discussed in C.3.

C.2 V-notched test pieces

The use of circumferential V-notched test pieces has long been used to determine a material’s response
to features such as threads in components, both in tensile and creep testing. Frequently, a combined
test piece geometry was employed having a parallel shank region with the same cross-sectional area
as that across the throat of a notch machined into a larger diameter portion of the same test piece
(see Figure C.1). Such test pieces were primarily used to determine whether the material “notch
strengthened”, i.e. fractured in the plain shank region first, or “notch weakened”, i.e. fractured across
the notch. Clearly, the magnitude of the notch strengthening or weakening effect could not be quantified
from the use of the combined test piece geometry and if such information is required it is necessary to
test separately plain and notched test pieces under the same net section stress.

Table C.1 — Examples of dimensions of notched test pieces with circular cross-sections and
with an elastic stress concentration factor K, = 4,5 * 0,5[26]

Dimensions in millimetres

Root diameter, d,, Shaft diameter, D, Notch radius. r Tolerances
Tolerances £0,02 Tolerances 0,1 ’'n onr,
3<d,<6 4<D, <8 0,07<r,<0,14 +0,02
6<d,<10 8<D,<13,3 0,14 <r,<0,24 +0,03
10<d,<18 13,3<D,<239 0,24<r,<043 +0,05
18<d, <30 239<D,<40 0,43<r,<0,72 +0,09

For dimensions deviating from Table C.1, the test piece can be produced with a ratio D, /d,, within the
limits of 1,33 to 1,34, ratio d,,/r,, within the limits of 38 to 46 and additionally with an allowance of
radius r, # 12,5 %.

Additional information about stress concentration factors can be found in References [27] and [28].
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Figure C.1 — Combined notched and unnotched test piece

Earlier national standards had differences in the detailed notch geometry; however, following a
research investigation carried out under the auspices of the European Creep Collaborative Committee
(ECCQ), it is considered that the notch geometry, type E, shown on Figure C.2, is suitable for assessing
whether a material notch strengthens or weakens[221,

60° Type DIN BS E
V S N
D, /d, 1,25 1,41 1,25x1,41=1,33
c [=
— [ Y [ N B )
© SS
d,/ry 50 35 V50%35 =42
KQ/

Figure C.2 — Geometry of the test pieces type DIN, BS and E

The elastic stress concentration factorl(2¢l is calculated using Formula (C.1):
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Figure C.3 — Schematic diagram of a notched test piece with a circular cross-section

C.3 Blunt circumferential notches

The machining of blunt circumferential notches into tensile creep test pieces is a simple cost-effective
means of evaluating a material’s behaviour under a multi-axial stress state, which is similar to that
encountered by many industrial components under service conditions. Such notched test pieces were
first advocated in 1952 by Bridgman[391. A Code of Testing Practice for Notched Bar Creep Rupture Testing
was produced by a Working Group of the High Temperature Mechanical Testing Committee (HTMTC)
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in the early 1990s[31l. This latter document was subsequently revised [32], based on an EU-funded
project[33],

The Code of Practice has additionally been updated to cover creep strain measurement, which may be
undertaken using axial, or diametral extensometers[34l, Further information has also been published
relating to diametral strain measurement on notched creep test pieces[32l[3¢] and calibration of
diametral extensometers[3Z],

There is an industry-driven need to investigate the creep properties of materials over a much wider
range of tri-axial tensile stress states than is provided by V notches and to give some indication of
how creep strain accumulates under these circumstances. The notched bar tensile test is the most
straightforward experimental procedure to achieve this aim, especially since a wide range of stress
states can be generated across the notch throat by altering the notch profile. Three general classes of
notch profiles are shown in Figure C.4.

The interpretation of the data generated using such notches is complex and is discussed in detail by
Webster et al.[34],

;

a) Blunt
®0,

S

c) Parallel-sided

Figure C.4 — Three possible types of Bridgman notch[34]
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Annex D
(informative)

Method of estimating the uncertainty of the measurement in
accordance with the Guide to the expression of uncertainty in
measurement (GUM)

D.1 General

Measurement uncertainty analysis is useful for identifying major sources of inconsistencies of measured
results. Product standards and material property databases based on this and earlier versions of this
document have an inherent contribution from measurement uncertainty. It is therefore inappropriate
to apply further adjustments for measurement uncertainty and thereby risk failing compliant products.
For this reason, the estimates of uncertainty derived by following this procedure are for information
only, unless specifically instructed otherwise by the customer.

D.2 Purpose

This annex gives guidance on how to estimate the uncertainty of the measurements undertaken in
accordance with this document using a material with known creep properties. It is not possible to give
an absolute statement of uncertainty for this test method because there are both material dependent
and material independent contributions to the uncertainty statement. Hence, it is necessary to have a
prior knowledge of a material's creep response to temperature and stress before being able to calculate
the measurement uncertainty.

It is also shown how the estimation of measurement uncertainty may be used in conjunction with the
European Creep Certified Reference Material, BCR425[38], to assess conformance with this document.

D.3 Statements of uncertainty

D.3.1 Background

Customers using accredited testing laboratories sometimes request an overall estimate of uncertainty
of the accuracy of tests results. This is in accordance with the declared policy of the International
Organization for Standardization (ISO) and the European standards organizations (CEN and ECISS)
that all new standards concerned with testing techniques should contain a “statement of uncertainty”
or a method of calculating the accuracy of the test method based upon the tolerances specified in the
relevant standard. Similarly, most quality assurance systems call for an estimation of uncertainty of
measurement (see ISO/IEC 17025[321),

In addition, two important documents have emerged from ISO Standards Committees, i.e. the ISO 5725
series [40] and the Guide to the expression of uncertainty in measurement. Such documents largely use the
terms and vocabulary given in VIM, 1993[41]1),

In 1995, the Guide to the expression of uncertainty in measurement (hereafter, “GUM”) was published
jointly by several authoritative standards bodies, namely BIPM, IEC, IFCC, ISO, IUPAC, IUPAP and OIML.
In 2008, the GUM was reissued with minor corrections as ISO/IEC Guide 98-3[42l, It is a comprehensive
document based upon rigorous statistical methods for the summation of uncertainties from various
sources. Its complexity has provided the driving force for a number of organizations to produce

1) The 1993 edition of the VIM has since been revised by ISO/IEC Guide 99:2007, International vocabulary of
metrology — Basic and general concepts and associated terms (VIM).
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simplified versions of the GUM, e.g. the National Institute of Standards and Technology (NIST) in the
USAI43], the United Kingdom Accreditation Service (UKAS) in the UK[%4] and the British Measurement
and Testing Association (BMTAI2]), also in the UK. These various documents all give guidance on
how to estimate uncertainty of measurement based upon an “uncertainty budget” concept. Further
information can be obtained by reference to A Beginners Guidel26] and Estimating Uncertainties in
Testing[47], The approach adopted here for the Tensile Uncertainty Budgetl48l is similar to that proposed
for a creep testing uncertainty budget used in association with the Creep Certified Reference Material,
CRM BCR425[491150], Comprehensive statements of uncertainty have also now been published as part of
the EU-funded project Uncertl>1l and an additional document was issued covering creep uncertainty as
a CEN-endorsed Technical Workshop Agreement, CWA 15261-3[52], which will shortly be available as
ISO/TR 15264[5212),

Preliminary evaluation

\
List tolerances, scatter,
uncertainties from all sources

\

EVALUATE
TYPE A TYPE B
Repeat measurements Select distribution model:
and statistics Multiply by correction factor
COMBINED STANDARD
UNCERTAINTY
EXPANDED UNCERTAINTY

Multiply by k = 2 for 95 %
confidence level

Figure D.1 — Outline procedure for estimation of uncertainty

The following analysis is a simplified method for estimating uncertainty in creep testing, based
upon the concepts given in the GUM, shown schematically in Figure D.1. The total uncertainty of a
measurement is determined by summing all the contributing components in an appropriate manner.
It is necessary to quantify all the contributions, and, at the preliminary evaluation stage, to decide
whether some contributions are negligible and therefore not worth including in the subsequent
calculations. For most practical measurements in the materials field, the definition of negligible may be
taken as a component smaller than one-fifth of the largest component. The GUM categorizes two ways
of evaluating uncertainties, type A and type B. Type A determination is by repeat observations and,

2) Under preparation. Stage at time of publication ISO/AWI TR 15264.
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provided sufficient readings are available, e.g. more than nine, conventional statistical analysis can be
used to determine the standard deviations.

Type B evaluation is by means other than type A and makes use of, for example, tolerances specified in
standards, measured data, manufacturer’s specifications, calibration certificates and, in most cases,
a knowledge of a simple model of the relationship between the various components, and of the likely
distribution model of the components. If, for example, the tolerance specified in a standard is a, then in
absence of any other knowledge, it may be appropriate to assume a rectangular distribution model, in
which case the uncertainty becomes ug = a/V3.

If better knowledge is available, it may be that a triangular distribution is more appropriate, in which
case ug = a/V6, (see the GUM). The next step is to determine the combined standard uncertainty, U,
by summing the standard uncertainties, usually by using the root sum square method. The expanded
uncertainty, Ug, is then obtained by multiplying u, by a coverage factor, k, where k = 2 for a 95 %
confidence level; thus, Ug = 2u_. This procedure is shown schematically in Figure D.2.

Method evaluation

TYPE A TYPE B
Repeat measurements Other

Y

Obtain u values from

Determine s using statistics ) e .
manufacturer's specifications

Y

Decide relevant distribution model,
then multiply u by appropriate
factors to give standard

/

Sum uncertainties to give
combined standard uncertainty

- 2 2
uc—\/S +ul+..

 J

Calculated expanded uncertaintly
UE =k- UC

(k = 2 for 95 % confidence level)

Figure D.2 — Detailed procedure for estimating uncertainty in accordance with the GUM
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D.3.2 Statement of uncertainty: creep testing

In the case of most metallic materials, over a limited stress range the minimum creep rate, £,;,, may
be related to the applied stress, g, and the temperature, 7, by Formula (D.1):

Emin =A0" exp(-Q /RT) (D.1)
where

A is amaterial constant;

n isthe stressindex in the Norton creep law;

Q isthe creep activation energy;

R isthe universal gas constant.
NOTE For the purpose of Annex D, the above symbols are used and do not have the same definitions as those

listed in Table 1.

Since for most materials, to a first approximation, the creep rupture time, ¢, is directly proportional to
the inverse of the minimum creep rate, it can be seen that errors in t, and €, are due to errors in o
and T in the two separate components of Formula (D.1). Tolerances for ¢ and T are specified in testing
standards; however, the parameters n and Q are material dependent. Thus it is not possible to quote an

overall uncertainty value applicable for all materials which are tested in accordance with this document.

Using Formula (D.1), it has been shown elsewherel49] that for the solid-solution nickel base alloy, Nimonic
753) (CRM BCR425), with a creep activation energy, Q = 345 k] mol-1, a stress index n = 6, together
with the temperature and stress tolerances as permitted in this document, the expanded measurement
uncertainty Ug = 20,2 % at the 95 % confidence level.

Similarly, Granacher and Holdsworth[23] have compiled uncertainty budgets including a contribution to
the overall uncertainty due to the precision of the strain measurement system specifically for assessing
the measurement uncertainties for the times to achieve 0,2 % and 1 % plastic strains for interrupted
and uninterrupted tests. The materials examined included two ferritic steels (2%4Cr-1Mo at 500 °C, and
1Cr-1Mo-0,5 Ni-0,25V at 550 °C), one martensitic steel (12Cr-1Mo-0,3V at 600 °C) and one austenitic
steel (17Cr-13Ni-2Mo-0,2N at 600 °C) and times typically in the range of 30 000 h. A summary of their
estimates of the measurement uncertainties treating the tolerances as rectangular distributions and
expressed at the 95 % confidence level in accordance with the GUM is given in Table D.1.

Table D.1 — Range of uncertainties for ¢, , and ¢,

Interrupted tests Uninterrupted tests
% %
27 to 38 27 to 32

In addition, other factors can affect the measurement of creep properties such as test piece bending,
or methods of gripping the test piece, etc. However, since there is insufficient quantitative data
available on these effects, it is not possible to include their influence in uncertainty budgets at present.
This uncertainty budget approach only gives an estimate of the uncertainty due to the measurement
technique and does not make an allowance for the inherent scatter in experimental results attributable
to material inhomogeneity.

The uncertainty budget presented here could be regarded as an upper bound to the measurement
uncertainty for a laboratory undertaking testing in conformance with this document.

3) Nimonic 75 is the trademark of a product supplied by Special Metals Corporation. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
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D.4 A reference material for creep testing

D.4.1 General
During recent years, the benefits of the use of Certified Reference Materials (CRM) in the field of

mechanical testing have been recognized. Under the auspices of the Community Bureau of Reference
(BCR), a reference material has been developed for creep testingl[39]; see Table D.2.

Table D.2 — Certified values for the Nimonic 75 CRM BCR425

Property? Certified valueP Uncertainty®
Creeprate at 400 h 71,8 x 106 h-1 5x 1076 h-1
th2 278 h 16 h
tha 557 h 30h

a  Testing conditions: T =600 °C, o, = 160 MPa.

b This value is the unweighted mean of the means of the results from 9 laboratories each of which
made 5 separate determinations of the certified property.

¢ The uncertainty is taken as half the 95 % confidence interval of the mean specified in b.

The Nimonic 75 CRM BCR425 is available from European Commission, Joint Research Centre (JRC),
Directorate F - Health, Consumers and Reference Materials, Retieseweg 111, 2440 Geel, Belgium

D.4.2 Using the Nimonic 75 CRM BCR425 for assessing uncertainty

For the Nimonic 75 CRM BCR425, a test undertaken in accordance with this document at 600 °C has
a permissible temperature tolerance of £3 °C, and allowing for the tolerance on the measurement of
stress (+1 %), the expected total uncertainty is ~ 20,2 % calculated in accordance with the GUM (see
D.3.2). If the tolerance due to testing is added to the uncertainty of the certified value using a root sum
square approach, then it is possible to calculate the total error band within which data from a single
test may be expected to lie, as shown in Table D.3.

Table D.3 — Acceptable data range for creep testing using the Nimonic 75 CRM BCR425

i Total uncertaint
Certified| Uncertainty 95 % Testing ~21 % y
Parameter value confidence level tolerance? >
(20,2 %) Value Range

Creep rate at 400 h 72 5 +14,5 +15,3 56,7 to 87,3
(10-¢h-1)
ty (h) 278 16 +56,2 +58,4 219,6 to 336,4
t,4 (h) 557 30 +112,5 +116,4 440,6 to 673,4
a  Assuming AT =+3°C, Ao =1 %, stress index n = 6 and creep activation energy Q = 345 k] mol-1.

D.5 Uncertainties in creep testing of single crystal nickel-base superalloy at
1100 °C

There is a need for an operation of advanced gas turbines at an ultra-high temperature. The creep
properties of materials used in the gas turbines need to be evaluated and verified at high temperatures.
This means it is important to establish a creep testing method for application at temperatures above
1000 °C.

In order to establish a testing method for creep rupture properties of superalloys at temperatures above
1000 °C, a Round Robin test (RRT) was carried out under the programme set up by the Standardization
Committee on High Temperature Creep and Creep Rupture Testing at the New Materials Center (NMC).
Nine groups of research institutes and companies participated in the programme. The samples tested
were of Ni-base single-crystal superalloy (designated name: TMS-82+; see Table D.4), developed in the

34 © IS0 2023 - All rights reserved





ISO 204:2023(E)

High Temperature Materials 21 Project at NIMS. Three repeat creep rupture tests of TMS-82+ were
carried out at five laboratories under test conditions of 137 MPa and 1 100 °C (see Table D.5). The
previously reported rupture time under these test conditions is 340 h. The evaluation of uncertainties
in the determination of the results of creep test at 1 100 °C was carried out according to the GUM.
Guidelines for characterizing the creep and creep rupture properties of single crystal superalloy at
temperatures above 1 000 °C were derived from the RRT reported elsewhere (see References [54], [55]
and [56]).

Table D.4 — Chemical composition of tested alloy (mass %)

Material Co Cr Mo w Al Ti Ta Hf Re Ni
TMS-82+ 78 | 49 | 19 | 87 | 53| 05|60 | 01| 24 Balance

Solution treatment 1 300 °C, 1 h —»1 320 °C, 5 h Ar Gas Fan Cool
Two-step aging treatment 1 100 °C, 4 h Ar GFC 870 °C, 20 h Ar Gas Fan Cool

Table D.5 — Summary of the creep rupture tests reported by five laboratories TMS-82+,
137 MPa and 1 100 °C

Properties Data range Average Total uncertainty
Time to rupture (h) 238,6 to 460,8 333,9 +59
Elongation (%) 6,3t0 13,4 10,3 +5,2
Reduction of area (%) 24,7 to 38,9 33,7 +8,2

To obtain the usual 95 % confidence level, a coverage factor of 2 should be applied to the standard
uncertainties.
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Annex E
(informative)

Representation of results and extrapolation

E.1 General

This annex summarizes important information which should help the user to choose a suitable test type
for their needs (i.e. uninterrupted, interrupted or combined) and apply the established methodology
developed within the European Creep Collaborative Committeel37],

E.2 Symbols for strength values and their calculation

E.2.1 Strain

In most cases, the anelastic strain, e, is negligible and there is no difference between the plastic strain,

ep and the permanent strain, €per

E.2.2 Creep rupture strength

The creep rupture strength at a specified test temperature, T, is the applied stress, R,, which leads to
rupture after a certain test duration (creep rupture time, t,) under constant tension force.

For the creep rupture strength, the symbol R, is used, followed by the second index for the creep
rupture time, ¢, in hours, and by the third index for the test temperature, T, in degrees Celsius (°C).

EXAMPLE For the short symbol of the creep rupture strength determined at a creep rupture time of
t, =100 000 h and a test temperature of T = 550 °C (100 000 h-creep-rupture strength at 550 °C):

R\/100 000/550

E.2.3 Stress-to-specific-plastic-strain

The stress-to-specific-plastic-strain is the applied stress, R, at a specified test temperature, T, which
leads to a predetermined plastic strain, x, after a certain test duration (time-to-specific-plastic-strain,
t,) under constant force.

For the stress-to-specific-plastic-strain, the symbol R, is used, followed by the second index for the
maximum value of the plastic strain, x, in percent, by the third index for the time-to-strain value and by
the fourth index for the test temperature.

EXAMPLE For the short symbol of the stress-to-specific-plastic-strain, with a maximum value of plastic
strain of 0,2 %, a time-to-strain value of 1 000 h and a test temperature of T = 650 °C:

Ry0,2/1 0007650

E.3 Creep testing in single test piece machines and/or multiple test piece
machines

Creep tests on smooth (unnotched) test pieces may be performed in uninterrupted modelZl, typically

in a single creep test piece machine with continuous extension measurement, or in interrupted modelZ]
typically in multiple creep test piece machine.
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In the interrupted mode for elongation measurement, the test piece is removed from the testing
machine and cooled down. Subsequently, the test piece is re-mounted, heated and loaded again.

Alternatively, creep tests may be performed in a multiple test piece machine with continuous extension
measurement for each test piece.

To obtain sufficient information about primary creep, test pieces may be tested in a single test piece
machine with continuous extension measurement and high resolution up to a certain strain and then be
relocated into a multiple test piece machine to test up to rupture in interrupted mode.

Primary creep information is necessary due to the fact that local stresses in notches cause stress
redistribution due to plastic deformation. At high temperature superimposed creep deformation
contribute to stress redistribution. To recalculate stress redistribution in components, creep equations
are recommended which consider the primary and secondary creep regime.

The experimental results of creep tests in uninterrupted mode are typically displayed in a logarithmic
percentage plastic extension-time curve (Figure E.1 a)) and/or a logarithmic percentage creep
extension-time curve (Figure E.1 b)).

Experimental results of creep tests in interrupted mode are typically displayed in a logarithmic
percentage permanent elongation-time curve (Figure E.1 c)).

The experimental results of combined testing techniques are displayed according to Figure E.1 d).

The percentage plastic extension at creep rupture time, e,,, may be determined from the continuous
measurement at uninterrupted creep tests of the increase of length at creep rupture time, t,. A
corresponding value, eg,, may be determined from percentage creep extension at creep rupture time.

NOTE The test piece will not be moved from a single creep test piece machine to a multiple creep test piece
machine until it has been assessed that primary creep has been completed.
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Figure E.1 — Representation of generated creep curves

The experimental results of an individual material for one test temperature can be displayed and

evaluated in a number of curves (see Figures E.2 and E.3). In these curves, extrapolated curves
should be dashed while extrapolated points should be in parentheses. In E.5, some remarks about the

extrapolation of data are given.
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2 creep rupture curve o~ test running
3 stress-to-specific-plastic-strain curve a-AG test stopped without rupture
o smooth test pieces (rupture) o test running
a notched test pieces (rupture) _ extrapolated

Points in () are based on extrapolated data

Horizontal axis: ¢ (hours)

Vertical axis: e, A (percent); R, (megapascal); 4,, Z,, (percent)

3 Initial stress in MPa.

b Data from tensile test at elevated temperature.

¢ AG from the German “ausgebaut” — test stopped without rupture.

Figure E.2 — Example for the representation of test results for constant test temperature and
constant tensile force

E.4.2 Logarithmic creep curve

In order to display creep curves, the percentage plastic extension, e, or the percentage permanent
elongation, A may be plotted versus time, t, in a curve with both axes in logarithmic scales

er’
[see Figure E.% a)].

The creep curve can either be displayed smooth or as a series of lines connecting the measured data.

The time to specific plastic strain, toy Can be taken from such a curve.

E.4.3 Creep rupture curve

To determine the creep strain curve, the times to strain corresponding to given strain values, e.g. t. 0,22
are plotted in dependence of initial stress, R, in logarithmic scales [see Figure E.2 b)]. The curve should
be smooth. From this curve, the stress-to-strain, R,,, /7, is taken.

To determine the creep rupture curve, the rupture time, ¢, is plotted in dependence of initial stress, R,
in the same plot and smoothened.

From this curve, the stress-to-rupture, R, 5, is taken.

The rupture strength and the stresses-to-strain from hot tensile tests can be depicted in this plot at a
certain time, e.g. t = 0,1 h. In this case, it has to be properly denoted in the figure.

Furthermore, the rupture times depending on the initial stress, R, of notched test pieces can be plotted
as an aid on this plot. Additional judgments of the material behaviour can be realized in this way.

E.4.4 Creep rupture elongation curve

In this curve (see Figure E.2 c)), the values of percentage elongation after fracture, A, and percentage
reduction of area after creep fracture, Z, are plotted versus the logarithm of creep rupture time, t,.

Percentage elongation after fracture and percentage reduction of area after fracture from hot tensile
tests can be plotted as an aid at a certain time, e.g. t = 0,1 h. In this case, it has to be properly denoted in
the figure.

E.4.5 Creep curve with linear scales

In order to display creep curves, the percentage plastic extension, e,, is plotted versus time, t, with both
axes having linear scales see Figure E.3 a); in the case of percentage permanent elongation, 4., see
Figure E.3 b). The creep curve can either be displayed smoothened or as a series of lines connecting the
measured data.
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From the slope of this curve, the creep rate, de,/At (Figure E.3 a)), depending on time increment At,
can be determined as well as the overall minimum creep rate, de /At ;.. In the case of percentage
permanent elongation, A, creep rate is determined as 4A,,,/At (Figure E.3 b)). The transition times,
ty/; and t,,3, which mark the transition from the primary to secondary creep stage (t;,) and from
secondary to tertiary creep (t,3), can be taken from this curve. Not all linear creep curves display
distinguished stages of creep 1, 2 and 3.

ep d

€p2/3

ep1/2

a) Linear extension — time curve

Aper
d
A, ¢
O
o
o
o
(o)
Aper 2/3 lo} O
o©
(o)
A O
per1/2 oo
t
t1/2 t2/3 tu
a b c

b) Linear elongation — time curve
a  Primary creep stage.
b Secondary creep stage.
¢ Tertiary creep stage.

d  Fracture.

Figure E.3 — Linear creep curve (schematic)
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E.5 Extrapolation

E.5.1 General

During the evaluation of creep data, it is often necessary to determine values of creep fracture strength
or stress-to-strain which exceed the longest experimental time by a factor g, = t;./t;; see Figure E.4 a).
This factor g, is known as the extrapolation-time-ratio and should not be greater than 3.

It is recommended to always denote the extrapolation-time-ratio, q,, and to indicate if the extrapolated
creep strength falls below the minimum initial stress level, R for the same material. In this case,
extrapolation uncertainties are usually large.

omin’

Changes in the microstructure or creep rupture deformation values depending on time and/or test
temperature should be taken into consideration during extrapolation. The extrapolation procedure
should be denoted.

E.5.2 Extrapolation and creep rupture curve

Often the extrapolation is carried out as graphical prolongation of the creep rupture curve and/or the
creep stress curve(s). The transient of adjacent curves at the same test temperature (see Figure E.4 b))
or comparable curves at different, preferably higher test temperatures (see Figure E.4 c)) can be used
as hints for the extrapolation. The same can be achieved from the prolongation of creep strain curves.
More advice is available from ECCCI28],

If graphical extrapolation has been carried out with the help of adjacent curves, their smaller
extrapolation-time-ratio, q,, can be denoted (see Figure E.4 b) or Figure E.4 c)).

E.5.3 Extrapolation by means of time-temperature-parameters

Often the logarithm of stress, R, is plotted versus a time-temperature-parameter which is derived from
the test temperature and the creep rupture time or time-to-strain. The data points are fitted by a so-
called “master curve”.

[t is recommended to use optimized time-temperature-parameters whose dependence on time and test
temperature is fitted to test results. Furthermore, tests with longer durations should be given greater
weight in the curve fitting process. It should be mentioned that small scatter of data does not guarantee
the accuracy of an extrapolation.

For given values of creep rupture strength or stress-to-specific-plastic strain, which have been taken
from the master curve respectively, extrapolations can be carried out for given test temperatures.
In order to improve the quality of extrapolation, the extrapolated values should be plotted in the
creep strain (rupture) curve and compared to the measured values. Further advice for evaluation,
extrapolation and post assessment tests can be found in References [57] and [58].

E.5.4 Other Extrapolation Methods

Other new advanced assessments methods are based on parametric or algebraic master curves. See
ECCC [581[59][60],

E.6 Testreport, recommended additional information

In the test report, it is recommended to include the following additional information to fulfil the
recommended ECCC acceptability criteria for generation of creep datal5Zl:

— information regarding the material of the sample;
— material and material number;

— manufacturer;
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— cast number, cast weight;

— steel making process, production processlell;

— Dblock weight, piece weight;

— characteristic measurements, form of semi-manufacture;
— location of the sample in the block/piece;

— chemical composition, heat treatment;

— results of tensile test(s) at room temperature;

— impact test data (Charpy, Izod, etc.);

— results of tensile test(s) at elevated temperature(s);
— hardness;

— microstructure;

— when appropriate: extrapolation procedure and extrapolation-time-ratio.
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Ge =tye/ty

e = tse/ts
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c) Creep rupture curves, T; < T, << T;
Key
1 creep rupture curve
2 stress-to-specific-plastic-strain curve
e extrapolated.

Figure E.4 — Example extrapolation cases of the creep strain (rupture) curve
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Annex F

F.1 Creep
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Figure F.1 Creep diagram
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F. 4 Creep Rate (¢€) is defined as rate of changes of strain with time that is, Ae / At'as shown on

LIMITING STRESS

STRES§ ————=

107 /HOUR

MINIMUM CREEP RATE ——»

Figure F.2 Stress vs. creep rate diagram
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Clause/Sub clause

Figure 1

3.30
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National Annex G
(National Foreword)

Modifications

Rplace Figure 1

€4

€

Figure 1 — Schematic stress — extension curve

Add 'More definitions related to creep are given in Annex F.'

47





48

ISO 204:2023(E)

Bibliography

LoveEDpAY M.S,, Creep testing standards and the influence of Bending. Materials at High
Temperatures. 2008 December, 25 (4) pp. 277-286

LovepAay M.S., DysoN B.F., Constant Stress Creep Testing: When is it Necessary? Proc. 4th Int.
Conf. on Creep and Fracture of Engineering Materials and Structures. Ed. B Wilshire and R W
Evans, 1990, pp. 941-950

LovEDAY M.S., GIBBONS T.B. Measurement of Creep Strain: a) The Influence of Order-Disorder
Transformations in Ni-Cr-base Alloys and b) A Code of Practice for the Use of Ni-base Alloy
Extensometers. Materials at High Temperatures. 2007, 24 (2) pp. 113-118

FERRERO C. ANOVA Statistical Procedure to Verify Transducers Metrological Characteristic Long
Term Stability, IMGC Technical Report, Torino, Italy, 2005

FERRERO C., The interlaboratory comparison to recognize the equivalence in accreditation. In:
Advances in Experimental Mechanics. McGraw-Hill, 2004, pp. 572.

IEC 60584-1:2013, Thermocouples — Part 1: EMF specifications and tolerances

EUROPEAN CREEP COLLABORATIVE COMMITTEE Data Validation Assessment Procedures, Edition 2,
ECCC-WG1 Recommendation Volume 3 (Issue 3), Acceptability Criteria for Creep, Creep Rupture,
Stress Rupture and Stress Relaxation Data, Pub. ERA Technology Ltd, Leatherhead, Surrey,
England, 1996

Desvaux M.P.E., The practical realisation of temperature measurement standards in high
temperature mechanical testing. In: Measurement of high temperature mechanical properties of
materials, (LovepAY M.S.,, DAy M.F., DysoN B.F., eds.). HMSO London, 1982

BROOKES C., CHANDLER T.R.D., CHU B, Nicrosil-nisil: a new high stability thermocouple for the
industrial user. Measurement and Control. 1985, 18 pp. 245-248

RusBY R.L., CARTER D.F., BEswick A., An evaluation of sheathed Nicrosil/Nisil thermocouples
up to 1 300 °C. Materials at High Temperatures. 1992, 10 (3) pp. 193-300

CoGGIOLA G., CROVINI L., MANGANO A., Behaviour of KP, KN, Nicrosil and Nisil
thermoelectric wires between 0 °C and 750 °C. High Temp. High Press. 1988, 20 pp. 419-432

LOVEDAY M.S., A short note concerning the ‘drift’ of thermocouples during creep testing. The
FESI Bulletin, Vol. 7 No. 1, Spring 2013, pp. 26-30, https://www.fesi.org.uk/fesipublishing/

bulletin/

ASTM E633, Standard Guide for Use of Thermocouples in Creep and Stress-Rupture Testing to
1 800 °F (1 000 °C) in Air

ISO 286-2, Geometrical product specifications (GPS) — ISO code system for tolerances on linear
sizes — Part 2: Tables of standard tolerance classes and limit deviations for holes and shafts

GRANACHER ]., OEHL M., PREUSSLER T., Comparison of interrupted and uninterrupted creep
rupture tests. Steel Res. 1992, 63 pp. 39-45

GRANACHER J., ScHoLzZ ]., Uber die langzeitige Temperaturgenauigkeit von Zeitstandpriifanlagen.
Materialprif. 1973, 15 pp. 116-123

DEsvaux M.P.E., The practical realization of temperature measurement standards in high
temperature mechanical testing. Chapter 7, 1982, pp. 91- 112. Measurement of high temperature
mechanical properties of materials. Ed: M S Loveday, M F Day & B F Dyson. HMSO, London. ISBN
0114800499

© IS0 2023 - All rights reserved



https://www.fesi.org.uk/fesipublishing/bulletin/

https://www.fesi.org.uk/fesipublishing/bulletin/



ISO 204:2023(E)

[18] HacoN ]., MURRAY ].D., Developments in equipment and techniques for creep-rupture testing.
Metallurgia, May 1968, pp. 221-227

[19] ItoH H. EGASHIRA M., MivyAzakl H., MoNMA Y., Yokol S., Drift of PR Thermocouples in Long-
term Creep Testing. Tetsu To Hagane. 1986, 72 pp. 1944-1951

[20] Mivazakl H., KiMURA K., Degradation of Type PR and R Thermocouples during Long Term
Creep Test. pp. 314-325, Proc ECCC Creep Conference, London Sept 2005, in Creep & Fracture
in High Temperature Components: Design & Life Assessment Issue edited by I. A. Shibli, S. R.
Holdsworth, G. Merckling Pub: DEStech Publications, Lancaster, Pennsylvania, USA. ISBN 1
932078-49-5

[21] MonMA Y, IToH H. EGAsHIRA M. BAaBA E. Mivazaki H. TANAKA C., Origin of Drift in PR
Thermocouples after Long-term Creep Testing. Tetsu To Hagane. 1989, 75 pp. 665-672

[22] Yokor S, IToH H., MURATA T., EGASHIRA M., MivAazAKI H., Calibration drift of Pt13 thermocouples
during long time creep testing. Trans ISI]. 1980, 20 (6) p. 243

[23] GRANACHER ]., IfW, TH Darmstadt, Report on Creep, Creep Rupture and Stress Rupture Testing
Standards and Practices, Appendix 1 to Vol. 3, prepared for ECCC-WG 1, 5524/WG1/105 [Issue 1]
23.08.1994

[24] GRANACHER ]., IfW, TH Darmstadt, Temperature measurement and thermocouple calibration
system for type S thermocouples for creep rupture testing in the high temperature test division
of IfW and new proposal for footnote 7 of Vol. 3, 01.04.1996

[25] ScHoLz A., SCHEIN M., MUELLER F, Drift Measurement Results — Comparison of available data.
IfW, Technische Universitaet Darmstadt, 2016

[26] PETERSEN C,, Forsch.-. Ing. Wes. 1951, 17 (1) pp. 16-20

[27] Kroos K.H. DieHL H., Einfluss der Kerbgeometrie auf das Zeitstandverhalten des Stahls
21CrMoV5 7 in unterschiedlichen Warmebehandlungszustdanden, Arch. Eisenhiittenwes. 50,
1979, Nr. 6, pp. 255-260

[28] FiLippINI M., Stress gradient calculations at notches. Int. J. Fatigue. 2000, 22 pp. 397-409

[29] ScHoLZ A., SCHWIENHEER M., MORRIS P.F. European Notched Test Piece for Creep Rupture Testing.
Proc. of Tagung Werkstoffpruefung 2003, Bad Neuenahr, 2003, pp. 308-314

[30] BRIDGMAN P.W, Studies in large plastic flow and fracture. McGraw Hill, New York, 1952

[31] WEBSTER G.A,, ApLIN P.F, CANE B.J, DysoN B.F., LoveDAYy M.S., A Code of Practice for Notched
Bar Creep Rupture Testing: Procedures and Interpretation of Data for Design — Chapter 15,
pp. 295-330. In: Harmonisation of Testing Practice for High Temperature Material (Eds. Loveday,
M.S. and Gibbons. T.B.), Elsevier Applied Science, 1992

[32] WEBSTER G.A., HOLDSWORTH S.R., LOVEDAY M.S., PERRIN L], PURPER H., A Code of Practice for
Conducting Notched Bar Creep Rupture Tests and for Interpretation of the Data. ESIS P10-02,
ISBN 1616-2129, 2001

[33] AL-ABED B, TIMMINS R., WEBSTER G.A., LOVEDAY M.S,, Validation of a Code of Practice for
Notched Bar Creep Rupture Testing: Procedures and Interpretation of Data for Design. Materials
at High Temperatures. 1999, 16 (3) pp. 143-158

[34] WEBSTER G.A. HOLDSWORTH S.R., LOVEDAY M.S., NIKBIN K., PERRIN L], PURPER H.etal, A
Code of Practice for Conducting Notched Bar Creep Tests and for Interpreting the Data. Fatigue
& Fracture of Engineering Materials & Structures. 2004, 27 (4) pp. 319-342

[35] LoveEpAy M.S., Considerations on the Measurement of Creep Strain in Bridgman Notches.
Materials at High Temperatures. 2004, 21 (3) pp. 169-174

© 1SO 2023 - All rights reserved 49





ISO 204:2023(E)

[51]

[52]

KERR D.C., NIKBIN K.M., WEBSTER G.A., WALTERS D.]J., Creep Strain Determination Across
the Root of a Notch. In: ‘Local Strain and Temperature Measurements in Non-Uniform Fields
at Elevated Temperatures. (Eds. ]. Ziebs, |. Bressers, H. Frenz, D.R. Hayhurst, H. Klinglelhoffer
and S. Forrest), pp. 263-273, Proc Symp. held in Berlin, 14-15 March 1996. Pub: Woodhead,
Cambridge, UK, 1996

LOVEDAY M.S., RODGER G., Calibration and Traceability of Notch Creep Strain Measurements.
Materials at High Temperatures. 2004, 21 (3) pp- 161-167

The Certification of Nimonic 75 alloy as Creep Reference Material CRM 425. D Gould & M S
Loveday, 1990, EUR 13076. Commision of the European Community. https://crm.jrc.ec.europa
.eu/p/40455/By-material-matrix/BCR-425-NIMONIC-75-FOR-CREEP-TESTING/BCR-425

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories
[SO 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty
in measurement (GUM:1995)

TAayLOR B.N., KUYATT C.E., Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results. NIST Technical Note 1297, 1993

M 3003, The Expression of Uncertainty and Confidence in Measurement for Calibrations. Pub. UKAS,
Third Edition, 2012

BMTA, Estimating Uncertainties in Testing. Pub. British Measurement and Testing Association,
PO Box 101, Middlesex, TW11 ONQ, 1994

BELL S., A Beginner's Guide to Uncertainty of Measurement. Measurement Good Practice Guide
No. 11, issue 2, ISSN 1386-6550, Pub: National Physical Laboratory, Teddington, TW11 OLW.
March 2001, https://www.npl.co.uk/resources/gpgs/all-gpgs

BircH K., Estimating Uncertainties in Testing. Measurement Good Practice Guide No. 36, Pub:
British Measurement and Testing Association/National Physical Laboratory, Teddington,
TW11 OLW, UK. ISSN 1368-6550, March 2001

LOVEDAY M.S., Room Temperature Tensile Testing: A Method for Estimating Uncertainty of
Measurement. CMMT (MN) 048. National Physical Laboratory, UK, 1999

LOVEDAY M.S., Creep Testing: Reference Materials and Uncertainty of Measurement. In: The
Donald McLean Symposium “Structural Materials: Engineering Applications Through Scientific
Insight”. (Eds. Hondros, E.D. and McLean, M.), Pub. Inst. of Materials, London, 1996, pp. 277-293

KANDIL F.A. LorD ].D., BULLOUGH C.K., GEORGSSON P., LEGENDRE L., MONEY G. et al.,, The
UNCERT Manual of Codes of Practice for the Determination of Uncertainties in Mechanical Tests
on Metallic Materials, CD-ROM, available from NPL, ISBN 0-0946754-41-1, 2000

CWA 15261-3:2005%, Measurement uncertainties in mechanical tests on metallic materials — The
evaluation of uncertainties in creep testing

Acceptability Criteria for Creep, Creep Rupture, Stress Rupture and Stress Relaxation Data, (Eds.
Granacher J., Holdsworth S.R.), European Collaboration Creep Committee — Working Group 1,
Volume 3, Pub. ERA Technology, 1994

4) Under preparation. Stage at time of publication ISO/AWI TR 15264.

50

© IS0 2023 - All rights reserved



https://crm.jrc.ec.europa.eu/p/40455/By-material-matrix/BCR-425-NIMONIC-75-FOR-CREEP-TESTING/BCR-425

https://crm.jrc.ec.europa.eu/p/40455/By-material-matrix/BCR-425-NIMONIC-75-FOR-CREEP-TESTING/BCR-425

https://www.npl.co.uk/resources/gpgs/all-gpgs



ISO 204:2023(E)

[53]

[54]

[55]

GouLp D. Lovepay M.S., A Reference Material for Creep Testing, Chapter 6, Harmonisation
of Testing Practice for High Temperature Materials, (Eds. Loveday, M.S. and Gibbons, T.B.),
Chapman and Hall, London (formerly published by Elsevier Applied Science), 1992, pp. 85-109

Hino T., KoBAyasHI T., KoizuMi Y. HARADA H., YAMAGATA T. In: Development of a New Single
Crystal Superalloy for Industrial Gas Turbines, Superalloys 2000. (PoLLock T.M. et al., eds.).
TMS, 2000, pp. 729-36.

Yamazakl M., YAGl K., TANAKA R., Creep rupture properties of single crystal nickel-base
superalloy at 1 100 °C, A report on a Round Robin test in Japan, Uncert 2003 Conference Oxford,
2003, pp. 1-4

YamMAazAKl M, Yaal K., TANAKA R, Uncertainties in creep testing of single crystal nickel-base
superalloy at 1 100 °C, Uncert-AM conference Session I1I. MPA Stuttgart, 2003

SPINDLER M.W,, ed. European Creep Collaborative Committee, ECCC Recommendations, Volume
1, Issue 7, Creep Data Validation and Assessment Procedures Overview, ECCC-Document, 5/5/14,
2014, https://www.eccc-creep.com/eccc-recommendations-volumes

SPINDLER M.W.,, ed. European Creep Collaborative Committee, ECCC Recommendations,
Volume 5, Part 1a. Issue 6, Generic Recommendations and Guidance for the assessment of full
size creep rupture data sets, ECCC-Document 7/5/14, 2014 https://www.eccc-creep.com/eccc
-recommendations-volumes

WILSHIRE B., SCHARNING P.J., HURST R., A new approach to creep data assessment. Mater. Sci.
Eng. A. 2009, 510-511 pp. 3-6

LINN S., ScHOLZ A., MICHELFEIT S., SCHWIENHEER M., OECHSNER M., KLENK A., Evaluation
of Extrapolation Methods for Creep and Creep Rupture Data, ECCC Creep & Fracture 2014, 3rd
International ECCC Conf., 5-7 May, 2014, Rome, Italy, Proceedings CD-ROM, contribution No 4

[SO/TS 4949, Steel names based on letter symbols

51

© IS0 2023 - All rights reserved



https://www.eccc-creep.com/eccc-recommendations-volumes

https://www.eccc-creep.com/eccc-recommendations-volumes

https://www.eccc-creep.com/eccc-recommendations-volumes








ISO 204:2023(E)

ICS 77.040.10
Price based on 48 pages

© ISO 2023 - All rights reserved





		Foreword 

		Introduction 

		1 Scope 

		2 Normative references 

		3 Terms and definitions 

		4 Symbols and designations 

		5 Principle 

		6 Apparatus 

		6.1 Testing machine 

		6.2 Extension and elongation measuring devices 

		6.2.1 Extension measuring device 

		6.2.2 Elongation measuring device 



		6.3 Heating device, temperature measuring equipment and calibration 

		6.3.1 Permissible temperature deviations 

		6.3.2 Temperature measurement 

		6.3.3 Thermocouples 

		6.3.4 Calibration of the thermocouples 





		7 Test pieces 

		7.1 Shape and dimensions 

		7.1.1 Shape and dimension of smooth test pieces 

		7.1.2 Shape and dimension of notched test pieces 



		7.2 Preparation 

		7.3 Determination of the original cross-sectional area 

		7.4 Marking of the original gauge length, Lo 

		7.5 Determination of the reference length, Lr 



		8 Test procedure 

		8.1 Heating of the test piece 

		8.2 Application of the test force 

		8.3 Test interruptions 

		8.3.1 Planned interruptions of the test 

		8.3.2 Multiple test piece machine with several test pieces in line 

		8.3.3 Combined test 

		8.3.4 Accidental interruption of the test 



		8.4 Recording of temperature and elongation or extension 

		8.4.1 Temperature 

		8.4.2 Elongation and extension 

		8.4.3 Elongation-time curve or extension-time curve 





		9 Determination of results 

		10 Test validity 

		11 Accuracy of the results 

		11.1 Expression of the results 

		11.2 Final uncertainty 



		12 Test report 

		Annex A (informative)  Information concerning drift of thermocouples 

		Annex B (informative)  Information concerning methods of calibration of thermocouples 

		Annex C (normative)  Creep testing using test pieces with V or blunt circumferential notches 

		Annex D (informative)  Method of estimating the uncertainty of the measurement in accordance with the Guide to the expression of uncertainty in measurement (GUM) 

		Annex E (informative)  Representation of results and extrapolation 

		Annex F Definitions related to creep

		Bibliography 

		Blank Page








image5.emf
Proposal on  miniature specimen testing


Proposal on miniature specimen testing
30/08/2022, 16:52

Proposal Details

Part-1

Organization Type: R&D/Scientific/Academia

1. Name of Proposer

2. EmailID

3. Phone

4. Address

Part -2

5. Proposed title of Standard

6. Aspect

7. Define subject of standard

8. Most Relevant Technical Department

Part-3

9. Scope of proposed standard

10. Purpose and Justification

11. Likely users of standards and their inputs

Prof Raghu Prakash

raghuprakash@iitm.ac.in

9444912865

Department of Mechanical Engineering, Indian Institute of Technology Madras, Chennai
600036

Test methods for Mechanical property evaluation using miniature specimens at ambient
and high temperature conditions under static and cyclic loading

Methods of tests

Development of mechanical property evaluation test procedures for miniature (sub-size)
specimens to generate accurate and reproducible mechanical property data that can be
correlated to data generated from full size samples traceable to ASTM BIS standards.

MTD (Metallurgical Engineering Department)

Development of mechanical property evaluation test procedures for miniature (sub-size)
specimens to generate accurate and reproducible mechanical property data that can be
correlated to data generated from full size samples traceable to ASTM BIS standards.
Extension of existing mechanical test standards such as ASTM E8M, E9, E21, E139,
E466,E606, E1820, E647 to enable the use of miniature (sub-size) specimens for
mechanical property evaluation.

Mechanical test standards mentioned above provide guidelines to evaluate mechanical
property of materials using standard sized specimens with dimensions typically in the
range of millimeters to centimeters. Recent advances in materials processing
technologies through novel processing methods such as Additive Manufacturing,
engineered materials with required architecture where the material availability for test
specimen extraction is very minimal, has increased the need for development of new test
standards to handle smaller size specimens to estimate the mechanical behavior. The
proposed standard covers sub-sized specimens with dimensions much smaller than the
standard specimens. Use of specimens for a-characterization of exotic materials during
alloy development, b-from 3D printed or additive manufactured components etc. where
material availability is less, c-that can be extracted from service-exposed power plants for
the purpose of remaining life assessment, and d- failure analysis

Aerospace, Nuclear energy, Automotive and Defense sectors, academic institutions,
National laboratories, test houses.

12. Any related standards/series of standard/system ASTM E8M, E9, E21, E139, E466, E606, E1820, E647
standard required to make this subject standard
complete
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13. When the final standard would be required

14. Any specific problem being faced without this
standard

15. Bearing with Govt legislation regulation, etc

16. Name and address of manufacturers/
implementing/ industries/ purchasing organization
/[component supplier/ raw material supplier, if any

17. Status of the industry in the country

18. Availability of test facilities in the country

19. Whether related to variety reduction, export,
health, safety consumer protection, mass
consumption, energy conservation, technology
transfer, technology upgradation, protection of
environment & other National priorities

20. Whether subject requires consideration to be given
to women/girlissues in line with Sustainable Goal 5 of
the UN. If so, whether the issues are proposed to be
addressed suitably in the proposed standard

21. Relevant supportive document (download docs)

Proposal Details

31-12-2022

During life extension, standard size test specimens are difficult to manufacture from
material scooped from existing components. Prior studies suggest that the mechanical
properties are dependent on the grain size and the number of grains that participate in
the mechanical properties test. Due to this, there is a disparity between test data
obtained from standard test specimens and miniature test specimens. One of the ways of
addressing this issue is to establish a correlation between standard specimen test data
and miniature specimen test data. Towards this, it is proposed to do a comparative
studies of the mechanical behaviors of Miniature specimens with standard specimens to
establish the correlation. Small specimen testing requires proper design of test
specimens, grips and fixtures as well as sensors to measure the sub-micron level
deformations that take place during small specimen testing. For high temperature
evaluations, there is a need for miniature heating systems, sensors.

Not applicable.

All academic institutions, Defense, Space, Aerospace and National laboratories.

At present, test facilities are available in many of the institutions such as ITW, GTRE,
BARC, IGCAR, IISc, DMRL, NML, IITs, NITs with moderate force rating. A few of the
Institutions have low force testing facilities but they need to be adopted with special grips
and fixtures, apart from low force and low displacement measuring instruments. Strain
field developed in the gauge section needs to be monitored using both conventional and
nonconventional extensometers, both contact and non-contact type, before one can
establish a test standard capable of delivering repeatable test data at small size scale. To
summarize, the effort is focused on adopting existing test facilities to develop new test
standards for miniature specimen testing.

At present, test facilities are available in many of the institutions such as ITW, GTRE,
BARC, IGCAR, 11Sc, DMRL, NML, IITs, NITs with moderate force rating. A few of the
Institutions have low force testing facilities but they need to be adopted with special grips
and fixtures, apart from low force and low displacement measuring instruments. Strain
field developed in the gauge section needs to be monitored using both conventional and
nonconventional extensometers, both contact and non-contact type, before one can
establish a test standard capable of delivering repeatable test data at small size scale. To
summarize, the effort is focused on adopting existing test facilities to develop new test
standards for miniature specimen testing.

Safety of operation of critical equipment such as power plants, and other equipments
used in aerospace, defense sectors. This proposal falls under Technology development
and upgradation. This test standard will allow testing smaller volumes of material, thus
reducing the energy content involved in material processing, testing. This is of prime
concern in the case of materials with environmental sensitiveness.

Not applicable.

ASTM E8M, E9, E21, E139, E466, E606, E1820, E647 and equivalent BIS standards for
tension, compression, fatigue and fracture properties estimation for metals.
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22. R& D work done in india

23. Any foreign collaboration (give details)

24, Liaison with any organisation(s)

25.A. Preparatory work

25.B. Preparatory work (Details)

26. Whether this project can be funded by your
organization

27. Whether your organisation would be interested to
opt for BIS Standard Mark once the standard is
published?

28. Any Other Attachment (extra)

Proposal Details

The research institutes in the Department of Atomic Energy (DAE) such as BARC, IGCAR
have developed both sub size tensile, impact and miniature test techniques such as small
punch and ball-indentation test methods for tensile, impact and toughness property
determination, mainly to cater to the needs of testing nuclear grade steels and neutron
irradiated materials. This includes development of customized test equipment, fixtures,
optimizing specimen preparation methods, standardizing the test procedures and
benchmarking with standard specimen tests, analysis using finite element methods etc.
Round robin test exercises for ball-indentation testing have also been carried out within
DAE institutes. Nearly decade and half research at IIT Madras, considers the use of non-
standard specimens to derive the fatigue properties through cyclic ball indentation
testing and cyclic small punch fatigue testing and the correlation of failure data with
standard Low cycle fatigue test data.

Not involved at this point of time.

IGCAR, BARC, GTRE, DMRL, lISc, ITW, IIT-Madras

Outline attached and draft can be prepared

The draft standard will be prepared based on the discussions with participating
Institutions and labs. This is work in progress.

This activity is proposed by a team of working professionals in the domain through a non-
profit Society - viz., the Indian Structural Integrity Society (InSIS), which is responsible for
the development of test standards (without organizational borders) for the benefit of the
users. Towards this, InSIS proposes that it would finalize the test specimen materials of
immediate interest to the user community, finalize test specimen geometries, associated
grips and fixtures which can be distributed to interested participants of the test standards
development. To finance this activity, InSIS will require funding from BIS.

Yes, InSIS will be the leader to develop and opt for the BIS standard mark upon
finalization of the test standard. | am representing Indian Structural Integrity Society
(InSIS) in my executive capacity as Senior Vice-President, in addition to my academic
affiliation from IIT Madras as a Senior Professor.

Will be furnished later.
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Minutes of the meeting (no 2) of the Working group on Tensile testing of

Miniaturized samples



A meeting of the working group was conducted on 16 Jan 2024 in online mode. The following members attended the meeting. Prof Raghu Prakash, Dr. V. Karthik, Shri Dushyant, Dr Jalaj Kumar, Prof Praveen Kumar, Dr Kundan Kumar, Dr Sivaprasad, Sri Ramesh (BiSS).

Dr. V. Karthik presented a brief background and genesis of this working group.  Prof Raghu Prakash summarized the discussions of the previous meeting held on 18 Dec 2023.  All members consented for active participation of working group in the ISO 6892 which is in the draft stage. 

The members discussed in detail the contents of the draft ISO 6892 document.

1. Specimen sizes and geometry: 

The members noted that the total length of subsize flat specimens ranged from 23 to 70 mm, with thickness specified as not exceeding the width b0. The typical width b0 for 23 mm length flat sample is 1.25 mm while that of 70 mm length flat specimen is 5 mm.  The subsize round specimens have total length in the range of 26 to 32 mm and gage diameter ranging from 2.0 to 3.0 mm. 



It was noted that the most of the subsize dimensions proposed in the ISO draft may not fulfill the requirement of testing scooped out samples of service exposed components. This is because scooped out samples would be of much smaller dimensions typically 10-15mm in total length to maintain the requirements of being minimally invasive.  



2. On gripping and alignment:

The pin loading arrangement for gripping flat specimen and threaded ends for round specimens specified in the draft were discussed. Members shared their experiences of alignment issues with pin loading type especially for low thickness of 0.3, 0.5 and 1.0 mm and opined that friction gripping would be more suitable for miniature tensile specimens. Friction based clamping systems are also mentioned in the draft, however additional procedures are advised to be adopted by the draft to avoid any axial compression of the sample.



Members suggested to examine if “ASTM E 1012- standard practice for verification of testing frame and alignment and ISO 23788” referred in the ISO draft adequately addresses the alignment issue. The threaded gripping mentioned for round specimen also needs to be examined.



3. Specimen preparation and tolerances 

The draft specifies that the miniaturized test pieces can be prepared by turning, milling or grinding, provided work hardening and warming is minimized during the production. In the case of flat pieces, draft specifies that the thickness shall not be machined. Members opined that EDM wire cut as the preferable method for miniature tensile specimen preparation considering the minimal work hardened layers in the miniature specimen. The members felt that the turning/milling during preparation of round specimens (say for 2.0 mm gage diameter) could introduce cold working that could affect the test results. 



On the tolerances, the draft specifies scaling from that specified in ISO 6892-1. For flat test pieces, the tolerance for width and thickness are ≤ 0.01 mm or 0.5 %, whichever is larger and for round specimens, the tolerance for gage diameter  ‘d’ is ≤ 0.015 mm or 0.7% whichever is larger.



4. Force and extension/strain measurements

The draft specifies force measuring system to be in accordance with ISO 7500-1 , class 1. The extensometers are specified to be in accordance with ISO 9513, class 0.5.  Members highlighted the difficulty in mounting/fixing extensometers on miniature specimens especially of lower thickness (0.3 to 1.0 mm) and indicated the possibility of using non-contact method such as video or laser extensometer or Digital image correlation (DIC) based methods.



5. Test data acquisition method:

The draft specifies that the testing parameters e.g.  preload, data sampling frequency shall be adapted from ISO 6892-1 to the special testing situation of miniaturized test pieces.  It was noted that the draft does not mention any specific requirements for data acquisition systems.



6. Data Analysis and comparison of % total elongations

Draft specifies that the evaluation of the test shall be in accordance with ISO 6892-1. A standard specimen with coefficient of proportionality k = L0 x(So)0.5 = 5.65 is generally suggested for comparison of % total elongation of different dimensions.  The miniature specimens chosen in this draft are based on Refs 13 & 14 of the draft ISO document.  The draft specifies ‘k’ factors for different forms of the miniaturised test pieces for two specimen thicknesses (0.29 mm and 1.0 mm).  An illustration is also provided in the draft based on Ref [16] for comparing the % elongation after fracture for different specimen dimensions.



Members indicated that the certain terms and illustrations were not clear and it was suggested that the refs [13], [14] and [16] made available by BIS to the members for further understanding of the methods and basis for comparisons of the % total elongation parameter.  It was further suggested that all references and related ISO/ASTM documents referred in the Sec 2 of the draft be made available to all members. Sri Dushyant was requested to do the needful in this regard.



7. Verification of test procedure and comparison with full size test results

To check the performance of the complete system of miniaturised specimen testing, the  draft specifies that slope of the elastic portion of the stress-strain curve shall agree with nominal values obtained during full size testing within ± 20% for five tests. 

The verification of the test procedure according to this draft shall require average of all properties to agree within 5 % of the full-size specimen tests.



8. Members also discussed on the role of microstructure and size effects in miniaturized specimen testing. The draft mentions that deviations of miniaturised specimen test results from full size specimen test results could occur, if the diameter or width and thickness of the test piece are less than 5 times the grain size. 



9. In light of the above discussions, members were requested to offer their comments on the draft ISO in the attached format/template. 

Brief discussions were held on whether a separate study on the use of further miniaturized specimens (total length less than 20mm) was required to be initiated for formulating Indian standard, for catering to testing scooped out miniature specimens.   In this connection, Sri Dushyant shared the document on “Guidelines for Research & Development Projects for Formulation and Review of Standards”.  He indicated that the upper limit for expenditure for a project is Rs 10 lakhs and the duration of the project is six months (maximum). Members were requested to examine this for further discussions in the next meeting.  

Panel was informed that the project ISO/TS 6892-5 is under purview of 'ISO/TS 164/SC1/WG4 Conventional quasi-static tensile test procedures' and Dr V. Karthik is registered as expert in WG4. Panel recommended that following members should also be part of WG4 and should be nominated for project ISO/ TS 6892-5:  Dr Raghu Prakash - IIT Madras, Dr Kundan Kumar – BARC, Dr Sivaprasad - NML

The meeting concluded with a request to (i) all members to share their specific comments in the ISO template for further action and (ii) Sri Dushyant to kindly arrange for ISO 7500-1, ISO 9513, ASTM E1012, and the references [13], [14] and [16] of the draft ISO document an (iii) Dr V. Karthik to share the other references listed in the draft ISO document.  
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		Template for comments and secretariat observations

		Date: 

		Document: ISO/







		1

		2

		3

		4

		5

		6

		7



		MB1


		Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)

		Paragraph/
List item/
Note/
(e.g. Note 2)

		Type of com-ment2

		Comment (justification for change)

		Proposed change

		Secretariat observations
on each comment submitted









		Template for comments and secretariat observations

		Date: 

		Document: ISO 6892-5:2023

		Project:







		MB/NC1

		Line number

(e.g. 17)

		Clause/ Subclause

(e.g. 3.1)

		Paragraph/ Figure/ Table/

(e.g. Table 1)

		Type of comment2

		Comments

		Proposed change

		Observations of the secretariat









		IN

		

		4.0

		

		    te

		We surmise that this draft is for room temperature testing. In case of elevated temperature testing using miniaturized specimen, complexities of interactions of specimen with test environment, specimen gripping and expansions will be different and needs to be addressed.   

		

		



		IN

		

		7.0

		

		    te 

		The draft shall include the (i) additional requirement for test equipment alignment for handling miniature specimens especially of thickness less than 0.5 mm and (ii) gripping requirement of threaded specimen to achieve required alignment. Does it require use of soft plug for ensuring alignment (as in ASTM E606) ?

For pin loaded geometry of lower thickness (Form A) edge clearance distance needs to be examined from viewpoint of stress concentration and plastic yielding. 

		

		



		IN

		

		7.3

		

		    te

		Whether the draft standard permit the use of non-contact extensometer?

		

		



		IN 

		

		8.2

		

		    te

		The recommendation for data acquisition and sampling frequency for testing of miniaturized specimens may be elaborated.

		

		



		IN

		

		10

		

		   te

		The requirement of miniature test results to agree within 5% of standard size specimens is stringent and may need a relook.  

		

		



		IN

		

		      12

		

		    te 

		Under Sec 12d of Test Report, it is suggested to include thickness/grain size or diameter/grain size. 

		

		

















1	MB = Member body (enter the ISO 3166 two-letter country code, e.g. CN for China)	** = ISO/CS editing unit

2	Type of comment:	ge = general	te = technical 	ed = editorial 

NB	Columns 1, 2, 4, 5 are compulsory.
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1	MB = Member body / NC = National Committee (enter the ISO 3166 two-letter country code, e.g. CN for China; comments from the ISO/CS editing unit are identified by **)

2	Type of comment:	ge = general	te = technical 	ed = editorial 
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ISO commenting template(6892-5)-Revised.docx
		Template for comments and secretariat observations

		Date: 

		Document: ISO/







		1

		2

		3

		4

		5

		6

		7



		MB1


		Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)

		Paragraph/
List item/
Note/
(e.g. Note 2)

		Type of com-ment2

		Comment (justification for change)

		Proposed change

		Secretariat observations
on each comment submitted









		Template for comments and secretariat observations

		Date: 

		Document: NWIP ISO/DTS 6892-5

		Project: Metallic materials — Tensile testing — Part 5: Part 5: Specification for testing miniaturised test pieces







		MB/NC1

		Line number

(e.g. 17)

		Clause/ Subclause

(e.g. 3.1)

		Paragraph/ Figure/ Table/

(e.g. Table 1)

		Type of comment2

		Comments

		Proposed change

		Observations of the secretariat









		BIS /IN

		

		4.0

		

		    te

		NOTE 2: If the aim of the test is testing at elevated or low temperature as specified before, additional information can be found in ISO 6892-2 [10] or ISO 6892-3 [11], respectively.

We surmise that this draft is for room temperature testing. In case of elevated temperature testing using miniaturized specimen, complexities of interactions of specimen with test environment, specimen gripping and expansions will be different and needs to be addressed.   

Since elevated and low temperature tests with miniature specimens have its own nuances, it is suggested to have a separate guidelines/ specifications for high/low temperature tests

		



		



		BIS/ IN

		

		10

		

		   te

		The requirement of miniature test results to agree within 5% of standard size specimens is stringent and may need a relook.  

		A maximum of 10% variation may be considered for YS and % elongation. 

‘Within 5 %’ variation should be fine for UTS. 

		



		BIS /IN

		

		      12

		

		    te 

		Under Sec 12d of Test Report, it is suggested to include thickness/grain size or diameter/grain size. 

		Grain size  may be reported 

		

















1	MB = Member body (enter the ISO 3166 two-letter country code, e.g. CN for China)	** = ISO/CS editing unit

2	Type of comment:	ge = general	te = technical 	ed = editorial 

NB	Columns 1, 2, 4, 5 are compulsory.
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1	MB = Member body / NC = National Committee (enter the ISO 3166 two-letter country code, e.g. CN for China; comments from the ISO/CS editing unit are identified by **)
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ISO commenting template(6892-5)-Revised (1).docx
		Template for comments and secretariat observations

		Date: 

		Document: ISO/







		1

		2

		3

		4

		5

		6

		7



		MB1


		Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)

		Paragraph/
List item/
Note/
(e.g. Note 2)

		Type of com-ment2

		Comment (justification for change)

		Proposed change

		Secretariat observations
on each comment submitted









		Template for comments and secretariat observations

		Date: 

		Document: NWIP ISO/DTS 6892-5

		Project: Metallic materials — Tensile testing — Part 5: Part 5: Specification for testing miniaturised test pieces







		MB/NC1

		Line number

(e.g. 17)

		Clause/ Subclause

(e.g. 3.1)

		Paragraph/ Figure/ Table/

(e.g. Table 1)

		Type of comment2

		Comments

		Proposed change

		Observations of the secretariat









		BIS /IN

		

		4.0

		

		    te

		NOTE 2: If the aim of the test is testing at elevated or low temperature as specified before, additional information can be found in ISO 6892-2 [10] or ISO 6892-3 [11], respectively.

We surmise that this draft is for room temperature testing. In case of elevated temperature testing using miniaturized specimen, complexities of interactions of specimen with test environment, specimen gripping and expansions will be different and needs to be addressed.   

Since elevated and low temperature tests with miniature specimens have its own nuances, it is suggested to have a separate guidelines/ specifications for high/low temperature tests

		

Remove Note-2 from the draft specification

		



		BIS/ IN

		

		10

		

		   te

		The requirement of miniature test results to agree within 5% of standard size specimens is stringent and may need a relook.  

		A maximum of 10% variation may be considered for YS and % elongation. 

‘Within 5 %’ variation should be fine for UTS. 

		



		BIS /IN

		

		      12

		

		    te 

		Under Sec 12d of Test Report, it is suggested to include thickness/grain size or diameter/grain size. 

		Grain size  may be reported 
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01 1S0O6892-1
Tensile test at room temperature

ISO/TC 164/SC 1/WG 4: Status report
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ISO 6892-1
Tensile test at room temperature

« Publication of 3 edition, ISO 6892-1:2019-08

« SR will start at 2024-10-15
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02 1SO 6892-2
Tensile test at elevated temperature

ISO/TC 164/SC 1/WG 4: Status report
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ISO 6892-2
Tensile test at elevated temperature

« Recommendation of ISO/TC 164/SC 1/WG 4 to ISO/TC 164/SC 1:

In its meetings on 2023-12-12 and 2024-01-25, WG 4 has discussed the comments reached during the
SR (ISO-TC 164-SC 1_N1145, resp. ISO-TC 164-SC 1-WG 4_N345)

WG 4 recommends to continue in the CD step.

Therefore, the convenor will revise the document based the discussed comments by the end of
February 2024 and submit it to ISO/TC 164/SC 1 secretary for CD enquiry in ISO/TC 164/SC 1.

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 5
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ISO 6892-2
Tensile test at elevated temperature

« CD consultation in ISO/TC 164/SC 1: 2024-03-09 to 2024-05-04

» Result of voting: ISO-TC 164-SC 1_N1178, resp. ISO-TC 164-SC 1-WG 4_N381)

« Question 1: "Do you have any comments related to the Committee Draft?”

* Yes: 3
* No: 14
e Abstain: 4

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16
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ISO 6892-2
Tensile test at elevated temperature

« Recommendation of WG 4 to SC 1:

« Onits 26" meeting ISO/TC 164/SC 1/WG 4 discussed the commends of the CD consultation and
recommends to prepare a revised document based on the discussed comments up to the end of 2024.
The revised document will be sent to ISO/TC 164/SC 1 secretary to start the DIS ballot.
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03 1S5S0 6892-3
Tensile test at low temperature

ISO/TC 164/SC 1/WG 4: Status report
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ISO 6892-3
Tensile test at low temperature

« Publication of 1t edition, ISO 6892-3:2015-04

« SR will start at 2025-07-15

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 9





04 1S0O 6892-4
Tensile test in liquid helium

ISO/TC 164/SC 1/WG 4: Status report

Johannes Aegerter e Speira GmbH e RDB e 2024-09-16
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ISO 6892-4
Tensile test in liquid helium

« Publication of 1st edition, ISO 6892-4:2015-10

« SR will start at 2026-01-15

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 1





05 ISO/TS 6892-5
Specification for testing miniaturised
test pieces

ISO/TC 164/SC 1/WG 4: Status report
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ISO/TS 6892-5
Specification for testing miniaturised test pieces

Meeting of ISO/TC 164/ SC 1/WG 4 on 2023-12-12:

« Recommendation of ISO/TC 164/ SC 1/WG 4 to ISO/TC 164/SC 1:

In its meeting on 2023-12-12, WG 4 has discussed the status.
According to the
» discussion in WG 4 in its previous meeting,

* its recommendation
» and to the decision taken in SC 1T committee in its previous meeting (2023-09-28)

WG 4 recommends to start the DTS ballot in SC 1.
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ISO/TS 6892-5
Specification for testing miniaturised test pieces

« DTS ballot in ISO/TC 164/SC 1: 2024-05-08 to 2024-07-31

« Comments from:
* China, France and India

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 14
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ISO/TS 6892-5
Specification for testing miniaturised test pieces

« Recommendation of WG 4 to SC 1:

« Onits 26" meeting ISO/TC 164/SC 1/WG 4 discussed the commends of the DTS ballot and
recommends to prepare a revised document based on the discussed comments up to the end of 2024.
The revised document will be sent to ISO/TC 164/SC 1 secretary to start the 2" DTS ballot.
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06 ISO/TR 15263
The evaluation of uncertainties in
tensile testing

ISO/TC 164/SC 1/WG 4: Status report
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ISO/TR 15263
The evaluation of uncertainties in tensile
testing

« Publication of 1st edition, ISO/TR 15263:2024-01-31

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 17





07 NWIP: Tensile test on foils and strips of
metals with a nominal thickness less
than 0,200 mm by using computer
controlled testing machines

ISO/TC 164/SC 1/WG 4: Status report

Johannes Aegerter e Speira GmbH e RDB e 2024-09-16
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NWIP: Tensile test on foils and strips of metals with a nomi
thickness less than 0,200 mm by using computer controlled
testing machines

From 23" meeting of ISO/TC164/SC1/WG4 on 2023-09-25 and 2023-09-27:
Information about the progress of the project from ISO/TC164/SC1/WG4 to ISO/TC164/SC1

« 2nd option: NWIP and comments will be sent to the responsible committee of ASTM E345 and the
committee will revise its document implementing the comments

» After one year the responsible ISO-committee (ISO/TC164/SC1 resp. its WG4) will have a discussion on the result
of the revision of ASTM E345

Depending on the result of the revision ISO will restart or cancel the work on the NWIP

ASTM and ISO will check the possibility of publication under ASTM/ISO

If the document will be published under ASTM/ISO at French translation might be possible

The publication under Vienna Agreement should be discussed in one year by CEN/TC459/SC1 as EN

« / Experts of WG4 gave their opinion: 2 experts for option 1, 5 experts for option 2

(Option 1 was: continuation with ISO process: Identifying duplications and change them against references to ASTM
E345)

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 19
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NWIP: Tensile test on foils and strips of metals with a nomi
thickness less than 0,200 mm by using computer controlled
testing machines

26" Meeting of ISO/TC 164/SC 1/WG 4 on 2024-09-16

« The US delegates pointed out that a revised ASTM E345 has been published last week (Sept. 2024).

« The new version will be checked regarding the ISO / NWIP 6892-6 (Sept. 17th, 2024).

« After that, a final decision regarding ISO / NWIP 6892-6 will be taken in WG 4 and submit as a
recommendation to SC 1.

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 20
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NWIP: Tensile test on foils and strips of metals with a nomina
thickness less than 0,200 mm by using computer controlled
testing machines

2024-09-17: Comparison of ASTM E345-24a with ISO/NWIP 6892-6 (ISO-TC 164-SC 1-WG 4_N363)
Participants: James O’'Donovan, Johannes Aegerter

* INn ASTM E345-24a adopted specifications and parameters
» References to ISO standards regarding force and extensometer/extensometry
« Test piece geometry (parallel strip): width b, = 15 mm, L, resp. L, = 50 resp. 100 mm: > test piece form C (new)
« The 3 different methods of extensometry are described in the text (no figure)
» Annex B (informative): Recommendations concerning testing of metal-plastic composites> Annex A

* In ASTM E345-24a not adopted specifications and parameters

« Tactile measurement of the test piece thickness (micrometer): number of measurements taken (not the measurement in
general)

« Requirements regarding gripping the test piece, see 10.4 in the ISO document: Recommendations for gripping very thin
foils, e.g. hanging a small weight at the bottom of the test piece or deloading after increased preload followed by
starting the test itself.

« Determination of the plastic extension at fracture

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 21





NWIP: Tensile test on foils and strips of metals with a nomi sPens
thickness less than 0,200 mm by using computer controlled
testing machines

2024-09-17: Comparison of ASTM E345-24a with ISO/NWIP 6892-6 (ISO-TC 164-SC 1-WG 4_N363)
Participants: James O’'Donovan, Johannes Aegerter

« Differences in the documents
« ASTM: 51to 50 %/min ISO: 0,0067 /s (40 %/min), +/- 20 % relative

* In ISO: Mandatory use of computer controlled testing machine and description for determination of the slope of the
elastic line (regression method, hysteresis method, sliding segments) - ASTM referenced to ISO 6892-1

« Annex A (informative): Recommendations concerning testing air respective oxygen sensitive materials or foils coated
with hazardous to health or allergenic substances = Health risk and information in the main text

« Typing mistake regarding specifications and parameters in ASTM Document

« Table/Figure of test piece geometries:
» Test piece type C: gauge length 125 mm instead of 100 mm, in the main text 50 mm resp. 100 is used

« James O’Donovan will contact ASTM Members about possibilities for corrections/revision.
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08 Any other Business

Some ldeas for SR / Revision of ISO
6892-1

ISO/TC 164/SC 1/WG 4: Status report
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Some Ideas for SR / Revision of ISO 6892-1

History

1ISO 6892:1998

|

EN 10002-1:2001

|

speira

Decision for revision: 2003

« Adoption of ISO/TC 164/SC 1/WG 4 and WG 5
Harmonisation between |ISO 6892:1998 and EN 10002-1
Implementation of Annex(es) for measurement uncertainty
Implementation of EN 10002-1, Annex A (informative): Recommendations
concerning the use of computer controlled tensile testing machines

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16
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Some Ideas for SR / Revision of ISO 6892-1

Percentage total extension at fracture / Percentage extension
after fracture

» Clause 19: Percentage total extension at fracture
« Extensometer necessary

« Clause 20: Determination of percentage elongation after fracture

» Subclause 20.1: Manual method for the determination of percentage elongation after fracture
« Marking the original gauge length on the test piece, measuring the final gauge after the test, calculate ....
« NO extensometer necessary

» Subclause 20.2: Determination of percentage elongation at fracture
» Extensometer necessary
« Measured as the total extension at fracture followed by deduction of the elastic extension.
« Additional adjustments can be applied (e.g. high enough dynamic and frequency bandwidth of the extensometer)

« Problem 1: Percentage elongation after fracture = percentage elongation at fracture 7?77
» Problem 2: When does the fracture occur? (Fig. A.2 not always applicable)
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Some Ideas for SR / Revision of ISO 6892-1

Fracture determination

F
I
Recommendation in Annex A, Figure A.2
P  Problems:
5 « For very ductile Materials
« If different sampling frequencies
bWt were used
0 - t
o
4. Key
F force a Fracture.
Fm maximum force o data point
Fn+l force at measuring pointn + 1 Criteria for fracture
AFppn—1 force difference between measuring |AFp+15] > 5|AFrn-1| and/or
pointnandn-1 Frs1 < 0,02Fm

AFp+1pn  force difference between measuring

pointn+ 1 andn

t time

Figure A.2—Schematic representation for definition of fracture of the test piece
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Some Ideas for SR / Revision of ISO 6892-1

Fracture determination
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Some Ideas for SR / Revision of ISO 6892-1
Fracture determination
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Some Ideas for SR / Revision of ISO 6892-1

Fracture determination
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Some Ideas for SR / Revision of ISO 6892-1

Validity of the percentage extension at fracture

« Clause 20: ... is valid only if fracture and localized extension (necking) occur within the extensometer
gauge length, L..

* If robotic testing systems are used:

« Typically, no person observes the tests and decides about the position of fracture and therefore about the
validity of the value

« Recommendations for automatic determination of the position of fracture (e. g. optical) are missing.
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Some Ideas for SR / Revision of ISO 6892-1

« Germany intended to give some comments regarding the shown key points during the systematic
review.

« Opinion of WG 4 Members ?

|1 | Johannes Aegerter o Speira GmbH e RDB e 2024-09-16 31





09 Next Meeting of ISO/TC 164/SC 1/WG 4

ISO/TC 164/SC 1/WG 4: Status report
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Continuation of the Work of ISO/TC 164/SC1/WG 4 = ="
Next meetings

* If necessary: Online meeting: Date of the meeting will be found by online ballot

« Face to face meeting in Paris, France: presumably on Monday, September 15t , 2025
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This is a draft document describing a laboratory test procedure to characterize the relationship
between intrinsic threshold stress intensity factor range and computed near-tip residual stress.

Appendices B-D describe applications of the test practice, the underlying science behind the
material property characterized by the test procedure, its necessity and its applications.

The test procedure is described in sufficient detail to enable its implementation on any
computer-controlled fatigue test system, subject to development of required application
software.

This document is not a publication. It is intended for circulation in solicitation of critical
feedback and to assist interested participants of a forthcoming Inter-Laboratory Study (ILS) on
reproducibility of test results in consideration by pertinent professional bodies for adoption as

standard testing practice. Test coupons for the study will be made available. A joint publication
on the ILS participants is proposed.

Oversight of the ILS and standardization activity is exercised by the Indian Structural Integrity

Society (InSIS) Task Group Co-Chairs Prof. Raghu Prakash (raghuprakash@iitm.ac.in) and Dr.

Vikas Saxena (vikas.dmrl@gmail.com). The test procedure was developed at BISS Labs. Dr. R.
Sunder (rs@biss.in) serves as technical focal.

Test procedure to characterize intrinsic threshold stress intensity range. -1
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Test Procedure to Characterize Intrinsic Threshold Stress Intensity Range
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1. Scope

1.1. The test procedure is used to characterize minimum applied loading conditions for the
onset of fatigue crack growth under conditions precluding crack wake contact in laboratory test
coupons cut from homogenous metallic materials. The applied threshold cyclic loading
condition is expressed in terms of intrinsic threshold stress intensity factor range, AK,i.

1.2. The test procedure is intended as a guide for fatigue crack growth testing performed in
support of such activities as materials research and development, mechanical design, process
and quality control, product performance, and failure analysis.

1.3. For purpose of characterization, 4Kw,i, is associated with the onset of fatigue crack
growth at a rate, not exceeding da/dN = 10" mm/cycle under conditions, associated with a fully
open crack tip. It is assumed that crack wake contact is either absent or of insignificant
consequence.

1.4. AKw,can vary significantly, and correlates solely with a computed local stress parameter,
near-tip residual stress, o*. The test procedure involves characterization of the 4K versus c*
relationship by determining 4Kw,i readouts under a sufficiently large range of controlled c*.

1.5. The 4K, versus o* relationship and the derived 4K versus stress ratio relationship
may be applied to support the assessment of the susceptibility of pre-existing defects and
fatigue cracks of detectable size in components and structures to growth under continued usage,
leading to curtailment of residual service life.

1.6. Mechanisms that induce the dependence of 4Kw,i on o* appear associated with the effect
of near-tip stress on the physics and chemistry surrounding the action of active species on crack
tip surface layers. Therefore, it is important to ensure that laboratory test environment be
representative of the conditions to which obtained test results will be applied.

1.7. Implementation of this test procedure requires availability of requisite instrumentation
for crack size measurement and real-time application software to implement the specified test
algorithm that demands software programmable variation in applied loading conditions in
terms of magnitude, waveform, sequence and test frequency.

1.8. The test procedure is described in sufficient detail for use on standard compact tension
specimens. Given the nature of the 4K, versus o* relationship, the procedure may be applied
to other specimen geometries, provided the requisite instrumentation and software resources
are available for automated crack size measurement and applied cyclic load variation in the
course of testing.

1.9. Appendix A describes tables used by test procedure for reporting purposes. Appendix B
describes examples of readouts obtained using the test procedure and their applications. Two
Appendices have been added to this draft in support of its consideration for adoption. Appendix
C explains the necessity for this test procedure. A brief historical background of the
development of the test procedure appears as Appendix D.

1.10. The test procedure is not intended for use on full-scale structures or consumer products.

1.11. This standard does not purport to address safety concerns, if any, associated with its use.
It is the responsibility of the user of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

2. Referenced Documents
ASTM Standards:
E4 Practices for Force Verification of Testing Machines

Test procedure to characterize intrinsic threshold stress intensity range. -2
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E6 Terminology Relating to Methods of Mechanical Testing

il

E467 Practice for Verification of Constant Amplitude Dynamic Forces in an Axial Fatigue
Testing System

E606 Practice for Low-Cycle Fatigue Testing

E1012 Practice for Verification of Testing Frame and Specimen Alignment Under Tensile and
Compressive Axial Force Application

E1820 Test Method for Measurement of Fracture Toughness

E1823 Terminology Relating to Fatigue and Fracture Testing

E647 Standard Test Method for Measurement of Fatigue Crack Growth Rates
3. Terminology

The terms used in this test method are given in Terminology E6, and Terminology E1823.
Wherever these terms are not in agreement with one another, use the definitions given in
Terminology E1823 which are applicable to this test method.

3.1 Definitions:

3.1.1 cracksize, a[L] —a linear measure of a principal planar dimension of a crack. This
measure is commonly used in the calculation of quantities descriptive of the stress
and displacement fields and is often also termed crack length or depth. In fatigue
testing, crack length is the physical crack size. See physical crack size in
Terminology E1823. Aa denotes crack increment of growth interval.

3.1.2 cycle—in fatigue, under constant amplitude loading, the force variation from the
minimum to the maximum and then to the minimum force. In this test method, the
symbol N is used to represent cycle count. AN is used to represent cycling interval.

3.1.3 fatigue-crack-growth rate, da/dN, [L/cycle]—the rate of crack extension under
fatigue loading, expressed in terms of crack extension per cycle.

3.1.4 fatigue crack growth threshold, AKw [FL *?]—that asymptotic value of AK at
which da/dN approaches zero. For most materials an operational, though arbitrary,
definition of AK is given as that AK which corresponds to a fatigue crack growth
rate of 107" mm/cycle

3.1.5 fatigue cycle—See cycle.

3.1.6 force cycle—See cycle.

3.1.7 force range, AP [ F]—in fatigue, the algebraic difference between the maximum
and minimum forces in a cycle expressed as:

AP = Pmax — Pmin

3.1.8 force ratio (also called stress ratio), R—in fatigue, the algebraic ratio of the
minimum to maximum force (stress) in a cycle, that is, R = Pmin/Pmax.

3.1.9 overload stress ratio, Roy — given by the ratio Pyn/Pov.

3.1.10 intrinsic threshold stress intensity, AKn,i [FL 3?]—that asymptotic value of AK at
which da/dN approaches zero under conditions whereby the crack tip evenly
responds to the entire applied range of stress intensity factor, K (i.e., derivative of
near-tip elastic stress, o, versus applied stress intensity, do/dK = Const). An
operational, though arbitrary, definition of AK,i is given as that AK which
corresponds to a fatigue crack growth rate of 107" mm/cycle

3.1.11 maximum force, Pmax [F]—In fatigue, the highest algebraic value of applied force
in a cycle. Tensile forces are considered positive and compressive forces negative.
In this procedure, Pmax associated with periodic overload cycle is designated Poy

Test procedure to characterize intrinsic threshold stress intensity range. -3
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3.1.12 maximum stress-intensity factor, Kmax [FL*]—in fatigue, the maximum value of
the stress-intensity factor in a cycle. This value corresponds to Pmax.

3.1.13 minimum force, Pmin [F]—in fatigue, the lowest algebraic value of applied force
in a cycle. Pmin in an overload cycle immediately follows Pov and is designated as
Pun.

3.1.14 minimum stress-intensity factor, Kmin [FL"*?]—in fatigue, the minimum value of
the stress-intensity factor in a cycle.

3.1.15 r* [L] - is distance from the crack tip along the crack plane where near-tip stress
is calculated (mm).

3.1.16 near-tip stress, o [FL ?]— (MPa) —a computed value of stress at a distance, r* mm
ahead of the crack-tip and estimated for given K, omax at Kmax, 4o due to AK.

3.1.17 near-tip residual stress, o* [FL?] (MPa) —a computed value of stress at a distance,
r* mm ahead of the crack-tip and estimated for Kmin at threshold, i.e., at growth
rate of 107" mm/cycle.

3.1.18 stress-intensity factor range, AK [FL %?]—in fatigue, the variation in the stress-
intensity factor in a cycle, that is AK = Kmax - Kmin.

3.1.19 AKeq = Kop — Kmin, [FL™%?] — that portion of the applied stress intensity range over
which the fatigue crack is closed.

3.1.20 Kiim, [FL 2] — Limiting value of Kmax at which test is discontinued.
3.2 Key Words

Intrinsic threshold stress intensity; near-tip residual stress; testing procedure; crack size;
fatigue crack growth rate; stress intensity factor range

4. Significance and Use

4.1 The necessity, applications and the science behind this procedure are summarized as
Appendices B-D.

4.2 AKn corresponding to da/dN = 10”7 mm/cycle serves as the origin of the da/dN versus stress
intensity factor relationship. This material property determines conditions for the onset of
fatigue crack growth. It influences crack growth rate across the near-threshold domain
between 107 and 10 mm/cycle. 4K determined using standard testing practice per E647-15
as well as those determined using alternate techniques such as compressive pre-cracking and
cyclic R-curve testing are associated with indeterminate load history effects including uneven
crack tip response over the applied load cycle caused by various forms of crack wake contact.
The absence of reliable and reproducible procedures to measure the magnitude of these effects
comes in the way of both research and engineering application of AKi.

4.3 This test procedure provides for characterization of the relationship between AKw i and near-
tip residual stress, o* under test conditions, designed to promote uniform crack-tip response to
the entire applied range of stress intensity. Equations are described to calculate o* at
threshold. Specific guidelines are provided to detect and invalidate AKw,i readouts traceable to
attenuated crack tip response to applied load cycle due to crack wake contact.

4.4 Equations are provided to extract the crack closure component, AKqp (or 4AKc), from AKw data
obtained using other conventional techniques to determine AKi as a function of R or Knax.

4.5 Equations are provided to transform the relationship between AKiw,i and o* into one between
AKin,i and applied stress ratio, R, for conditions associated with even crack tip response over
entire applied load cycle as would be the case in the total absence of wake contact.

Test procedure to characterize intrinsic threshold stress intensity range. -4
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4.6 Testing to characterize fatigue crack growth rate is typically performed over a wide range of
load cycle frequency and environmental conditions, representative of either research or
application interest. Similar considerations apply to this test procedure.

4.7 Results from this test method can serve as material property inputs to:

4.7.1  Construct Kitagawa-Takahashi diagrams valid for different values of R on the
consideration that initial defects are unlikely to see crack wake contact even
under negative R-values. Establish permissible defect size for a selected
applied cyclic design stress amplitude and stress ratio and conversely,
establish permissible cyclic stresses for known initial defect size.

4.7.2  Establish permissible defect size in research and development in material
refinement, casting, forging, extrusion and machining processes targeted to
ensure defects if any, do not exceed specifications.

4.7.3  Establish material selection criteria and material quality control criteria with
regard to permissible defect size and component inspection criteria with
regard to permissible defects in service to meet safe life between inspections.

4.7.4  Correct the origin of the da/dN versus AKes curve on the consideration that a
long crack at threshold is likely to see the same fractional response to applied
AK (e.g., due to plasticity induced crack closure) as at higher values of da/dN.

4.7.5 Determine the closure component, 4Kop (0r, 4Kq) in legacy data presented as
AKiwn versus applied stress ratio, R or Kmax

4.7.6  Interpret and model load history effects in near-threshold variable amplitude
fatigue crack growth

5. Summary of Test Method

5.1 AKu,is estimated by progressive reduction in applied baseline AK starting from an initial
AKo while maintaining Pmax = Const. Continuous increase in monotonic plastic zone size,
together with progressive increase in applied stress ratio and periodic application of low stress
ratio cycles effectively enforce absence of wake contact at threshold. Variation in o* is imposed
by the combined action of progressively increasing Kmax and periodic overload — underload
sequences.

5.2 Depending on o*, 4K, can vary by a factor of two to five. At least ten evenly distributed
threshold data points are desirable in order to obtain a reasonable representation of the AKim,i
versus relationship o* for a given material.

5.3 The data pairs o* and AKw, are both unknowns at the commencement of the test
procedure. Test parameters are therefore chosen to ensure sufficient variation in o* at threshold
for successive AKw i readouts. The relationship between o* and AKw i being unique, it does not
matter at what crack size, applied stress ratio, R, or maximum stress intensity factor, Kmax,
individual AKin ;i readouts are obtained.

5.4 Multiple readouts can be obtained from a single test coupon. Their number will depend
on assigned test parameters and is restricted by the available useful interval of fatigue crack
growth for the test coupon width chosen for the test.

5.5 Once the next AK,i readout is obtained, the associated o* is calculated from the applied
loading conditions at threshold using equations provided. At the conclusion of the tests, a plot
is constructed describing the AKin,i versus o* relationship for the material.

5.6 The AKw, versus o* relationship is transformed into the relationship between AK i and
applied stress ratio, R, for conditions as applicable to an initial crack-like defect that will see
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no wake contact even under compressive loading. The transformation is performed using
equations (8-10).

5.7 In the event plasticity induced closure response of long cracks in the material is known,
the AK,i versus o* relationship can be transformed into AKw versus R relationship for long
cracks. The procedure to perform the transformation is described in Section 9.15.

5.8 It may be necessary to first perform two additional tests to determine certain material
constants required to set up the threshold test procedure. An incremental cyclic stress-strain
test per ASTM E-606 is required to determine Young’s Modulus, E, cyclic strength coefficient,
K’ and cyclic strain hardening exponent, »’ of the material, and yield stress, ay. Secondly, a
fatigue crack growth rate test per ASTM E647 needs to be performed to determine the
coefficients C and m in the equation da/dN = C.AK™ approximating crack growth rates in the
range 10 to 10 mm/cycle. These constants facilitate optimum design of test parameters to
characterize the AKi,; versus relationship o*. These additional tests are not required if the
required constants are known from previous tests on the same material, or, from the literature.

6 Test Resources

6.1 Test Matrix—A test matrix should be set up identifying, the resources required for the tests
such as capacity and performance of test systems, overall duration of testing and type, size
and number of test specimens. It is desirable to provide for spare specimens to cover the
possibility of repeat tests.

6.1.1 Type and number of test specimens: Prior experience with the test procedure is
restricted to Compact Tension (C(T)) coupons as described in E647 [11.1-11.4, 11.6].
However, in the absence of ability to make or test C(T) coupons, any other specimen
type as described in ASTM E647 or E1820 may be used to perform this test procedure
provided the test hardware and software used to perform the test is capable of (a)
programmable quasi-static and cyclic loading of required magnitude and frequency,
and (b) of automated measurement of crack size, both satisfying requirements of
precision.

6.1.2 Specimen Thickness: Prior experience suggests that the lowest value of 4K, does not
vary significantly with specimen thickness varying from 5 to 50 mm [11.1-11.4, 11.6].
However, given the effect of constraint on near-tip stress-strain response, thickness of
test specimens is recommended to be representative of target applications.

6.1.3 Specimen Width: Specimen width, to thickness ratio, W/B, is limited only by
propensity of specimen to exhibit out of plane response due to buckling or excessive
Mode 111 component. It may be selected on the consideration that multiple 4K,
readouts may be obtained from a single specimen. Their approximate number is given
by the expression:

Readouts from single specimen = 0.2 x (Specimen width (mm) — 4)

6.1.4 Number of specimens: The approximate total number of test coupons required to
perform this test procedure may be estimated from the following expression:

Number of specimens = 2 + Total readouts required / Readouts from single specimen

This estimate includes additional specimen to perform a constant amplitude load test to
determine the constants C and m at R = 0.3 over the Paris Regime.

6.1.5 In the event, cyclic stress-strain properties of the material are unknown, a low-cycle
fatigue (LCF) specimen cut from the same material and with similar grain orientation
may be required to be tested per ASTM EG606 in order to characterize incremental
cyclic stress-strain response given by the constants £, K’ and »n’. These constants
determine the quality of correlation of test data as well as the associated value of r*
used. The use of published constants for the same or similar material is permissible in
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the event of difficulty in performing the required additional test to determine them. In
either case, the values used must be reported as part of the test report for reference and
use in applications requiring computation of AKw, as a function of applied loading
conditions.

5
o

6.2 Test Equipment — The following force and performance ratings of the test equipment are
recommended to implement the test procedure:

6.2.1 Force Rating: The required force rating of test equipment may be estimated from
the following expression that is valid for C(T) specimen geometry:
Force rating (kN) = 0.015 x Specimen thickness (mm) x Material Modulus (GPa)

6.2.2 Test system performance: An approximate estimate of total test system running
time required to complete this test procedure may be made using the following
expression:

Test hours = 1000 x No of 4K, readouts / Test frequency (Hz)

If the objective is to obtain 20 4K, readouts and a test frequency of 50 Hz is
employed for baseline cycling, a total of about 400 machine hours will be required
to complete this test procedure.

Servohydraulic test systems are recommended for the purpose given their ability to
accurately reproduce both large amplitude cycles at low frequency, of say, 0.1 Hz
as well as low load amplitude associated with threshold conditions at high
frequency of up to 150 Hz. Other types of test systems including electromagnetic
and sub-resonance drives may also be used provided they meet requirements on
loading accuracy and sequencing as specified in section 6.2.3 and Fig. 1.

6.2.3 Instrumentation: Fatigue threshold response is extremely sensitive to load history.
The quality and reproducibility of 4K, readouts relies on precision control of
applied forces combined with precision measurement of crack size. Transducer
calibration and tuning of system response need to be of adequate quality to ensure
that:

6.2.3.1 Unintended overshoot of required maximum load both during periodic slow
cycles and under baseline cycling does not exceed 2% of assigned value,

6.2.3.2 Unintended undershoot of required minimum load, Pun, during overload
cycle preceding baseline cycling does not exceed 2% of overload Poy.

6.2.3.3 Pmin during baseline cycling never reduces below assigned value by more
than 2% of assigned baseline Pmax.

6.2.3.4 Error in applied amplitude of load cycles over 90% of baseline cycles at
threshold does not exceed +/-1% of specified value, and, that

6.2.3.5 Successive measurements of crack size over the (last) 0.1 mm of crack
extension associated with threshold conditions do not suggest decrement in
crack size exceeding 0.025 mm.

6.2.4 Software: This test procedure is not amenable to manual execution. It demands
dedicated real-time application software incorporating the testing process as
described in section 9.8.

6.2.4.1 Equations used to calculate key parameters required by this test procedure
are not closed form. The software should include the required code for
iterative calculation of single unknowns in transcendental equations.

6.2.4.2 The software should satisfy operational, quality as well as safety
requirements associated with extended unattended duration testing that can
proceed for several days or even weeks at a stretch.

6.2.4.3 The system should be able to track and register cycle count as an integer
running to 10 digits.
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6.2.4.4 Storage on the system should be capable of accommodating the
progressively accumulating flow of test data without any danger of system
crash due to lack of storage space.

6.2.4.5 Raw data recorded in the course of the test process should enable
subsequent verification of cyclic loading accuracy, analyses for potential
correction of crack size, recalculation of applied loading conditions, crack
opening stress intensity factor, etc.

6.2.4.6 Realtime computer memory and processor resources should be
continuously available over the entire duration of testing without any threat
of interruption due to demands unrelated to the test process including
‘system update’, ‘virus check’ and other such overheads.

7.0 Crack size measurement

7.1 Compliance based crack size measurement is permissible using crack mouth opening

displacement (CMOD) gauge, load-line displacement (LLD) gauge or back face strain
(BFS). Alternately, crack size may also be estimated from d.c. or a.c. potential drop.

7.2 Refer to ASTM E647 for recommended procedure for crack size measurement.

7.3 Any of the available procedures recommended by ASTM E647 may be used to perform

this test procedure, provided their function is fully automated and found suitable for
long term unattended testing.

7.4 This test procedure relies on both the resolution as well as the reproducibility of crack

size measurements. These are subject to validation prior to commencement of testing
for threshold.

8.0  Test specimens

8.1

8.2

8.3

This test procedure has been successfully exercised on compact tension specimens cut
from Al-alloys, Ti-alloy and various steels, using compact tension (C(T)) specimens of
between 5 and 50 mm thickness and between 20 and 100 mm width with crack size
estimates based on CMOD compliance [11.1-11.4, 11.6].

Equations for both crack size estimate from compliance or potential drop and stress
intensity factor from crack size and applied load as described in E647 are applicable to
this test procedure.

Other specimen geometries for which equations for crack size estimates from
compliance or potential drop are available along with equations to compute stress
intensity factor from crack size are described in ASTM E647 and E1820. These
specimens may also be used with this test procedure, subject to availability of required
test fixtures, instrumentation and implementation of the required equations for crack
size and stress intensity factor calculations as part of the application software to
perform the test procedure.

9.0 Procedure

9.1

9.2

Material constants £, K’, n” and oy are required to perform this test procedure. In the
event these constants are not available for the material, they may be determined from a
single test as per E606. Constants available in the literature from a similar material
may also be used. Their values along with their source must form part of the test report
to enable subsequent applications including correction of correlations if necessary.

Preparation of test system, fixtures, test specimen and transducers is performed as per
E647. With the objective of improved productivity of testing, it is recommended that a
straight and fine notch wire-cut to a depth of a/W = 0.2 serve as crack initiator.
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9.3 Asingle test is performed as per E647 at stress ratio, R = 0.3 under load conditions
selected to yield crack growth rates covering the range 10 < da/dN < 10° mm/cycle.

9.3.1  Asuitable Pmax for the test is selected to ensure that da/dN data from the test
lie in the required range. For many materials, these conditions may be
satisfied by the selection of Pmax such that Kmax at the commencement of
testing is approximately equal to E / 10, where E is in GPa and Kmax is
expressed in terms of MPaym. In the event no crack extension is observed
over 50,000 cycles, Pmax may be increased by 10%.

9.3.2 Data points over the required range must be obtained over crack sizes lying
beyond a pre-cracking interval not less than 1 mm.

9.3.3 A least square fit in the log-log scale is performed on da/dN versus AK data
over the selected growth rate range to determine the slope, m, and intercept, C
in the equation da/dN = C. AK™. These constants are used to select test
parameters for threshold testing and must form part of the test report. They are
used to estimate the following guideline test parameters assuming C in
mm/cycle and K in MPavm:

9.3.3.1 Pmax for the test to be selected to ensure Kmax at commencement of pre-
cracking given by:

Kmax = (8.10°/C)¥™ (MPavm), 1)
where C is expressed in mm/cycle.

9.3.3.2 Limit Koy, Kiim. This is the highest permissible value of stress intensity
factor in testing for threshold. Upon attaining this value, the ongoing test is
terminated on the consideration of invalidity of subsequent AKw,i readouts
given unreasonably high crack extension due to overload given by

Kiim = (0.003 / C)V™ (MPavm), (2)
where C is expressed in mm/cycle.

9.4 The threshold test procedure consists of multiple steps. At the conclusion of each step,
a 4K, readout is obtained. The progress of each step is controlled by two sets of
parameters. One set of parameters is common to all the steps, while the other set directly
affects the 4K, readout and must therefore be varied in an attempt to obtain even
distribution of readouts for better characterization of the 4K i versus o™ relationship.

9.5 Common set of parameters includes the following and these must form part of test
report:

9.5.1 AKo expressed in MPayvm may be selected to be equal to or greater than 6% of
Young’s Modulus, E, expressed in GPa, or, to exceed (8.10-5/C)Y™ where C is
expressed in terms of mm/cycle. 4Ky is AK at commencement of the step.

9.5.2 Pmax to be maintained throughout the test is estimated from the consideration of
Kmax at conclusion of pre-cracking to be associated with AKy at stress ratio R =
0.3. If multiple specimens will used, Pmax may be varied from specimen to
specimen to enforce greater variation in test conditions, but on the consideration
of keeping it unchanged throughout the test.

9.5.3 Cycling frequency of overload cycle(s), set to 0.1 Hz (or any other frequency,
chosen to deliver desired accuracy of load application and desired resolution and
reproducibility of crack size measurement from unloading compliance).

9.5.4 Cycling frequency of baseline cycling. Typically set to the maximum possible on
the test system without compromising on the requirements of loading accuracy,
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unless the objective is to research frequency effect. It is permitted to prescribe
constant loading rate in terms of force or stress intensity factor instead of
constant frequency, subject to satisfaction of requirements of loading accuracy.

9.6 Pre-cracking is performed at selected Pmax and stress ratio R = 0.1 to a depth of 1 mm
from the starter notch. Cycle frequency for pre-cracking is chosen to ensure rapid
completion of this preparatory step. Qualification to proceed with threshold test
procedure:

9.6.2

9.6.3.

9.6.4

Upon conclusion of pre-cracking, five successive measurements of crack size
are made using the method employed, which can be PD or unloading
compliance. In the event compliance is employed, the recommended force data
window for force and COD readouts is from 40% to 95% of Prax.

It is desirable that the standard deviation in crack size readouts be less than
0.02 mm. Standard deviation in crack size estimates at the conclusion of pre-
cracking must form part of test report.

In the event thresholds are to be estimated at elevated temperature, or, in an
aggressive environment, pre-cracking may be performed under ambient
conditions. However, qualification of quality of crack size measurements must
be performed using the same instrumentation that will be deployed during the
process of threshold testing.

9.7  AKmw, is controlled by three variables that together determine near-tip residual stress,
o*. These are Koy, Kun and Kmax, corresponding to Poy, Pun and Pmax respectively. For a
given Pmax, these variables are defined by percentage overload applied, overload
stress ratio, Rov, and crack size at threshold. Different combinations of first two of
these are therefore selected to ensure wide variation of o* that affects 4K, readout.

9.7.1

9.7.2

9.7.3

9.74

9.75

Percentage overload variation given by 100 X (Pov/Pmax — 1) (%) is
recommended in steps of 20 to 30%, up to a maximum of 60%. Further
increase in Poy carries the threat of invalidation of 4K, readout due to partial
crack wake contact at threshold. Such a possibility is reduced in thicker
materials and at higher baseline Kmax values.

Recommended Roy values are 0.1 and values between 0.4 and 0.7 in steps of
0.1. Given crack closure to be of the order of 30% of Poy, varying Roy between
0.1 and 0.4 is unlikely to yield substantial variation in AKi,.

In the event of 0% overload, Ry is always set to 0.1. Other values will not
affect 4K, readout as can be seen from the equations describing computation
of o*.

The 4K, versus o™ relationship is insensitive to the order in which
percentage overload and Ry Stress ratio settings are varied from step to step.
Sufficient crack extension would have occurred in current step before
threshold, for prior overloads of higher magnitude in previous step to have any
effect on near-tip residual stress. Nevertheless, if the objective is to ensure
minimum effect of previous step on transient growth rates in the current step,
it is desirable to avoid large decrease in percentage overload going from step
to step.

Table A.5 provides an example of step-to-step variation in percentage
overload and Rov. All the steps in this table may not be accommodated in a
single test. If multiple tests are required, the next step can be continued as per
the list in the table. In doing so, Pmax for the next specimen may be changed if
required, to assist in increasing variability of test results.
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9.8 Test and measurement procedure leading to 4K, readout: Fig. 1 describes the
load sequence to be repeatedly applied until threshold condition is met. The load
sequence commences with the application of the overload cycle of required
magnitude with stress ratio, R = 0.1, followed by a cycle with the same Pqy, but

-~
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FIG. 1 Schematic of load sequence progressively leading to threshold condition: Upon crack
increment exceeding 0.1 mm 4K is decreased along with reset of cycle interval, AN, to 1000
cycles, by increasing Pmin,. Cycle interval is preceded by overload followed by underload of
controlled magnitude to impose controlled o* at threshold. Cycle interval AN is doubled
(subject to a limit of 50,000 cycles) in the event of no growth. Threshold is deemed to have

been reached if crack extension is less than 0.1 mm over than 1,000,000 cycles of sequence
shown.

followed by Pun, corresponding to specified overload stress ratio, Roy = Pun / Pov.
(Note: The first overload cycle with low stress ratio of R = 0.1 is intended to
‘squeeze’ crack wake into yield to reduce possibility of wake contact at threshold.)
Throughout the test segment leading to threshold, the load magnitude of these two
cycles remains unchanged. The two cycles are followed by a sequence of baseline
load cycles, AN, whose magnitude and duration are varied as described below.

9.8.1 At its first application, the baseline load sequence in Fig. 1 is applied with Kmax
corresponding to Pmax, Kmin €stimated as Kmax — AKo and baseline cycle duration,
AN, of 1000 cycles. In the event Kmin / Kmax < 0.1, Kmin is increased to ensure
baseline stress ratio to R = 0.1. The load sequence in Fig. 1 is repeated to
threshold with corrections for the next step as follows.

9.8.2 In the event crack size is estimated from PD, the crack size readout at the
conclusion of 1000 cycles is taken as current. If crack size is estimated from
unloading compliance, current crack size is estimated from the first (overload)
cycle of the next repeat sequence.

9.8.3 In the event no extension is evident by comparison to crack size at previous
application of overload, the baseline cycle duration, AN, is doubled for the next
application. A limit of AN = 50,000 cycles is however maintained with respect to
baseline cycle duration, i.e., following AN = 32,000, the next higher AN is set to
a never exceed value of 50,000. (Note: This limit follows from the consideration
of crack extension not exceeding 0.005 mm over 50,000 cycles at threshold. It is
assumed that under these conditions, the near-tip residual stress, o*, left behind
by preceding overload-underload sequence will have seen negligible relaxation
attributable to either crack extension or cycling. Such an assumption will be
invalid under conditions of time dependent stress relaxation)

9.8.4 In the event of detection of crack extension, not exceeding 0.1 mm from the
commencement of cycling at current AK, Kmin is corrected to maintain assigned
AK, overload cycle is applied followed by baseline cycling of current duration.
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9.8.5 In the event of detection of crack extension equal to or exceeding 0.1 mm from
the commencement of cycling at current 4K, AK is reduced by 10% and baseline
cycling duration reduced to 1000 cycles.

’

9.8.6 In the event more than 1,000,000 cycles have accumulated without crack
extension equal to, or, exceeding 0.1 mm:

9.8.6.1 The test step is assumed to have concluded with 4K i readout set equal to
current AK.

9.8.6.2 Against current test specimen, along with AKw,i , record cycle count,
crack size, Koy, Kun and Kmax.

9.8.6.3 The test system is now ready to proceed with the next step, with new
settings of percentage overload and overload stress ratio.

9.8.7 The AKw,i readout is discarded as invalid in the event:

9.8.7.1 Crack increment, Aa, from commencement of step to point of threshold
is less than five times the plane stress plastic zone size, caused by Koy at
the conclusion of the previous step, or, by Koy of current step, whichever
is greater, and given by the expression:

Ada <5, (Kov/Uy)Z/(Zﬂ'), (3)

Note: This condition is to ensure the absence of any load history effect
caused by conditions operative in previous step.

9.8.7.2 AKw,exceeds 70% of AKo.

Note: This condition is to ensure that at least 30% reduction in AK was
required to retard crack growth rate. It is based on the assumption that
the crack must have been fully open at threshold if increasing Pmin,
induced reduction in crack growth rate.

9.8.7.3 Pnin/Pov is less than 0.35 at threshold.

Note: This condition is based on findings that plasticity induced crack
closure when related to highest applied load is of the order of 30%.

9.9  Termination of test: If at any point during testing, the computed requirement arises
of applying a stress intensity factor value exceeding Kiim, the test is terminated on the
consideration of potentially invalid 4K estimates. The specimen is statically loaded
to fracture. The fractures are placed side by side and a photograph taken of the
fracture surface to enable subsequent comparison of crack size readouts at thresholds
against actual crack size. The next test can be programmed to continue with the
remaining combinations of test parameters, subject to pre-cracking.

9.10 At the conclusion of testing the summary table of 4K, readouts is visually scanned
to confirm their reasonably even distribution, particularly towards higher recorded
values of 4K . If so desired, these gaps can be addressed through additional testing
with revised combination of test parameters Pmax, percentage overload and Rov.

9.11 Construction of the AKini versus o* relationship. The quality of correlation of this
relationship depends on the selected value of the distance from the crack tip, r*, at
which o* will be computed. An iterative search is employed to identify the r* for
best visual fit. It is recommended to start with r* = 0.015 mm and then move up or
down in steps of 0.005 mm to identify the best fit. (Note: Available data indicate that
r* can vary between 0.005 mm and 0.05 mm depending on material and thickness.
Lower r* values of the order of 0.01 mm have been found to be associated with
higher strength alloys including high strength Al-alloys and steels. Thickness
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induced constraint has been found to increase r* at which best correlation is obtained
by as much as three times. These variations are attributed to the deviation in near-tip
stress-strain response from that, determined on smooth specimens that were used to
characterize K’, n’and oy).

9.11.1For selected r*, o* is calculated by sequentially solving the following equations
for the single unknown on the righthand side:

Solve for ooy:

1
K,, = \/an*Eoov [% + (%)n] 4)
Solve for oun:
1
Koy = Kyn = | 207" E(0py — Gun) [UOUEUun + 2 (Gosz,Tun)n'] (5)
Solve for omax:
1
Omax—%un Omax—Oun \"
Kmax — Kun = |207"E(Omax — Oun) [T +2 (T) ] (6)
Solve for o*:
1
Kmax - Kmin = 27TT'*E(O-max - O-*) [amag - +2 (am‘zllx(’ - )n] (7)

9.11.2 Choose r* value that appears to provide the best fit of recorded 4K readouts
versus o*. Record and report selected r* as part of test report.

9.11.3In table of results enter o* values against each 4K, readout. This represents the
established 4Kin,i versus o* relationship in tabular form. Plot this relationship for
inclusion in report.

9.12 Translation of 4K, versus o* relationship into one of 4Kw; versus equivalent
constant amplitude applied stress ratio, Req, valid for conditions of even crack-tip
response over entire applied load range under constant amplitude loading. (Note: These
calculations follow from the premise that a crack-like defect will respond to the entire
applied load cycle not only under positive, but also under negative applied stress ratio,
i.e., that wake contact is absent over entire applied load cycle).

9.12.1 In table of results include equivalent Ac against each 4K, readout, by solving the
following equation for Ac:

1

App; = j 2mrE A0 [ + 2 (%)5] (8)

9.12.2 In table of results include equivalent omax for each row in the table computed as
the sum, omax = 6* + Ac.

9.12.3 In table of results, include equivalent (constant amplitude) Kmax,eq for each row in
the table, given by following equation for Kmax,eq:
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Kmax,eq = \/ZEr*Eamax [an;ax + (%)n‘] (9)

9.12.4 In table of results, include equivalent R, Req, given by the expression:
Req = (Kmax,eq - AKth,i) / Kmax,eq- (10)

Req represents the stress ratio of applied constant amplitude loading associated
with 4K, for the onset of fatigue crack growth assuming that the crack tip
responds to the entire applied load cycle.

9.12.5 Plot the relationship between 4K, and Req. Include this plot in the report with the
note that the relationship pertains to conditions under which the fatigue crack or
equivalent defect remains fully open over the entire applied constant amplitude
load cycle.

The test report should include the completed tables and plots as shown in Appendix A.

Extraction of AKop (or 4Kc) component from legacy AKw versus R data obtained
using E647. This method proceeds on the assumption that legacy data were obtained on
the same material, and, that the objective is to assess the variation in threshold conditions
attributable to differences in the applied test procedure.

9.14.1 Transform legacy AKw versus R data into AKi versus Kmax data and plot these.

9.14.2 On the same plot, mark AK,i versus equivalent Kmax from the table of results of

this test procedure. The envelope between the two relationships denotes AKqp (0r AKcl) versus
Kmax. It denotes the extent of crack closure component in legacy threshold data obtained by
conventional load shedding procedure per ASTM E647.

9.15

9.16

Transformation of 4K, versus Req relationship into 4K versus applied stress ratio,
R, for long cracks experiencing plasticity induced wake contact. This transformation is
performed on the premise that plasticity induced crack closure (PICC) for long cracks
conforming to linear elastic fracture mechanics considerations (LEFM) is solely related to
prevailing stress state. It requires the relationship between Rop = Kop/Kmax and applied R
represented in nondimensional terms. Then, on the premise that the AKi,i versus equivalent
R also represents AKini versus Rop = Kop/Kmax, the transformation proceeds as follows:

9.15.1 Back calculate R from the Rop versus R relationship for given stress state.

9.15.2 Considering Req in Table of test results is synonymous with Rop, add column with
corresponding back calculated R values.

9.15.3 Add column with 4K, estimated from Kmax and R and given as Kmax (1.-R).

9.15.4 Plot 4K versus back calculated R as the relationship between AKq i adjusted for
PICC versus applied stress ratio, R.

Appendix B provides example of data processing to obtain the 4K, versus o* relationship
and also its applications per 9.14, 9.15 above.

10. Precision and Bias

10.1

Precision—The precision of 4K, estimates is a function of inherent material variability
as well as errors in measuring crack size and applied force levels. The precision of o*
estimates is sensitive to deviations in actual crack-tip response to applied load cycle from
assumptions at the basis of equations to compute it. It is often impossible to separate the
contributions from each of the above-mentioned sources of variability so an overall
measure of variability can be obtained to determine precision as per Practice E177. The
sum total of deviations introduced is likely to be of the same order as the inherent error of

Test procedure to characterize intrinsic threshold stress intensity range. -14





InSIS

)

,‘

Bl

il

+/-5% introduced by the 10% step-size in reduction of AK associated with the test
procedure.

10.2 Bias—There is no accepted “standard” value for AKwi for any material.
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Appendix A

Tables for use with test procedure and reporting

Table A.1: Test system description

77, 11
2
BlsSSsSs

Test system & type

Load cell rating & date of
last calibration

Crack size measurement
device (COD-
compliance/DCPD/ACPD) &
date of last calibration

Standard deviation in
crack size at end of pre-
cracking (mm)

Table A.2: Specimen description

Test# | Specimen Geometry Thickness Net thickness Width Length/Span Starter notch
(mm) (mm) (mm) (mm) (mm)
Compact tension C(T)
Table A.3: Material constants
E, K’ n' oy C m AKo Kiim r* (mm)
Young's Cyclic Cyclic strain Yield mm/cycle Exp in (MPaVm) (MPaVm) distance
Modulus strength hardening stress Coeffin da/dN Initial Limit K - to from
(GPa) coefficient exponent (MPa) da/dN egn eqn baseline AK terminate crack tip
(MPa) for load test
shedding
Table A.4: Test conditions:
Test# | Environment Temperature Pressure Prmax Overload Baseline
(kN) frequency frequency or
rate (Hz or
kN/s)
1 0.1 100 Hz
2
3

Test procedure to characterize intrinsic threshold stress intensity range.
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Table A.5: Summary of test results. Percentage overload values and their sequence in the test process are
recommended values. Variation in their values and sequence is not known to affect either the
trend or quality of correlation of end results

Speci- | %- Equi- Equi-

No men age Rov Cycle Crack Kov Kun Kmax AKin,i o* Ac valent valent
/ Test | Over- count Size MPaVm | MPaVm | MPaVm | MPaym | MPa MPa Kmax,eq Req
No load (mm) MPaVm

01 0 0.1

02 30 0.1

03 30 0.4

04 30 0.5

05 30 0.6

06 30 0.7

07 45 0.1

08 45 0.4

09 45 0.5

10 45 0.6

11 45 0.7

12 60 0.1

13 60 0.4

14 60 0.5

15 60 0.6

16 60 0.7

17 60 0.6

18 60 0.5

19 60 0.4

20 60 0.1

21 45 0.7

22 45 0.6

23 45 0.5

24 45 0.4

25 45 0.1

26 30 0.7

27 30 0.6

28 30 0.5

29 30 0.4

30 30 0.1

31 0 0.1
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Examples and Applications
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B.1.0 Example of execution of test procedure on 100 mm wide and 15 mm thick C(T) coupon
cut from a naval steel [11.6].

B.1.1 Table B.1 summarises test results from test.

Table B.1  Summary of test results obtained on single 100 mm wide C(T) test coupon cut from
on 15 mm thick naval steel. r* = 0.01 mm

Speci- | %- Equi- Equi-
No | men age Rov Cycle Crack Kov Kun Kmax AKin,i o* Ao valent valent

/ Test | Over- count Size MPaVm | MPaVm | MPaVm | MPaym | MPa MPa Kmax,eq Req

No load (mm) MPaym
01 1 0 0.10 5208719 | 22.731 11.69 1.17 11.69 1.87 517.2 236.2 11.69 0.84
02 0 0.10 8558875 | 24.768 12.36 1.24 12.36 1.96 516.6 246.8 12.35 0.84
03 30 0.59 | 10629077 | 26.515 16.86 10.01 12.97 2.96 -35.3 373.4 2.68 -0.10
04 30 0.08 | 13695284 | 28.646 17.82 1.37 13.71 2.18 310.4 274.4 5.34 0.59
05 40 0.53 | 16165497 | 30.18 20.01 10.66 14.29 3.63 -236.7 458.0 1.75 -1.07
06 40 0.07 | 19341554 | 32.416 21.18 1.51 15.13 2.18 296.8 275.0 5.11 0.57
07 50 0.46 | 21885671 | 33.427 23.28 10.61 15.52 4.91 -382.1 618.4 1.87 -1.62
08 50 0.07 | 24779768 | 35.517 24.57 1.64 16.38 2.41 252.8 304.4 4.87 0.50
09 60 0.40 | 27241879 | 36.145 26.62 10.64 16.63 5.99 -461.1 753.3 2.32 -1.59
10 60 0.06 | 30535992 | 38.135 28.03 1.75 17.52 241 233.7 303.5 4.58 0.47
11 50 0.46 | 33048106 | 38.911 26.83 12.47 17.89 5.42 -414.4 682.4 2.13 -1.55
12 50 0.07 | 36192213 | 41.149 28.44 1.90 18.96 2.18 344.1 275.3 6.08 0.64
13 40 0.53 | 38086291 | 42.284 27.42 14.65 19.58 4.93 -356.5 621.8 2.10 -1.34
14 40 0.07 | 41210400 | 44.612 29.21 2.09 20.86 2.19 419.2 276.8 8.62 0.75
15 30 0.63 | 43034478 | 46.13 28.30 17.73 21.77 4.04 -251.0 509.7 2.05 -0.97
16 30 0.08 | 46040583 | 48.524 30.35 2.33 23.35 1.99 514.3 250.6 12.46 0.84
17 0 0.10 | 48912681 | 51.158 25.37 2.54 25.37 2.01 637.7 253.9 25.36 0.92
18 0 0.10 | 51722779 | 53.429 27.24 2.72 27.24 1.99 653.1 251.4 27.23 0.93
19 60 0.06 | 54698892 | 55.974 47.63 2.98 29.77 2.21 446.3 278.2 9.99 0.78
20 60 0.50 | 58511084 | 56.591 48.66 24.37 30.41 6.04 -506.4 758.3 2.00 -2.02
21 50 0.07 | 61635193 | 58.842 49.47 3.30 32.98 2.01 529.1 253.4 13.74 0.85
22 50 0.57 | 66515840 | 59.636 51.01 29.08 34.01 4.93 -460.0 620.9 1.28 -2.86
23 40 0.07 | 69271935 | 61.989 52.42 3.74 37.44 2.27 555.6 285.8 19.16 0.88
24 40 0.62 | 74284152 | 62.823 54.21 33.77 38.72 4.95 -421.7 623.9 1.60 -2.09
25 30 0.08 | 76840239 | 65.219 55.94 4.30 43.03 2.28 612.0 288.2 26.59 0.91
26 30 0.69 | 82007063 | 66.295 58.87 40.76 45.29 4.53 -359.1 570.5 1.68 -1.70
27 20 0.08 | 84397144 | 68.58 60.83 5.07 50.69 2.31 671.6 291.0 37.24 0.94
28 20 0.78 | 89120757 | 70.006 65.43 50.77 54.52 3.75 -250.9 473.4 1.76 -1.13
29 0 0.10 | 91326832 | 72.241 61.59 6.16 61.59 2.32 768.2 293.3 61.59 0.96
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B.1.2 Fig. B.1 provides a graphic summary of test results in Table B.1.

": DMR Steel #02: C(T) W100/B15 mm
$: 2 Bt ¥R ; A
3 3 e z 3 3

3

g

&
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w
AK & AK,,;, MPaym

Kmnxl Kmln & Kopl Mpa‘jm
8 &

10

(b) o

20 30 40 .50 60 70
Crack size, mm

FIG. B.1 Graphic summary of test results (a) Fracture surface scaled to fit crack size axis shown below in (b).
(b) Summary of test readouts leading up to results in Table B.1. Boxed data show percentage
overload ratio. ‘U’ designates Roy. Shaded area reflects variation in AKi; readouts (against right
axis) with dark band illustrating variation in lowest AKi readouts. Continuous lines show variation
in Kmax and Kmin With crack size. Dotted red line shows variation in AK (against right axis) with crack
size. Dotted black line shows variation in Ko, measured using 1% offset method per ASTM E647

B.1.3 Selection of r*. Fig. B.2 presents 4K, readouts from the test plotted against o* computed
using four different values of r* per Section 9.11 and egs.4 — 7. This figure illustrates the
iterative process to select r* that provides the best correlation of the AKin,j versus o*

relationship.
6 .. r* = 0.005 mm 6 % r¥=0.01mm
e
DMR Steel
5 51 ese
- | e €(T) W100/B15 mm
4 ) 4 } Without side grooves
o [ 4 *
3 ® 3 ®
L) ® @ [ @® e
E 2 b 1 2 | ® o 209
< e [ (b)
L T - NP EEPIS EPRRS 1
= -600 -300 0 300 600 9200 -600 -300 0 300 600 900
j 6| oo 6 eoe
< [ ] il [ ]
5 ® @ r*=0.02mm 5 e @r*=0.03mm
[ ] - [ ]
L ] E
4 % 4 [ ° ..
3 ® 3} ®
o [ @®
2 L) “..%. 2 | @e ...‘. °®
(c)  (d)
1 1

-600 -300 0 300 600 900 -600 -300 0 300 600 900

Near-Tip Residual Stress, c*, MPa

FIG. B.2 AKg, data from Table B.1 plotted against o*. Effect of r* on correlation of AKw,i against o*.
Evidently, use of r*=0.01 mm as in (b) results in best quality of correlation and may be adopted
for purpose of application
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B.1.4 Application of procedure to derive relationships describing the effect of applied
stress ratio on AKi. Fig. B.3a describes results obtained by applying Section 9.12 to convert
AKw,i readouts data in Table B.1 into AKi,i (AKtw) versus applied stress ratio for a crack-like
defect responding to the entire applied load cycle (no wake contact even under compressive
cycling). Fig. B.3b describes results obtained by applying Section 9.15 to convert AKi,i readouts
data in Table B.1 into AK versus applied stress ratio for a crack exhibiting plasticity induced
crack closure (PICC) under plane strain conditions. As indicated by arrow, in the presence of
closure, 4K exhibits an almost four-fold increase.

4.0 F

3.0

AKy,, MPaVm

1.0

—
Crack like defect responding to
entire applied load cycle (zero
closure)

I DMR Steel
C(T) W100/B15 mm

AK,, MPaVm

12.0
11.0
10.0

9.0 |
8.0 |
70 |
6.0 |
50 |
a0 |
30 |

2.0

2O
plasticity induced
closure (PICC)

| DMR steel
[ ¢(T) W100/B15 mm

Long crack exhibiting

crack

|

1.0 |

0.0

0.0
-4.0 -2.0 -L.0

(a) (b) Stress Ratio, R
FIG. B.3 4K, (or, AKw) versus applied stress ratio for crack like defect responding to entire applied load
cycle (from Table B.1 for R > -1.5). (b) Same data translated to threshold conditions applicable to
long crack subject to plasticity induced crack closure of the same proportion as seen in a long crack
under plane strain conditions under increasing 4K, or, after compression pre-cracking, or in case of
cyclic R-curve testing. (Sop/Smax Versus R after J.C. Newman). Note increase in 4Ky readout for same
point (arrow) caused by PICC.

-1.5 -1.0 -0.5 0.0

Stress Ratio, R

0.5 1.0

-3.0 0.0 10

B.1.5 Application of procedure to extract closure component Koqp (0r, AKci) in AKw readouts
obtained using conventional load shedding process per ASTM E647. Fig. B.4 describes results
of applying Section 9.14 on data obtained using test procedure (Fig. B2.b) to estimate closure
component in AKt readouts obtained on the same material using load shedding process per
ASTM E647 on similar test coupons [11.6].

7 7
' B DMR Steel: C(T) Lo
6 ® W100/B15 mm 6 ® @ -Regular
£ 5 © e 5 0 e © - Side grooved
—
S 4 8 o 4 ® e
s AK,or AK o ¢
Q"E 3 3
------ © .. ©
< 2 / ............................. §".°. 2 .......... O./ ................ o-
1 AKiri VS Kop /Kmax 1 Ak,
0 0
0.0 0.2 04 06 08 1.0 5 10 15 20
(a) (b) K,nay MPaVm

Stress Ratio, R

FIG. B.4 AKy, readouts plotted against (a) applied stress ratio and (b) Kmax, Obtained on specimens with and
without side grooves using load shedding technique per ASTM E647. Shown for comparison is dotted
line translated from AK,i versus R relationship shown in Fig. B3. The shaded area in (a) indicates
the extent of crack wake contact induced closure, leading to higher values of AK:, readouts. Note that
side grooving does not appear to significantly affect AK:, readouts, particularly at low and high
applied stress ratio.
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B.2.0 Application of test procedure to construct Kitagawa-Takahashi diagram

. . . . 40 50
Application of test procedure to construct Kitagawa-Takahashi TNV, CT) WO/BS mm
diagrams for different applied stress ratios *k e

L 0 Ky, left axis ‘? 2.0
.
ES 4
[Ti-6Al-4v | - . g [
Transformation of Goodman diagram 5:" L 508
(a) and AK,,; versus 6* relationship 500 ’{:“ Ny Lof
from test procedure (b) into fatigue 400 <10 R /i

limit, S, and AKy,; versus applied § 300 b

stress ratio (c) ~ o s . 13
oF200 i =,
5 = 10
100 500 0 1000
1000 1 0 ( b) Near tip residual stress, o*, MPa
Ti-BAI-LV (C) Stress Ratio, R
S, \\”\
(MPa)
500 T 5\ t Kitagawa-Takahashi diagrams may be used in fatigue design to assign
% { safe-life design stress levels given initial defect size. Initial defects do
‘o7 | not exhibit wake contact even in compressive cycling. This demands
0 ‘ the use of AKy values that reflect sensitivity to applied stress ratio in
0 500 1000 1500 the absence of closure
(a) Sy (MPa)
1000 4 5 < o
. Ti-6Al-4V R Below e{ certain crack size, fatigue limit, S,
MNite -1.0 determines allowable stress level. However,

beyond a certain initial defect size, allowable
stress must be determined from
considerations of Fracture Mechanics.
Note that with reducing applied stress ratio,
Fracture Mechanics based criteria come into
play at smaller defect size. This is so because
S5, below S initial defects do not close even in
fatigue limit @ sy compression.

Safe-Life Region Wee, The sensitivity of allowable fatigue stress to

100

10

Design Stress Amplitude, S, ;, MPa

Ow
4’9»,,,- applied stress ratio in the presence of initial
1 defectsis reflected in the AK, ; versus o*
0.001 0.01 0.1 1 10 relationship

Initial Defect Size, a;, mm

FIG. B.5 Example of application of the relationship between AKy; and o* to construct Kitagawa-Takahashi diagrams
for different applied stress ratio. Data for titanium alloy Ti-6AI-4V.

B.3.0 Application of test procedure in variable-amplitude fatigue research

It is well known that fatigue limit is sensitive to load history. Industrial notch fatigue analysis
software models this sensitivity by simulating the effect of load history on notch root mean stress.
In much the same manner, 4K, is also sensitive to load history. Sensitivity of near-threshold
fatigue crack growth to load history even at high stress ratio when closure is absent was
highlighted by early research [11.7].

The connection between load history and environment through near-tip residual stress in affecting
near-threshold crack growth was proposed in [11.8]. The 4K, versus o* relationship essentially
reflects this connection. o* is affected by near-tip stress-strain hysteresis that in turn is a ‘cycle-
sequence’ sensitive process. It does not require crack extension. A stationary crack can thus
exhibit varying resistance to the onset of threshold conditions for growth depending on the
sequence of loads experienced. Fractographic evidence confirming this possibility is described in
[11.9]. Fractographic evidence confirming the possibility of describing this effect through
computed variation of 4K, as a function of applied load history is described in [11.4, 11.10].

The 4K, versus o* relationship opens the possibility of improved modeling of load history
effects on early fatigue crack growth through techniques to account for near-tip stress response to
applied load history. For the case of simple overload-underload sequences eqs (4-7) may apply.
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Appendix C

ASTM E647 includes test procedure to determine, AK:». So, why a new test procedure to
determine the same material property?

Fatigue design involves loading conditions varying in applied stress ratio over a wide range, -1< R < 1. Fatigue
life is sensitive to applied stress ratio. So is Fatigue Limit. Fatigue limit varies significantly depending on
applied stress ratio. The relationship between the two obtained by prevailing standard practice such as ASTM
E466 serves as the input for Safe-Life design.

Practical applications often involve the onset of fatigue crack growth from initial defects under load conditions
involving a wide range of applied stress ratio. Such defects can be inherent, caused during manufacturing
process, or, during service, e.g., foreign object damage, etc. The resistance to onset of fatigue crack growth from
such defects is characterized by AKim. Obviously AKuw, like fatigue limit, will also be sensitive to applied stress
ratio, R. Besides, unlike long cracks, initial crack like defects will not see crack closure, which happens to be a
wake sensitive phenomenon. None of the available threshold test techniques including ASTM E647,
compression-compression pre-cracking and cyclic R-curve testing ensures closure-free conditions at threshold
over -1 <R < 1. Evidently, AKi readouts obtained using available techniques cannot be used for the case of
initial defects in the same manner as fatigue limit readouts are used in designing against fatigue. This is
because, there is no available technique to remove the closure component from a AKw readout.

How does this test procedure avoid crack closure at threshold?

Three factors enable avoidance of closure at threshold: (a) testing is performed at baseline Pmax = Const. As a
consequence, Kmax steadily increases with crack growth and, so does plastic zone size ahead of the crack tip, to
keep the crack open. (b) Kmax at threshold is sufficiently high to ensure high applied stress ratio and (c) Crack
wake is periodically ‘squeezed’ by applying an R = 0.1 cycle. At threshold, this is particularly effective because
crack extension is negligible by comparison to monotonic plastic zone size.

If applied stress ratio at threshold during the test is high, what is the basis to apply the 4K, readout obtained
to low stress ratio?

Experience shows, that 4K, is a unique function of a certain computed near tip stress, 6*. c*is controlled by
load history, including applied loading conditions. For the partial case of constant amplitude loading, ¢*, for an
initial defect will depend only on applied stress ratio. For this reason, AKm, for an initial defect will also be
uniquely dependent on o* as shown in figure. It follows from the schematic that under compressive applied
stress ratio, o* will turn more compressive, leading to increased AKih,:.

Kuv
K Kmax K K

Schematic of how load history
affects AK,, ;through c*

min
AN

Given the sole dependence of AK;;on
o*, overload-underload combinations
can be used to determine AK,,;foran
crack-like defect under constant
amplitude loading with any given
applied tension-compression stressratio
-1<R<1

I(min

max

()]

min

AN

w o Bow
e

AKyy;, MPaVm

R
2 [ @9

1

-600  -300 0 300 600 200
o*, MPa

From the illustration, it is obvious that 4Kz, will be sensitive to both applied stress ratio as well as to load
history. The relationship between 4K, and * may therefore serve as an important input in both Safe Life
design as well as quality assurance and non-destructive inspection for allowable defect size.
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Brief history of the science behind the test procedure

The effects on metal fatigue of load history have been known for a century [1]. However, the
specific reasons for these effects and therefore their correlation with applied loading parameters
remained unresolved for several decades. With the advent of Fracture Mechanics and the study of
fatigue crack growth, it soon became apparent that several mechanisms are involved in causing
acceleration and particularly, retardation in crack growth rate [2]. Early research [3] appeared to
point to near-tip residual stress as an actor, given significant retardation effects after periodic
overloads even at high stress ratio, where crack closure [4] ought to be either insignificant or
absent altogether. Indeed, both the Wheeler [5] and Willenborg [6] models were built on the
understanding that crack growth rate is sensitive to near-tip residual stress, that in turn is sensitive
to load history. However, there was no experimental test procedure to methodically characterize
the load history effect on near-tip residual stress in a manner that could feed into applications
supporting by analytical modeling.

In the meantime, enormous experimental and analytical research was invested over more than
three decades on the crack closure phenomenon, driven by the promise of explaining load history
effects through attenuation, by clipping, of crack tip response below a certain applied load level
[7]. Experimental evidence of crack closure is irrefutable [8, 9]. However, reproducible
measurements of crack closure under industrial laboratory conditions remain elusive. Thus, even
if analytical solutions to estimate closure may be claimed to ‘predict’ load history effects,
frustration with its reproducible measurement appears to have cast doubts, sometimes, even about
the very existence of the phenomenon [10, 11].

In a chance development, fractographic evidence from a fatigue failure obtained under high-R
programmed step loading showed clearly discernible sequence effect that did not seem to replicate
in internal interfacial cracking around secondary particulates in the same material [12]. As
internal cracking must have occurred in high vacuum, the question arose of whether environment
is involved. Follow-up high-R experiments on an Al-alloy at room temperature and on a nickel-
base superalloy at elevated temperature confirmed the disappearance of the load sequence effect
in high vacuum [13, 14]. They also revealed that this particular environment-related effect is
restricted to near-threshold fatigue. It disappears as growth rates approach the Paris Regime. And
obviously, it had nothing to do with crack closure as the tests were deliberately performed at
higher stress ratio. Clearly, near-tip residual stress was affecting near-threshold fatigue crack
growth. It was obvious, that closure-free threshold stress intensity is in some way related to a
certain near-tip residual stress. It remained to come up with a procedure to:

1. Reach threshold conditions while keeping closure either negligible or totally absent,

2. Determine threshold AK over a wide range of reproducible near-tip residual stress,
imposed by the only known means possible, i.e., through periodic overloads and
underloads, and

3. Come up with a definition of near-tip residual stress and equations describing it as a
function of applied load parameters expressed in terms of stress intensity factor

Application of the test procedure on a variety of materials confirms its ability [15-19] to
characterize the AKw i and o* relationship. The relationship quantifies the effect on near-threshold
fatigue crack growth rate of near-tip residual stress, that in turn, is sensitive to applied loading
parameters. Near-tip residual stress is the inevitable consequence of hysteretic stress-strain
response effect of an open fatigue crack tip. Obviously, the effect of load history on AKw,i is
different from its effect on crack closure, whose role is ‘mechanistic’ by nature — that of curtailing
crack tip response to applied loading. The two effects cannot be confused with each other. Neither
can one be ‘adjusted’ to account for the other. The test procedure described by this document is
restricted to characterization of the relationship between AKi,i and o*. However, given such a
relationship, the closure component in legacy AK data can be determined.

Test procedure to characterize intrinsic threshold stress intensity range. -23





InSIS

R
=

I
[
I

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gassner, E., “Strength Experiments Under Cyclic Loading in Aircraft Structures,” Luftwissen Vol.
6, 1939, pp. 61-64 (in German).

Schijve, J., “Effect of Load Sequences on Crack Propagation Under Random and Program
Loading,” Eng. Fracture Mech., Vol. 5, 1973, pp. 269-280.

Hopkins, W. W, Rau, C. A., Leverant, G. R., and Yuen, A., “Effect of Various Programmed
Overloads on the Threshold for High-Frequency Fatigue Crack Growth,” Fatigue Crack Growth
under Spectrum Loads, ASTM STP 595, ASTM International, West Conshohocken, PA, 1976, pp.
125-141

Elber, W., “The Significance of Fatigue Crack Closure,” ASTM Spec. Tech. Publ., Vol. 486, 1971,
pp. 230-242.

Wheeler, O. E., “Spectrum Loading and Crack Growth,” ASME J Basic Eng., Vol. 94, 1972, pp.
181-186.

Willenborg, J., Engle, R. H., and Wood, H. A., “A Crack Growth Retardation Model Based on
Effective Stress Concepts,” Report No. AFFDL-TM-71-1 FBR, WPAFB, OH, 1971.

Newman, J. C., A Crack-Closure Model for Predicting Fatigue Crack Growth Under Aircraft
Spectrum Loading. Methods and Models for Predicting Fatigue Crack Growth Under Random
Loading, ASTM Spec. Tech. Publ., J. B. Chang and C. M. Hudson, Eds., Vol. 748, 1981, pp. 53—
84.

Ashbaugh, N. E., Dattaguru, B., Khobaib, M., Nicholas, T., Prakash, R. V., Ramamurthy, T. S,
and Seshadri, B. R., “Experimental and Analytical Estimates of Fatigue Crack Closure in an
Aluminum—Copper Alloy. Part I. Laser Interferometry and electron Fractography,” Fatigue Fract.
Eng. Mater. Struct., Vol. 20(7), 1997, pp. 951-961.

Sunder, R., and Dash, P. K., “Measurement of Fatigue Crack Closure Through Electron
Microscopy,” Int. J. Fatigue, VVol. 4, April 1982, pp. 97-105.

Vasudevan, A.K., and Kujawski, D., Analyses of Kop relationship to Kmax,th, Engg Fract Mech,
245 (2021) 107561

Tong, J., Alshammrei, S., Lin, B., Wigger, T., Marrow, T., fatigue Crack Closure: A Myth or a
Misconception?, Fatigue Fract Eng Mater Struct, 42: (2019) 2747-2763

Sunder, R., Porter, W. J., and Ashbaugh, N. E., “Fatigue Voids and Their Significance,” Fatigue
Fract. Eng. Mater. Struct., Vol. 25, 2002, pp. 1015-1024.

Sunder, R., Porter, W. J., and Ashbaugh, N. E., “The Role of Air in Fatigue Load Interaction,
”Fatigue Fract. Eng. Mater. Struct., Vol. 26, 2003, pp. 1-16.

Ashbaugh, N. E., Porter, W. J., Rosenberger, A. H., and Sunder, R., “Environment-Related Load
History Effects in Elevated Temperature Fatigue of a Nickel-Base Super-Alloy,” Proceedings
Fatigue, Stockholm, Sweden, June 2-7, 2002, EMAS (2002).

Sunder R., Characterization of Threshold Stress Intensity as a Function of Near-Tip Residual
Stress: Theory, Experiment, and Applications, Materials Performance and Characterization (An
ASTM Journal), Vol 4, No 2, 2015, pp105-130.

Sunder, R., Ramesh, K., Gorunov, A., Intrinsic Threshold Stress Intensity of Additive
Manufactured Metals, in ASTM STP 1631, American Society for Testing and Materials, 2020, pp
188-202. http://doi.org/10.1520/STP163120190114

Sunder, R., Ramesh, K., Vishwas, C., Threshold Characterization to Support Residual Life
Estimates Under Variable-Amplitude Loading, Materials Performance and Characterization,
Journal of the American Society for Testing and Materials (2020) DOI: 10.1520/MPC20190223

Sunder, R., Raut, D., Jayaram, V., Kumar, P., Shastri, V., Near-Tip Residual Stress as an
Independent Load Interaction Mechanism., Int. J. Fatigue, Vol 151, Oct 2021, 106364

Sunder, R., Koraddi , R., and Chandra, V., Effect of Stress Ratio, Constraint and Load History on
Threshold Stress Intensity Range, Submitted to EFM, Apr 2022

Test procedure to characterize intrinsic threshold stress intensity range. -24



http://doi.org/10.1520/STP163120190114




image12.emf
Detail of  Proposal.pdf


Detail of Proposal.pdf
Part-1

Organization Type: Industry/Industry Association

1. Name of Proposer Vishwas C

2. EmailID vishwas@biss.in

3. Phone 9730848402

4, Address 497E, 14th Cross, 4th Phase, Peenya Industrial Area, Bengaluru-560058
Part-2

5. Proposed title of Standard

6. Aspect

7. Define subject of standard

8. Most Relevant Technical Department

Part-3

9. Scope of proposed standard

Standard Test Method to Characterize Intrinsic Threshold Stress Intensity Range

Methods of tests

Practical applications often involve the onset of fatigue crack growth from initial defects
under load conditions involving a wide range of applied stress ratio. Such defects can be
inherent, caused during manufacturing process, or, during service, e.g., foreign object
damage, etc. The resistance to onset of fatigue crack growth from such defects is
characterized by ?Kth. ?Kth corresponding to da/dN = 10-7 mm/cycle serves as the origin
of the da/dN versus stress intensity factor relationship. This material property determines
conditions for the onset of fatigue crack growth. It influences crack growth rate across the
near-threshold domain between 10-7 and 10-4 mm/cycle. The standard aims at the
determination of closure-free intrinsic threshold stress intensity factor range under
variable amplitude loading

MTD (Metallurgical Engineering Department)

« The test procedure is used to characterize the closure-free intrinsic threshold stress
intensity factor range (?Kth,i) of homogenous metallic specimens on the laboratory scale
« The test method involves the characterization of the intrinsic threshold stress intensity
factor range as a function of near-tip residual stress. Equations are provided to compute
near-tip residual stress as a function of applied loading conditions at threshold «
Procedure is describe to translate the relationship between the intrinsic threshold stress
intensity factor range and near-tip residual stress into one against applied constant
amplitude stress ratio at threshold. Further, the derived relation can be used to construct
the Kitagawa-Takahashi diagram « The test procedure is intended to serve as a guide for
FCGR testing, carried out in materials research and development, mechanical design.,
product performance, failure analysis, etc

1/4





10. Purpose and Justification

11. Likely users of standards and their inputs

12. Any related standards/series of standard/system
standard required to make this subject standard
complete

13. When the final standard would be required

14. Any specific problem being faced without this
standard

15. Bearing with Govt legislation regulation, etc
16. Name and address of manufacturers/
implementing/ industries/ purchasing organization

[component supplier/ raw material supplier, if any

17. Status of the industry in the country

18. Availability of test facilities in the country

« 7Kth determined using prevailing test practice are associated with load history effects
including uneven crack tip response over the applied load cycle caused by crack wake
contact. This is a deviation from condition involving with engineering applications that
involve increasing Kmax with crack size « The absence of reliable and reproducible
procedure to account for these effects comes in the way of research and engineering
application of ?Kth « The proposed procedure characterizes ?Kth under conditions like
those seen by pre-existing defects that are unlikely to see wake contact. This permits
estimates of service loading conditions for the onset of fatigue crack. Application of ?Kth
obtained using standard procedure threatens the prospect of unconservative estimates of
threshold conditions for crack extension « ?Kth,i versus ?*relationship improved
modelling of load history effect on fatigue crack growth techniques to account for near-
tip stress response to R-ratio and load history

Designers of machine elements and structures for Safe-Life, researchers of near-threshold
fatigue crack growth, type certifying agencies for industrial use of new materials in safety
critical applications, input quality control in manufacturing of safety critical components,
failure analysis

« ASTM E4 Practices for Force Verification of Testing Machines « ASTM E6 Terminology
Relating to Methods of Mechanical Testing « ASTM E467 Practice for Verification of
Constant Amplitude Dynamic Forces in an Axial Fatigue Testing System « ASTM E606
Practice for Low-cycle Fatigue Testing « ASTM E1012 Practice for Verification of Testing
Frame and Specimen Alignment Under Tensile and Compressive Axial Force Application «
ASTM E1820 Test Method for Measurement of Fracture Toughness « ASTM E1823
Terminology Relating to Fatigue and Fracture Testing « ASTM E647 Standard Test Method
for Measurement of Fatigue Crack Growth Rates

31-12-2023

The resistance to onset of fatigue crack growth from initial defect under loading
conditions, involving a wide range of applied stress ratio is characterized by ?Kth. ?Kth,
like fatigue limit, is sensitive to applied stress ratio. Unlike long cracks, initial crack like
defects will not see crack closure which happens to be a wake sensitive phenomenon.
None of the prevailing threshold test techniques ensures closure-free conditions at
threshold over -1 <R < 1. Evidently, ?Kth readouts obtained using available techniques
cannot be used for the case of initial defects in the same manner as fatigue limit readouts
are used in designing against fatigue. This is because, there is no available technique to
remove the closure component from a ?Kth readout. But the proposed testing procedure
ensures closure free threshold and considers the load sequence effects that occur during
service loading conditions. An accurate determination of the ?Kth,i gives reliable residual
life estimates

NA

ITW India Private Limited - BISS Division 497E, 14th Cross, 4th Phase, Peenya Industrial
Area, Bengaluru-560058

Indian industry is involved with the development, manufacture and supply of a wide
range of safety critical products in the aerospace, nuclear and thermal power, naval,
railway, automotive and other industries. All these and other industries carry the
responsibility to supply products that will not see premature catastrophic failure in
routine service usage. Their ability to do is hampered by the unconservative nature of ?
Kth readouts obtained by available standard test procedure. Availability of material
property characterized by the proposed test procedure will contribute to improved
capability of industry to exercise this responsibility.

Computer controlled servo-hydraulic test systems are widely employed by existing test

facilities across the country. Implementation of the proposed test procedure requires
installation of the required application software on existing facilities
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transfer, technology upgradation, protection of
environment & other National priorities

20. Whether subject requires consideration to be given
to women/girlissues in line with Sustainable Goal 5 of
the UN. If so, whether the issues are proposed to be
addressed suitably in the proposed standard

21. Relevant supportive document (download docs)

22. R&D work done in india

23. Any foreign collaboration (give details)

24, Liaison with any organisation(s)

25.A. Preparatory work

25.B. Preparatory work (Details)

26. Whether this project can be funded by your
organization

27. Whether your organisation would be interested to
opt for BIS Standard Mark once the standard is

published?

28. Any Other Attachment (extra)

« Implementation of this test procedure requires availability of requisite instrumentation
for crack size measurement and real-time application software to implement the
specified test algorithm that demands software programmable variation in applied
loading conditions in terms of magnitude, waveform, sequence and test frequency.  The
test procedure is described in sufficient detail for use on standard compact tension
specimens. Given the nature of the ?Kth,i versus ?* relationship, the procedure may be
applied to other specimen geometries, provided the requisite instrumentation and
software resources are available for automated crack size measurement and applied
cyclic load variation in the course of testing.

NA

1. Attachment &,

« Sunder R., Characterization of Threshold Stress Intensity as a Function of Near-Tip
Residual Stress: Theory, Experiment, and Applications, Materials Performance and
Characterization (An ASTM Journal), Vol 4, No 2, 2015, pp105-130. « Sunder, R., Ramesh,
K., Gorunov, A., Intrinsic Threshold Stress Intensity of Additive Manufactured Metals, in
ASTM STP 1631, American Society for Testing and Materials, 2020, pp 188-202.
http://doi.org/10.1520/STP163120190114 - Sunder, R., Ramesh, K., Vishwas, C., Threshold
Characterization to Support Residual Life Estimates Under Variable-Amplitude Loading,
Materials Performance and Characterization, Journal of the American Society for Testing
and Materials (2020) DOI: 10.1520/MPC20190223 « Sunder, R., Raut, D., Jayaram, V.,
Kumar, P., Shastri, V., Near-Tip Residual Stress as an Independent Load Interaction
Mechanism., Int. J. Fatigue, Vol 151, Oct 2021, 106364 « Sunder, R., Koraddi, R., and
Chandra, V., Effect of Stress Ratio, Constraint and Load H

Background research was performed with colleagues at Indian Institute of Science, US Air
Force Laboratory, Russian Academy of Sciences and Volgograd State Technical University.
« Sunder, R., Ramesh, K., Gorunov, A., Intrinsic Threshold Stress Intensity of Additive
Manufactured Metals, in ASTM STP 1631, American Society for Testing and Materials,
2020, pp 188-202. http://doi.org/10.1520/STP163120190114 « Sunder, R., Raut, D.,
Jayaram, V., Kumar, P., Shastri, V., Near-Tip Residual Stress as an Independent Load
Interaction Mechanism., Int. J. Fatigue, Vol 151, Oct 2021, 106364 » Sunder R et al.
Combined action of crack closure and residual stress under periodic overloads: A
fractographic analysis. Int J Fatigue (2015),
http://dx.doi.org/10.1016/j.ijfatigue.2015.09.025

Indian Structural Integrity Society, Indian Institute of Science, Defence Metallurgical
Research Laboratory, American Society for Testing and Materials

draft attached

This is a draft document describing a laboratory test procedure to characterize the
relationship between intrinsic threshold stress intensity factor range and computed near-
tip residual stress.

Attachment ¥,

BISS Labs has absorbed all the expenditure towards R&D related to this test procedure.

YES

Introduction to Proposed New Test Procedure To Characterize ?Kth
1. Attachment &
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1. Title of standard
Standard Test Method to Characterize Intrinsic Threshold Stress Intensity Range

2. Subject of standard

Practical applications often involve the onset of fatigue crack growth from initial defects under
load conditions involving a wide range of applied stress ratio. Such defects can be inherent,
caused during manufacturing process, or, during service, e.g., foreign object damage, etc. The
resistance to onset of fatigue crack growth from such defects is characterized by AKi. AKin
corresponding to da/dN = 107 mm/cycle serves as the origin of the da/dN versus stress
intensity factor relationship. This material property determines conditions for the onset of
fatigue crack growth. It influences crack growth rate across the near-threshold domain
between 107 and 10* mm/cycle. The standard aims at the determination of closure-free
intrinsic threshold stress intensity factor range under variable amplitude loading

3. Scope of proposed standard

The test procedure is used to characterize the closure-free intrinsic threshold stress
intensity factor range of homogenous metallic specimens on the laboratory scale. The
applied threshold cyclic loading condition is expressed in terms of intrinsic threshold
stress intensity factor range, AKin,i

The test method involves the characterization of the intrinsic threshold stress
intensity factor range as a function of near-tip residual stress. Equations are provided
to compute near-tip residual stress as a function of applied loading conditions at
threshold

Procedure is describe to translate the relationship between the intrinsic threshold
stress intensity factor range and near-tip residual stress into one against applied
constant amplitude stress ratio at threshold. Further, the derived relation can be used
to construct the Kitagawa-Takahashi diagram.

The test procedure is intended to serve as a guide for fatigue crack growth rate
testing, carried out in materials research and development, mechanical design,
process and quality control, product performance, failure analysis, etc

4. Purpose and justification

MKy determined using standard testing practice per ASTM E647-15 as well as those
determined using alternate techniques such as compressive pre-cracking and cyclic R-
curve testing are associated with indeterminate load history effects including uneven
crack tip response over the applied load cycle caused by various forms of crack wake
contact. This by itself, is a deviation from conditions associated with expected
engineering applications that typically involve increasing stress intensity with crack
extension. The absence of reliable and reproducible procedures to measure the
magnitude of these effects comes in the way of both research and engineering
application of AK,

The proposed test procedure characterizes AKsw, under conditions analogous to those
seen by pre-existing defects that are unlikely to see wake contact even under
compressive loading. This permits conservative estimates of service loading
conditions for the onset of fatigue crack extension. Application of AK, obtained using
available standard procedure threatens the prospect of unconservative estimates of
threshold conditions for crack extension and associated estimates of safe-life





The AKw; versus near tip residual stress (o*) relationship opens the possibility of
improved modelling of load history effects on early fatigue crack growth through
techniques to account for near-tip stress response to applied stress ratio and load
history

5. Likely users of standards
Designers of machine elements and structures for Safe-Life, researchers of near-threshold
fatigue crack growth, type certifying agencies for industrial use of new materials in safety
critical applications, input quality control in manufacturing of safety critical components,
failure analysis

6. Specific problem being faced without this standard

An accurate determination of the intrinsic threshold stress intensity factor range gives
reliable residual life estimates. The proposed test procedure determines a closure-
free intrinsic threshold stress intensity factor range and considers the load sequence
effects that occur during service loading conditions. The existing standard gives
exaggerated estimates of threshold stress intensity factor owing to the increased
extent of crack closure, particularly at low-stress ratios. Additionally, it does not
account for load sequence effects

Practical applications often involve the onset of fatigue crack growth from initial
defects under load conditions involving a wide range of applied stress ratio. Such
defects can be inherent, caused during manufacturing process, or, during service, e.g.,
foreign object damage, etc. The resistance to onset of fatigue crack growth from such
defects is characterized by AKw. AKw, like fatigue limit, will also be sensitive to applied
stress ratio, R. Besides, unlike long cracks, initial crack like defects will not see crack
closure, which happens to be a wake sensitive phenomenon. None of the available
threshold test techniques including ASTM E647, compression-compression pre-
cracking and cyclic R-curve testing ensures closure-free conditions at threshold over -
1 <R < 1. Evidently, AKi readouts obtained using available techniques cannot be used
for the case of initial defects in the same manner as fatigue limit readouts are used in
designing against fatigue. This is because, there is no available technique to remove
the closure component from a AK:, readout. But the proposed testing procedure
ensures closure free threshold
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Introduction to Proposed New Test Procedure To Characterize 4Kt

A key material property used in fatigue design is fatigue limit, the stress amplitude
associated with fatigue life exceeding ten million cycles. It is well known that fatigue
limit varies significantly, depending on applied stress ratio. Another key material
property, threshold stress intensity range, AK:, defines AK associated with fatigue
crack growth rate, da/dN not exceeding one mm over ten million cycles. Like fatigue
limit, AK: also varies significantly with applied stress ratio.

Demands on structural integrity of safety critical components and structural
elements include the requirement of ‘On-Condition Maintenance’, i.e., the ability to
monitor their condition through periodic inspections. The economics as well as
reliability of inspections are determined by their periodicity and this in turn is
determined by fracture mechanics considerations of applicable defect size and AKih.

None of the available standard test techniques to determine AK: are suitable for use
in assessing conditions for the onset of fatigue crack growth from initial defects
under service conditions, i.e., for Safe-Life design of fatigue critical components. This
is so because prevailing standard test procedures involve reduction of applied
maximum load with crack extension. This leads to inevitable development of crack
wake contact and associated partial closure of the fatigue crack even under tensile
loading, except perhaps, at very high applied stress ratio. As a consequence, AK:n
readouts obtained at lower stress ratio can be exaggerated by comparison to what
may apply to an initial crack-like defect that will not see closure even under
compressive loading. Obviously, the use of exaggerated AK: readouts obtained by
conventional testing practice renders Safe-Life design unconservative.

The proposed testing practice ensures the absence of crack closure at threshold. The
unique relationship between AKw and 6* obtained in the process can be transformed
into the relationship between closure-free 4K and applied stress ratio. This
relationship is suitable for engineering application in Safe-Life design.

The relationship between AK:» and stress ratio obtained using the proposed testing
practice may be used in combination with the relationship between fatigue limit and
applied stress ratio to construct the well-known Kitagawa-Takahashi diagrams for
any given applied stress ratio in the range -1 < R < 1. Finally, just as local mean stress
variation is modeled in notch fatigue analysis to account for load history effects, the
relationship between 4K and 6* obtained by the proposed test practice can be used
to model the effect of load history on 4K and also near-threshold fatigue crack
growth.

Obviously, the proposed testing practice assists in determining a vital material
property required for design against the onset of fatigue crack growth. It is proposed
to conduct an Inter Laboratory Study to confirm reproducibility of test data obtained
using the draft document describing the test procedure. This is essential to put it up
for adoption as standard practice.
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Proposal Details

Part-1
Organization Type: R&D/Scientific/Academia

1. Name of Proposer

2. EmailID

3. Phone

4, Address

Part - 2

5. Proposed title of Standard
6. Aspect

7. Define subject of standard

8. Most Relevant Technical Department

Part-3

9. Scope of proposed standard

Additive Manufacturing Research Laboratory IITJ

2018rme0041@iitjammu.ac.in

9041137539

[IT Jammu, Jagti campus, Jammu

Anisotropicyielding performance

Methods of tests

The standard techniques for metallurgical testing require a precise level of sample
preparation and involve a destructive method of testing or expensive machinery to
incorporate coupon level samples. The obtained results from these coupon level
samples are then to be extrapolated to the component level. In order to obtain data
representative of anisotropic behaviour of the component, electron microscope are
required which provide results at the micro-level. Yielding behaviour is one of the most
widely accepted basis for characterising the mechanical anisotropy. The most tranquil
way to estimate anisotropy in the material is by using a Knoop hardness tester. The
resultant data from this practise provides the qualitative idea of anisotropyin the
componentvia theyield locus. The variation in the yield loci is generally attributed to
different types of crystallographic texture in the material. This is suitable for aerospace
components manufactured through additive manufacturing route.

MTD (Metallurgical Engineering Department)

The standard techniques for metallurgical testing require a precise level of sample
preparation and involve a destructive method of testing or expensive machinery to
incorporate coupon level samples. The obtained results from these coupon level
samples are then to be extrapolated to the component level. In order to obtain data
representative of anisotropic behaviour of the component, electron microscope are
required which provide results at the micro-level. Yielding behaviour is one of the most
widely accepted basis for characterising the mechanical anisotropy. The most tranquil
way to estimate anisotropy in the material is by using a Knoop hardness tester. The
resultant data from this practise provides the qualitative idea of anisotropy in the
componentvia theyield locus. The variation in the yield loci is generally attributed to
different types of crystallographic texture in the material. This is suitable for aerospace
components manufactured through additive manufacturing route.

https://w w w .services.bis.gov.in/php/BIS_2.0/bisconnect/new _proposal/New _proposal/proposaldetails/Mzky
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10. Purpose and Justification

11. Likely users of standards and their inputs

12. Any related standards/series of standard/system
standard required to make this subject standard
complete

13. When the final standard would be required

14. Any specific problem being faced without this
standard

15. Bearing with Govt legislation regulation, etc

16. Name and address of manufacturers/ implementing/
industries/ purchasing organization /component
supplier/ raw material supplier, if any

17. Status of the industry in the country

18. Availability of test facilities in the country
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20. Whether subject requires consideration to be given
to women/girl issues in line with Sustainable Goal 5 of
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addressed suitably in the proposed standard

21. Relevant supportive document (download docs)

Proposal Details

When the additive manufacturing route is followed, a large degree of anisotropy is
obtained in mechanical properties due to strong crystallographic texture developed due
to the complex thermal nature of the additive manufacturing process. If directionality in
the properties is required for the service performance in a particular orientation, such
anisotropy may be deemed beneficial. However, the component may also fail
catastrophically in an unfavourable direction. The additive manufacturing techniques
are utilised to fabricate complex geometrical structures, it becomes difficult to analyse
and extrapolate the results obtained at coupon level for such complex geometries.
Therefore, an indentation based method of property evaluation becomes usefulin
incorporating the flexibility of evaluation combined with ability to be performed on
various geometrical surfaces for example varying geometry of a turbine blade
incorporating in the geometry a combination of thick-thin structures.

The likely users of this standard could be in the academia and aerospace industries
which involve the manufacturing of complex geometries and components with
combination of varying geometries. Academia could efficiently use the procedure to
analyze the effectiveness of the processing route, post-processing thermal treatments,
etc. which would reduce the cost of testing.

ISO 4545-1:2017,1S0 17296-3:2014

06-03-2023

Yes, lots of problems are being faced in the absence of such standards. The proposed
standard aids in giving out a comprehensive report of the yielding behaviour of the
component along with the isotropic behaviour. This becomes useful in analyzing the
viability of the solution heat treatment on the given additively manufactured component.
Due to the ease of analysis available via the application of indenter based measurement
technique, complex components with varying geometries can be tested in non-
destructive manner. This procedure therefore gives in the characteristic texture
evolution from the manufacturing route and also helps in identifying the effectiveness of
the heat treatment procedures on the metallurgy of the component.

Not clear

The components are being manufactured by all the leading aerospace organizations.
Manufacturers of components such as Gas Turbine Research Establishment (GTRE),
DRDO, Bangalore.

Developing with huge potential

The test could be performed by a small adjustments in the standard testing equipment
for small scale components. At a larger scale, handy equipment test setup could be setup
which would do the preliminary test data acquisition. The standard testing facilities are

available in all the Central technical institutions.

Technology upgradation

Not clear

relevant
1. Attachment &,
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22, R& D work donein india Yes

23. Any foreign collaboration (give details) None

24. Liaison with any organisation(s) Yes, the projectis in collaboration with GTRE, DRDO
25.A. Preparatory work Outline attached and draft can be prepared

25.B. Preparatory work (Details) An outline for the preparatory work is attached herewith.
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organization
27. Whether your organisation would be interested to Yes, would opt for BIS standard mark once the standard is published.
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published?
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Preparatory work

Subject

Texture develops in metallic materials as a result of manufacturing operations. The laser powder bed
fusion (LPBF) technique inherits a complex thermal cycle thus involving a complex thermal behaviour
causing directional solidification therefore leading to a high degree of texture. The presence of texture
in the material system is responsible for anisotropic properties in the component. Additively
manufactured super alloys finds various applications in aerospace components subjected to extreme
operating conditions. The presence of anisotropy in such high value components hamper the
performance of the system in high pressure and temperature conditions. Thus it becomes necessary to
identify the comprehensive anisotropic behaviour to understand the component performance in the end
application.

Scope

This standard covers method for the determination of anisotropy in additively manufactured
components and analyse the effect of post-fabrication homogenization thermal treatments on texture
and metallurgy.

Sampling

The metallurgical samples shall be prepared as prescribed in the relevant Indian Standard. The standard
is aimed parallelly to be used at the component level.

General requirements

1. The surfaces to be tested shall be smooth without any obvious scratch or crack.

2. The metallurgical samples shall be polished to clearly identify the indentation marks on the
surface.

3. The number of readings shall be increased if the variation in results increases in order to
improve the effectiveness of calculations.

Test procedure

1. The prepared metallurgical sample should be placed flat on the micro-hardness tester.
2. Select a suitable load depending on the material of the component for the evaluation of KHN.
3. Calculate the KHN hardness number for different orientations as shown in figure below.

< 0. " s

¥ BD f <> >e “<>

support structures

=

Figure 1: A 3D representation of BD (build direction), ND (normal direction) and TD (transverse
direction) in the printed samples with orientations of Knoop indentations.

4. Using the KHN values calculate the ox and oy values and generate the yield locus plots in
various conditions.





Calculation

1.

2.

. . . . . d
The deformation of the material approaches plain strain condition when ;W = a under a

&

Knoop indenter. For different orientations, calculate the different values of a.

_ﬁ_ (2+6)
a7 g, (26+1)
and,
ot o, _0a=9 - 6-1
b, CT@2+6) YT 1+ 26
_1 _1
ae—a—d,af—a—c

These a values in different orientations are then utilised to calculate the stress (o;) in different
orientations which enables the generation of yield locus.
0; = KHN(0? — 0,0, + af)_l/z

Using the procedure described above, ox and oy values are obtained which can be plotted to
generate the yield locus.

All the necessary references are in the supportive document uploaded.
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Anisotropic yielding performance of additively manufactured Inconel
718: Effect of thermal treatment

Abhishek Shrivastava®, Anand Kumar S.**, Samrat Rao? Nagesha B.K."”

2 Additive Manufacturing Research Laboratory, Department of Mechanical Engineering, IIT Jammu, Jammu, J&K 181221, India
b Gas Turbine Research Establishment, Defense Research and Development Organization, Bangalore-560093, India

ARTICLE INFO ABSTRACT

Article history:
Available online xxxx

Texture develops in metallic materials as a result of manufacturing operations. The laser powder bed
fusion (LPBF) technique involves complex thermal behaviour causing directional solidification thus lead-
ing to a high degree of texture. Additively manufactured Inconel 718 alloy finds various applications in

Keywords: aerospace components subjected to extreme operating conditions. Thus it becomes necessary to identify
Laser powder bed fusion (LPBF) the comprehensive anisotropic behaviour to understand the component’s performance in the end appli-
Inconel 718 cation. In this paper, the anisotropy of Inconel 718 alloy has been evaluated qualitatively using the Knoop
;lie:l; tlf)ecalgnem hardness test. The anisotropy of yield loci is reduced after heat treatment. The reduction in the area of the

Texture softening
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yield locus after thermal treatment symbolizes texture softening of the component.
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1. Introduction

Additive manufacturing is defined as a layer-by-layer joining
process that incorporates a three-dimensional CAD model as a dig-
ital information source for the geometry which is traced in a gen-
erative manner to create the part. [1,2]. However with the advent
of technology, the technique has improved significantly and is
now being employed on various materials such as metals, bio-
inks, polymers, cement, etc. In addition to the variety of materials
offered, the technique controls the metallurgical and mechanical
attributes depending upon the end application. The technique
has found a variety of applications in aerospace, automobile, med-
ical, defence, electronics, etc [3,4].

AM systems can be classified into various types depending upon
the energy source, build volume, feedstock material etc. The tech-
nique’s ability to form intricate and complex geometries finds its
great usefulness in the manufacturing of aerospace components
such as turbine blades, engine manifolds, fuel nozzles, combustion
chamber etc [5,6]. Metal additive manufacturing (MAM) involves a
high power heat source to create the metal parts layer-by-layer.
MAM systems can be classified into various types depending upon
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the energy source and feedstock material, such as laser powder bed
fusion (LPBF), directed energy deposition (DED), wire-arc additive
manufacturing (WAAM) etc. LPBF is a powder bed fusion process
in which a high-density-focused laser beam scans over a metal
powder bed selectively, stacking solidified layers upon each other
to build a fully functional 3D part [7-9].

Inconel 718 is a nickel-chromium super alloy exhibiting good
fatigue, wear resistance and high temperature properties such as
creep, making it suitable for aerospace, chemical, oil & gas indus-
tries. Inconel 718 is a precipitation-hardened alloy with vy’ and y”
as the strengthening phases. The alloy contains the & phase and
secondary carbides like M»3Cs and MgC [10,11]. Typically the
Inconel 718 super alloy has been developed and applied in
wrought, cast and powder metallurgy. With rapid modernization,
highly complex parts, high dimension precision and elevated
mechanical parts are on higher demand. To enhance the mechani-
cal properties of the Inconel 718 components and fabricate com-
plex shapes and features, the parts are being developed through
additive manufacturing processes|6,7,12,13].

Nickel-based super alloys typically have austenitic face-centred
cubic (FCC) crystal structure and therefore show a low degree of
anisotropy in their mechanical properties. However, when the
additive manufacturing route is followed, a large degree of aniso-
tropy is obtained in mechanical properties due to strong crystallo-
graphic texture developed due to the complex thermal nature of
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the additive manufacturing process. If directionality in the proper-
ties is required for the service performance in a particular orienta-
tion, such anisotropy may be deemed beneficial. However, the
component may also fail catastrophically in an unfavourable direc-
tion [14,15].

Yielding behaviour is one of the most widely accepted basis for
characterising the mechanical anisotropy. The yield criterion sum-
marises this yielding behaviour of the material. The nature of stress
applied defines the yielding mechanism and subsequent plastic
flow in a particular material [15]. Due to strong texture in addi-
tively manufactured samples, and the yielding of material would
be different in tensile and compressive loading conditions.

The most tranquil way to estimate anisotropy in the material
has been proposed by Wheeler and Ireland [16] using a Knoop
hardness tester. The asymmetric Knoop indenter reveals direc-
tional hardness efficiently as compared to other indenters. Other
indenters such as Vickers, Rockwell or Brinell are not so sensitive
to the degree of mechanical anisotropy because the indenters used
are highly symmetric. The Knoop hardness test employs a rhombo-
hedral shaped indenter with long and short diagonals of ratio 7:1.
The degree of variation in the Knoop hardness values KHN along
different sample orientations depends on the degree of texture in
the material [17]. The asymmetric nature of the Knoop indenter
bares directionality in hardness, revealing the anisotropic yielding
behaviour of the material. The yield surface of a material is repre-
sented by the octahedral plane by the locus of its deviatoric yield
stress for all principal stress ratios.

The application of Inconel 718 alloy in the aerospace industry
has been overtaken in specific crucial applications by additive
manufacturing. However, LPBF process induce crystallographic
texture in the material due to process characteristics. Hence it is
vital to understand the comprehensive anisotropic behaviour of
additively manufactured Inconel 718 to understand the behaviour.
In the present study, the effect of the LPBF process and the subse-
quent thermal treatment on the yield locus has been investigated
using Knoop hardness (KHN) test.

1.1. Anisotropic yield criterion

1.1.1. Von Mises yield criterion

The Von Mises yielding criteria appears as a circle when repre-
sented in principal-stress space on an octahedral plane. The Von
Mises yield function in a plane stress condition is written as:

1
Oy = \/j(aa —07)+ (69 - 0;) + (69 - 02)2 (1)
The plastic strains obtained are as follows:
€ 1
& =5 l0:=5(0, = 02) 2)
&=%5, L (5,~ o) 3)
0 O-y 2 0
=5, (0,0 @)
z O'y 2 0

where ggq represents the normalised equivalent plastic strain.

1.1.2. Hill'48 yield criterion

Hill derived an extension of the Von-Mises yield criteria for pla-
nar anisotropy. The Hill yield criterion is widely used to describe
planar anisotropic deformations in metals, polymers and compos-
ites. The yielding material response is expressed in plastic harden-
ing coefficient and tensile yield stress as elastic-plastic
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constitutive expression [14]. The expression for the Hill yield crite-
rion is as follows:

f(o) =Fa3, +Ga?, + H(o, — 0,)* + 2N, (5)

F, G, H and N are the anisotropic material coefficients. These
anisotropic coefficients are calculated by r- value based method
and are expressed as.

o (oo ()

_ r—O _ (r() + ng)(] + 2r45)
Fr)= (Tgo(l + T0)>N(r) - < 2r90(1 +19) ) ©)

The Knoop hardness indentation method cannot provide the
exact quantitative determination of the yield strength. The pres-
ence of anisotropy in the material can be determined qualitatively
based on these values. The KHN values (a-f) are graphically repre-
sented in Fig. 1. KHN flow surface for material is constructed from
the six KHN values obtained from the indentations made along
with two directions of each of the three orthogonal planes of the
material’s principal axis as shown in Fig. 2.

Each of these six KHN values (a-f) is located on the octahedral
plane. The deviatoric stress ratio (8) of 7:1 has been used to pro-
duce flow surfaces similar in shape to surfaces determined by
the standard method [15,17]. The deformation of the material
approaches plain strain condition when dd% = o under a Knoop

indenter. For different orientations the values of o will be different
as the shape of the locus is not too dependent on the degree of
anisotropy.

Lo, (2+9)
T (261 1)
and.
1 (-9 (-1
%= T 210 ™M T 1+ 20)
1 1
Y=t "% (7)

Therefore for plain strain conditions,

1/2
KHN ~ (af — 00, + 05) (8)

Oy

Fig. 1. Location of points a-f, corresponding to the six directions (a-f).
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Fig. 2. A 3D representation of BD (build direction), ND (normal direction) and TD
(transverse direction) in the printed samples with orientations of knop
indentations.

where g; represents the stress in one of the orientations, as shown
in Fig. 1, enabling the generation of yield locus.

2. Experimental procedure

Inconel 718 samples are manufactured using LPBF process. The
chemical composition of Inconel 718 is shown in Table 1. The LPBF
process parameters employed in the present work is shown in
Table 2. The as-printed samples were subjected to homogenization
heat treatment (1100 °C - 1 hr) followed by 15 min of furnace cool-
ing. The build platform material used during printing is EN24. The
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microstructure of the as-printed and heat-treated samples is

observed using a digital microscope (Olympus DSX510). The etch-

ant used for observing the microstructure is Glyceregia (15 ml
hydrochloric acid, 10 ml glycerol and 5 ml nitric acid).

The KHN was measured in the format shown in Fig. 1. The
micro-hardness was measured using the micro-hardness tester
(Innova Test Falcon 400). The load used was 100 gm with a dwell
time of 10 s. The KHN measurement was performed on the build
direction plane, normal plane and transverse plane. Texture mea-

surement was carried out on the middle section of the plane men-

tioned above. The yield surfaces of the material were determined

using Wheeler and Ireland approach [16].

3. Results and discussion

3.1. Microstructure

The microstructures of the as-printed and the heat-treated sam-
ples are shown in Fig. 3 in directions both parallel and perpendic-
ular to the build direction. Elongated grains are observed parallel
to the build direction whereas semi-circular melt pools are visible
in the direction perpendicular to the build direction in as-printed
samples. The as-printed sample is highly indicative of the LPBF

processing. The grain morphology shows a high degree of pattern-
ing based on the build orientation of the samples. Fig. 3(a) shows
the scan vectors on the surface of the as-printed samples whereas
the melt pools are visible in Fig. 3(b). The combination of fibre tex-
ture and columnar grain morphology results in anisotropic beha-
viour of the as-printed samples [18].

Table 1
Chemical composition of Inconel 718 powder.
Elements Ni Nb Al Ti Fe Cr Cu Mo Mn Si C
Wt% 53.3 4,98 0.56 0.94 18.5 19 0.04 3.03 0.1 0.1 0.034
Table 2

LPBF process parameters.

Parameter Laser power (W)

Scan speed (mm/s) Layer thickness (pm)

Values 200 W

700 mm/s 20 um

Fig. 3. Microstructure of the as-printed samples in directions ND and BD, respectively.
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Fig. 4. Microstructure of the heat-treated samples in directions ND and BD, respectively.

Table 3
Yield locus data determined from KHN values of as-printed samples.

Indentation orientation o = Gy/Ox With 6 = 7 [(1- o + o?)]'?

KHN at 100 gm

Stress in MPa Area of yield locus (MPa?)

Ox Gy
a 0.6 0.87 406.64 4585.194 2751.116 137.61 x 10°
b 1.67 145 401.5 2716.35 4528.1

c 0.67 1.45 603.62 —4083.8 2723.845

d 0.4 0.87 633.58 -7144.13 —2857.65

e 2.5 2.18 474.9 -2137.5 —5343.7

f 15 2.18 430.81 1938.652 —2907.88

Table 4
Yield locus data determined from KHN values of heat treated samples.

Indentation orientation o1 = Gy/oy with 6 = 7 [(1- o5 + o))"

KHN at 100 gm

Stress in MPa Area of yield locus (MPa?)

Ox Gy
a 0.6 0.87 316.28 3566.426 2139.855 57.79 x 10°®
b 1.67 1.45 473.5 3203.456 5340.172

c 0.67 1.45 505.3 —3418.59 2280.236

d 0.4 0.87 468.92 -5287.39 —2115.04

e 2.5 2.18 517.7 —2327.23 —-5818.11

f 1.5 2.18 432.84 1947.776 —2921.61

In the heat-treated samples, the degree of texturing visible has
reduced to an extent where the denominations of additive manu-
facturing have disappeared. The grain structure has a distinct dif-
ferentiation, as seen after heat treatment. This suggests that the
extent of anisotropy after heat treatment has decreased signifi-
cantly. The microstructure of the heat-treated samples in different
orientations is shown in Fig. 4. From the heat treated microstruc-
ture it is evident that visible features of anisotropy have faded
which can be ascribed to the recrystallization caused due to ther-
mal treatment [18]. The microstructure of the alloy shows that a
relatively homogeneous and irregular fine grain structure has
evolved.

3.2. Yield locus

Yield locus provides the qualitative idea of anisotropy in the
component. The intersection points on the abscissa and ordinate

axis provide, the o, and G, values for the tension and compression
loading. Yield locus plots require both tension and compression
strength data to qualify the degree and nature of predicted yield
behaviour. The shape of the yield loci indicates the presence of a
strong and similar texture in materials processed through this
route. A perfect ellipse yield locus suggests that the material is iso-
tropic, otherwise it shows anisotropy. The Knoop hardness inden-
tation method cannot provide the exact quantitative
determination of the yield strength. The presence of anisotropy
in the material can be determined qualitatively based on these val-
ues. The significant difference in the values of o, and oy in both
tension and compression indicates a high degree of anisotropy,
as shown in Table 3 and 4.

It is interesting to note in Fig. 5, that after heat treatment of the
Inconel 718 samples, the shape of the yield loci has changed signif-
icantly. This indicates the effect of heat treatment on the aniso-
tropy of the component. The shape of the yield locus generated
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Fig. 5. Yield locus of the Inconel 718 samples. (Both axes represent the stress in
MPa). AsP - As-printed; HT - heat treated.

from the present study signifies the presence of anisotropy based
on the deviation. The microstructure, as shown in Figs. 3 & 4 proves
the same as a distinct variation in the grain orientation is visible
due to heat treatment. The difference in the values of 6, and o,
in tension and compression also signifies a high degree of aniso-
tropy. Since the yield surfaces determined by the Knoop hardness
test provide qualitative trends like yielding [15]. The change in
the orientation of the ellipse also signifies the effect of heat treat-
ment on the textural changes in the component.

The area of the yield locus of heat-treated samples has reduced
significantly as compared to as-printed samples. A larger area of
the yield locus indicates the greater degree of anisotropy present
in the materials [19]. Suwas et-al. [17] and Ankamma et-al. [15],
also observed a similar variation in the yield locus for rolled
titanium-based and nickel-based alloys after heat treatment. The
area of the yield locus was reduced with an increase in the treat-
ment temperature. A decrease in the area of the yield locus plots
indicates texture softening, whereas the increase represents tex-
ture hardening [19,20]. The texture softening observed can be
ascribed to the realignment of the crystallographic plane as a result
of heat treatment.

4. Conclusions

Due to the inherent nature of the additive manufacturing tech-
nique involving complex thermal cycles, textured orientation of
the microstructure is obtained. It becomes necessary to maintain
isotropy in the component for rendering end-use applications.
Quantitative estimation of anisotropy in the material requires var-
ious testing; however, employing a Knoop indenter can perform a
qualitative estimation of the same.

e The yield loci plotted show the presence of anisotropy in the as-
printed samples. However, the shape of the yield locus changed
after heat treatment.

e A decrease in the area of the yield locus after heat treatment
signifies a decrease in the degree of anisotropy.

e The reduction in the yield locus area is also an indication of tex-
ture softening.

This shows that the homogenization treatment performed
reduces the anisotropy of the as-printed component. Since the
Knoop hardness test offers a qualitative estimation of the aniso-
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tropy further research is required to integrate various yield criteria,
expanding the understanding on additive manufacturing and the
use of material characterization techniques to quantify the results
experimentally.
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		A.4

		







* Note: According to “ISO/IEC Directives, Part 1, 2024”, 1.8.1 (see below.), Chair of subcommittee shall be nominated by the secretariat of the subcommittee. Therefore, Q.4 is included.

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

ISO/IEC Directives, Part 1, 2024

1.8  Chairs of technical committees and subcommittees

1.8.1  Appointment

(omission)

Chairs of subcommittees shall be nominated by the secretariat of the subcommittee and approved by the technical committee for a maximum period of 6 years or for such shorter period as may be appropriate. ･･･

----------------------------------------------------------------------------------------------------------------------------------------------
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ISO-TC 164_N712_Result of -Call for the Secretariat of ISO-TC 164-SC 3 Hardness testing”.pdf
ISO/TC 164 N 712

ISOITC 164 "Mechanical testing of metals"
Secretariat: JISC
Committee manager: Yoshida Hitoshi Mr

Result of "Call for the Secretariat of ISO/TC 164/SC 3 Hardness testing”

Document type Related content Document date Expected action

Meeting: Tsukuba (Japan) 20 Sep
Ballot / Result of 2024

voting Ballot: Call for the Secretariat of
ISO/TC 164/SC 3 (restricted access)

2024-07-21 INFO

Description
This document contains the result of "Call for the Secretariat of ISO/TC 164/SC 3 Hardness testing”.

As a result of the CIB, four P-members have offered to undertake the Secretariat of ISO/TC 164/SC
3.

Therefore, the final decision will be considered by the technical management board in the ISO Central
Secretariat in accordance with 1.9.4 in “ISO/IEC Directives, Part 1, 2024".

For more details, see next pages.



https://sd.iso.org/documents/open/0da1706e-ff93-42c6-bd58-5675ffb1cb1a

https://www.iso.org/sites/directives/current/consolidated/index.html

https://isotc.iso.org/livelink/eb3/part/cib/ballotAction.do?method=doView&id=492882

https://isotc.iso.org/livelink/eb3/part/cib/ballotAction.do?method=doView&id=492882

http://sd.iso.org/meetings/147282

http://sd.iso.org/meetings/147282



%so_ International Organization for Standardization ISO/TC 164 N 71 2
:_W_ Organisation Internationale de Normalisation DATE: 2024-07-21

Title: Mechanical testing of metals

Secretariat: JISC/JSA (Japan)

Japanese Standards Association (JSA)
System and International Standards Development Unit,
Secretariat of ISO/TC 164,

Mita Avanti.7F, 3-11-28 Mita, Minato-ku, Tokyo,
Email: isotc164-secretariat@jsa.or.jp

Result of “Call for the Secretariat of ISO/TC 164/SC 3 Hardness testing”

To the P-members of ISO/TC 164

The CIB on “Call for the Secretariat of ISO/TC 164/SC 3 Hardness testing” was

implemented from 2024-04-26 to 2024-07-19.

As aresult of the CIB, the following four P-members have offered to undertake the

Secretariat of ISO/TC 164/SC 3.

- China (SAC)

- India (BIS)

- Iran, Islamic Republic of (INSO)
- Russian Federation (GOST R)

Therefore, the final decision will be considered by the technical management board in
the ISO Central Secretariat in accordance with 1.9.4 in “ISO/IEC Directives, Part 1,

2024” (see Annex B).

- Annex A: Result of voting

- Annex B: 1.9.4 in “ISO/IEC Directives, Part 1, 2024

Sincerely Yours,

Dr. Masaaki TABUCHI
Chairperson of ISO/TC 164

Mr. Hitoshi YOSHIDA

Committee manager of ISO/TC 164, WG 1, WG 2, SC 2






Annex A

Ballot reference Call for the Secretariat of ISO/TC 164/SC 3
Ballot type CIB
Ballot title Call for the Secretariat of ISO/TC 164/SC 3

“Hardness testing”

Opening date 2024-04-26
Closing date 2024-07-19

N
ore For more details about this CIB, see ISO/TC 164

N706.

Votes cast (23) Austria (ASI)
Belgium (NBN)
Brazil (ABNT)
China (SAC)
France (AFNOR)
Germany (DIN)
India (BIS)
Iran, Islamic Republic of (INSO)
Italy (UNI)
Japan (JISC)
Kenya (KEBS)
Korea, Republic of (KATS)
Netherlands (NEN)
Pakistan (PSQCA)
Portugal (IPQ)
Russian Federation (GOST R)
South Africa (SABS)
Spain (UNE)
Sweden (SIS)
Switzerland (SNV)
Ukraine (SE UkrNDNC)
United Kingdom (BSI)
United States (ANSI)

Comments submitted (1) Australia (SA)
Votes not cast (0)






Q.1 "Are you willing to undertake the secretariat of ISO/TC 164/SC 3 “Hardness testing”?"

Austria (ASI) Abstain
Belgium (NBN) No
Brazil (ABNT) Abstain
China (SAC) Yes
France (AFNOR) No
Germany (DIN) No
India (BIS) Yes
Iran, Islamic Republic Yes

of (INSO)

Italy (UNI) No
Japan (JISC) No
Kenya (KEBS) No
Korea, Republic of Abstain
(KATS)

Netherlands (NEN) No
Pakistan (PSQCA) No
Portugal (IPQ) No
Russian Federation Yes
(GOST R)

South Africa (SABS) Abstain

Spain (UNE) Abstain
Sweden (SIS) No
Switzerland (SNV) No

Ukraine (SE UkrNDNC) | Abstain

United Kingdom (BSI) | Abstain

United States (ANSI) No

4x Yes China (SAC)
India (BIS)
Iran, Islamic Republic of (INSO)
Russian Federation (GOST R)

12 x No Belgium (NBN)
France (AFNOR)
Germany (DIN)






Italy (UNI)

Japan (JISC)

Kenya (KEBS)
Netherlands (NEN)
Pakistan (PSQCA)
Portugal (IPQ)
Sweden (SIS)
Switzerland (SNV)
United States (ANSI)

7x Abstain

Austria (ASI)

Brazil (ABNT)

Korea, Republic of (KATS)
South Africa (SABS)

Spain (UNE)

Ukraine (SE UkrNDNC)
United Kingdom (BSI)

Member: Comment:

Comment:

Australia (SA)

Comments from Voters

Comments from Commenters

Comment

2024-07-18
07:41:29

Abstention






Annex B

(Source: “ISO/IEC Directives, Part 1, 2024, 1.9.4)

194 Change of secretariat of a subcommittee
If a National Body wishes to relinquish the secretariat of a subcommittee, the National Body concerned
shall immediately inform the secretariat of the parent technical committee, giving a minimum of 12

months' notice.

If the secretariat of a subcommittee persistently fails to fulfil its responsibilities as set out in these
procedures, the Chief Executive Officer or a National Body may have the matter placed before the parent
technical committee, which may decide, by a majority vote of the P-members, that the secretariat of the

subcommittee should be re-allocated.

In either of the above cases an enquiry shall be made by the secretariat of the technical committee to
obtain offers from other P-members of the subcommittee for undertaking the secretariat.

If two or more National Bodies offer to undertake the secretariat of the same subcommittee or if, because
of the structure of the technical committee, the re-allocation of the secretariat is linked with the
re-allocation of the technical committee secretariat, the technical management board decides on the
re-allocation of the subcommittee secretariat. If only one offer is received, the parent technical committee
itself proceeds with the appointment.

Concerning the procedure to follow when the lead partner in a twinning arrangement for a subcommittee
secretariat wishes to relinquish the secretariat, see ST.5.7 Terminating a twinning arrangement of Annex

ST on the Twinning Policy.




https://www.iso.org/sites/directives/current/consolidated/index.html#_Toc165304976
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Hitoshi YOSHIDA mail.pdf
12/13/24, 5:29 PM Re: Request: Re-allocation of the secretariat of ISO/TC 164/SC 3 "Hardness testing" (No later than 2024-09-30) #2

Re: Request: Re-allocation of the secretariat of ISO/TC 164 /SC 3 "Hardness testing”
(No later than 2024-09-30) #2

ISO/TC 164 Secretariat <isotcl164-secretariat@jsa.or.jp>
Thu, 03 Oct 2024 7:20:23 PM +0530 *

To "mtd3" <mtd3@bis.gov.in>

Cc "HEAD MTD" <hmtd@bis.gov.in>, "MTD Metallurgy" <mtd@bis.gov.in>, "IRD BIS"
<ird@bis.gov.in>, "ISO/TC 164 Secretariat" <isotcl64-secretariat@jsa.or.jp>

Dear Dushyant Hawelikar,

Thank you for replying to the questions regarding re-allocation of the secretariat of ISO/TC
164/SC 3.

I've definitely received the following three files. I'll submit these responses to the ISO
Central Secretariat.

- Questions_regarding_re-allocation_of_the_secretariat_of_ISO_TC164_SC3_240901.docs
- Questions_regarding_re-allocation_of_the_secretariat_of_ISO_TC164_SC3_240901.pdf
- CV-Titus-BIS.pdf

Best regards,
Japanese Standards Association (JSA)
Hitoshi YOSHIDA (Mr)
Mita Avanti.7F, 3-11-28 Mita, Minato-ku,Tokyo 108-0073 Japan
E-mail:isotc164-secretariat@jsa.or.jp

2024F9H30H(B) 21:22 'MTDtcTHREE Metallurgical Engineering Department' via isotc164-
secretariat@jsa.or.jp <isotcl64-secretariat@jsa.or.jp>:

about:blank
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ISO-TC 164-SC 2_N959_New Work Item Proposal of -Metallic materials � Sheet and strip � Biaxial bulge test method for sheet metals- (2) (1) (2).pdf
ISO/TC 164/SC 2 N 959

ISOITC 164/SC 2 "Ductility testing”
Secretariat: JISC
Committee manager: Yoshida Hitoshi Mr

New Work Item Proposal of "Metallic materials — Sheet and strip — Biaxial
bulge test method for sheet metals™

Document type Related content Document date Expected action
Meeting / Meeting: Conshohocken (United

Presentation States) 29 Sep 2023 2023-09-15 INFO
Description

This new work item proposal will be discussed in the forthcoming SC 2 meeting (2023-09-29) in the
agenda item 16 (Items for future work).



https://sd.iso.org/documents/open/615e7abb-432a-4ebb-9f63-4d46d589ff57

http://sd.iso.org/meetings/126263

http://sd.iso.org/meetings/126263



September 29, 2023

1ISO TC164/SC2 proposal

Metallic materials — Sheet and strip —

Biaxial bulge test method
for sheet metals

Toshihiko Kuwabara (Tokyo Univ. Agriculture & Technology)
Susumu Takahashi (Nihon University)
Fumio Ono (Osaka Science & Technology Center)

Improving accuracy of forming simulation
= Accurate material model is necessary

http://www.jstamp.jp/products/nv/functi
on.html#ware

2






Yield surface in Oy, 0,y 0, Space

Oxy

\_

ISO 16842: 2021 Metallic materials —Sheet and strip —Biaxial tensile testing
method using a cruciform test piece

JIS Z 2257 Biaxial tensile testing method for sheet metals using a cruciform test piece

a < 0.08B :
|- Ly Slit by laser
|
v~ (0.358
%
i . —H T T
I —
4 Direction of
L : maximum stress
- 4= Maxi lastic strai
L>B aximum plastic strain
B ( ) < 0.002 ~ 0.05
Difficult to obtain stress-strain data
Stress measurement error ¢, < 0.02 for a larger strain range

Kuwabara, |keda, Kuroda: J. Material Process. Technol., 80/81(1998), 517-523.

Hanabusa, VY., et al., Steel Research Int., 81-9 (2010), 1376-1379.






Biaxial Bulge Test Method

Kuwabara, Ishiki, Kuroda, Takahashi (2003) Journal de Physique 1V, 105: 347-354.

Specimen fabrication
by laser welding

[

Hydraulic
Cy|inder Axial force

Oil pressure . |Pressure >

by booster P o, o,

Arbitrary biaxial stress state, (o, 0,), can be
applied to a test piece by servo-controlling

the axial force 71" and pressure P.

Scope

This document specifies the material test method (Biaxial
Bulge Test Method) for measuring

1 biaxial true stress—true strain curves,
U forming limit curve, and
0 forming limit stress curve

of a sheet metal by applying axial force and internal pressure

to a cylindrical test piece. The test piece is fabricated by
bending and welding the sheet metal. The ratio of the biaxial
stresses during the test may or may not be constant.






Recommended specimen geometry

C ¢ (Length of clamping
portion)

The reason for this
condition will be
explained later.

r |!I ) )
Q strain gauges

Q sph

(J'sp erometer ) DIC )






Stress calculation

Measured data
T Axial load

£, Circumferential strain

R, Bulge curvature
- /

t=t,exp(€, +&,)
D=D,exp(&,)

(

P Internal pressure
€, Axial strain Oy

O,

_ Pa(D/2—-1)*+T

7(D—1)t

_R,=0D-2) |
(2R, —1)t

_ D-1

2R, 1

Characteristics of
Biaxial Bulge Test Method
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Biaxial stress-strain curves (mild steel)

Kuwabara, T. and Sugawara, F., Int. J. Plasticity, 45 (2013), 103-118.

600 —
| SPCD Gx:ay:4:1 |
DCY_S / ——
= 400L < TN\
® 300 / ////\\\ q =
9 i
g 200 ( —— Cruciform
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— 100 \\i Tubulary
I ¥ C-)onn-e.cting po'intv I
0 . . . .
-0.2 -0.1 0.0 0.1 0.2 03 04 0.5

True plastic strain &°

11

Contours of equal plastic work (mild steel)

Kuwabara and Sugawara (2013) Int. J. Plasticity 45: 103-118.

ISO 16808

600 )
500 /V| )f y’ 88
‘/ ‘ / o 0.005
400 ) Proposed /v/‘ ® 0015
D { % / /\ 7 00035
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g v 0.
ISO 16842 . ¢ 046
100 H Q@ & 0.50
0 A ‘ .
0 100 200 300 400 500 600

o / MPa
X
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Specimens at forming limit (mild steel)

Kuwabara and Sugawara (2013) Int. J. Plasticity 45: 103-118.

o,:o0, 41 2:1 43 1:1 34 1:2 1:4

Fracture at weld line

1ISO 16808 O Strain is uniform in the circumferential direction.
d Influence of the weld line is negligibly small.

Forming limit curve/stress curve (PH590)

Hakoyama T, Kuwabara T (2015) In: Altenbach, H., Matsuda, T. and Okumura, D. (Eds.),
From Creep Damage Mechanics to Homogenization Methods. Springer, pp. 67-95.
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Differential hardening model

0 . : oy Forming limit stress curve
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Comparison of proposed and other test methods

: Accuracy in
Magmtu.de Stress ratio stes p(—?’[h small strain
of strain contro range
3/ 0|z0]| O
up to fracture - arb|trary controllable
proposed
VAN VZ Ol O
h p " “arbit controllable
SO 16842 | &< 0.05 arbitrary

ISO 16808

O

up to fracture

e

Ox = 0y

X

uncontrollable

O

| up to fracture )

0,

2 X

O,

not measurable

X

uncontrollable

X|D|O| D
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Bench Mark Tests

—Parameters affecting the performance of
the proposed test method—

16






Effect of strain measurement method on

the test results

Material: JSC590R (1.2-mm-thick precipitation hardening steel)

900 —————— 900 : : .
® .
D Strain DIC &
£ (‘ 1 1 gauges
= o m o 0002
© 600F 7 § a 600 ° o 0.02
@ N, = A 2 004
£ s | v v o008
R 7 ¢ o 0115
= il @ 4 4 016
F 9% g 30 > > 020
Strain gauges | | = (g o 0.24
——DIC * % 0285
O . . 1 . 1 ” 1 . 1 . 0
005 000 005 010 0.5 020 025 0 300 600 900
True plastic strain &° True stress o, /MPa
Stress-strain curves Contours of plastic work

U Independent of strain measurement methods

1 Reproducibility of the measurement is excellent.

Recommended specimen geometry
C ¢ (Length of clamping
portion)

L
Size of specimen

Q 3D, < L < 3,5D,

The reason for this
condition will be
explained later.
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Effect of Dy /a, on stress-strain curve

mild steel D,/a,=50.8 Dy/a,= 60.9
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Reasons why we need to standardize

Biaxial Bulge Test Method

21

Reasons why we need to standardize BBTM

L BBTM is the only test method that is capable of measuring

biaxial stress-strain curves
forming limit strains/stresses
of sheet metals subjected to precisely controlled stress

paths.

It is useful for determining:

=> Accurate material models; in particular, differential
hardening model (Toyota Co. already found the merit!)
=> Forming limit strains/stresses

=> A great merit for industry, as well as for academia
22






Reasons why we need to standardize BBTM

(d US and Chinese researchers published research

papers on BBTM in 2020, :

https://doi.org/10.1016/i.ijplas.2020.102838
https://doi.org/10.1016/j.ijmecsci.2020.105715

(1 BBTM is getting popular world widely.

It will be widely used in industry in near future.

(1 The standardization of this test method in advance

will promote the spread of this test method and will

bring great benefits to industry.
23

Scientific and industrial achievements

BBTM stands on solid scientific and industrial studies as shown
below. We have confirmed that it is useful for determining
accurate material models and forming limits for metal sheets and

tubes.

U Takada, Y., Kuwabara, T., Int. J. Solids and Struct., 257 (2022), 111777.

0 Nomura, S. and Kuwabara, T., ISIJ Int. 62 (2022), 191-199.

U Coppieters, S., Hakoyama, T., Eyckens, P., Nakano, H., Van Bael, A., Debruyne, D., Kuwabara, T.,
Int. J. Mater. Forming, 12 (2019), 741-759.

O Nagano, C., Kuwabara, T., Shimada Y., Kawamura, R.: IOP Conference Series: Materials Science
and Engineering 418 (2018) 012090

O Kuwabara, T., Mori, T., Asano, M., Hakoyama, T., Barlat, F., Int. J. Plasticity, 93 (2017), 164-186.

U Hakoyama, T. and Kuwabara, T., (2015) Effect of biaxial work hardening modeling for sheet metals

on the accuracy of forming limit analyses using the Marciniak-Kuczynski approach. In: Altenbach, H.,
Matsuda, T. and Okumura, D. (Eds.), From Creep Damage Mechanics to Homogenization Methods.
Springer, pp. 67-95.

Kuwabara, T. and Sugawara, F., Int. J. Plasticity, 45 (2013), 103—-118.

M. Ishiki, T. Kuwabara, Y. Hayashida, Int. J. Mater. Forming, 4-2 (2011), 193-204.

Yoshida, K., Kuwabara, T., Int. J. Plasticity, 23-7 (2007), 1260-1284.

Yoshida, K, Kuwabara, T., Narihara, K. and Takahashi, S., Int. J. Forming Processes, 8-Sl (2005),
283-298.

T. Kuwabara, K. Yoshida, K. Narihara, S. Takahashi, Int. J. Plasticity, 21-1 (2005), 101-117.

T. Kuwabara, M. Ishiki, M. Kuroda, S. Takahashi, J. de Physique 1V, 105 (2003), 347-354. o4






Examples of test materials

Capacity of testing apparatus: 7' < 200 kN, P < 50 MPa (500 bar)

Material Thickness
/ mm
TS: 270 MPa 0.7
TS: 300 MPa 1.6, 1.52
Steel
TS: 440 MPa 1.6
TS: 590 MPa 1.2
A5154-H112 3.9
(extruded tube)
AL el A5052-O 1.0
oy A5182-0 1.0
6016-0, 6016-T4 1.0
- JIS #1 0.5
Titanium
JIS #1 1.0

Thank you very much for your attention.

| hope that you agree to the Biaxial Bulge Test
Method and support us to make it International
Standard.

We appreciate your comments and questions.
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October 29, 2024

ISO TC164/SC2 proposal

Metallic materials — Sheet and strip —

Biaxial bulge test method
for sheet metals

Toshihiko Kuwabara (Tokyo Univ. Agriculture & Technology)
Susumu Takahashi (Nihon University)
Fumio Ono (Osaka Science & Technology Center)

Forward

* We started to make the draft standard for the biaxial bulge test method
three years ago in the technical committee organized in Japan.
* The committee members are the researchers and engineers working for
the private companies in Japan:
U Automotive
TOYQOTA, NISSAN, HONDA
O Steel and Aluminum Producers
NIPPON STEEL, JFE STEEL, KOBE STEEL, UACJ, NITTETSU Techno.
O Press Forming
UNIPRES
O Material Testing
SHIMAZU, KOKUSAI
O Software Producer
JSOL

e This draft standard was finalized this June with the unanimous consent
of all the members of the technical committee.
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Background

O Forming simulations are world-widely performed in industry to realize the
manufacturing without trial and error.

QO In order to improve the accuracy of forming simulations, it is essential to
improve the accuracy of the material model used in the simulations. 3

Yield surface in ¢,,-0, -0, space

Kuwabara, T. and Barlat, F. (2024) Mater. Trans. 65-10 (2024), 1193-1217.

Q This figure shows the material test methods for determining a yield surface in the oy, — 0, —
0.y Stress space. The yield surface becomes a material model used in forming simulations.

QO In this standard, we propose a new material test method for determining a yield surface in the
first quadrant of stress space.

4






ISO 16842: 2021 Metallic materials —Sheet and strip —Biaxial tensile testing
method using a cruciform test piece

JIS Z 2257 Biaxial tensile testing method for sheet metals using a cruciform test piece

y Slit by laser

| ?
! /0353

Q

Y

A—
Direction of
L ‘ maximum stress
- 4= Maxi lastic strai
L>B aximum plastic strain
B ( ) < 0.002 ~ 0.05
Difficult to obtain stress-strain data
Stress measurement error ¢, < 0.02 for a larger strain range

Kuwabara, |keda, Kuroda: J. Material Process. Technol., 80/81(1998), 517-523.
Hanabusa, VY., et al., Steel Research Int., 81-9 (2010), 1376-1379.

Biaxial Bulge Test Method (BBTM)

Kuwabara, Ishiki, Kuroda, Takahashi (2003) Journal de Physique 1V, 105: 347-354,

[ )
Hydraulic
cylinder |Axial force

Specimen fabrication Qil pressure . |Pressure l\/’
by laser welding 8 by booster P o o,

Arbitrary biaxial stress state, (o, 0,), can be
applied to the test piece by servo-controlling

the axial force T and pressure P.






Scope

Biaxial Bulge Test Method (BBTM) is a material test method
for sheet metals subjected to biaxial stress. This standard
specifies the experimental procedures for measuring

1 biaxial true stress—true strain curves
0 forming limit curve
0 forming limit stress curve

The ratio of the biaxial stresses during the test may or may not
be constant.
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The reason for this
dDy/ay = 60 condition will be
explained later.
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Methods of measuring strain and curvature

eg: axial strain

e5: circumferential strain

, (] T
:j> Ry: radius of curvature in

¢-direction

4 )
U strain gauges Welded fne
\EI spherometer | | mechanical ) DIC ) 9
Stress calculation
~ ( )
Measured data o - Pr(D/2-1)°+T
T Axial load ’ (D—1)t

P rt?rral pressure q‘ (R,~(D-21)
£ Go =
» AXial strain o (2R, 1)t

&, Circumferential strain D—t
0}

R, Bulge curvature _2R¢_t ¢
/ . .

t=t,exp(€, +&,)
D=D,exp(&,)
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Correction of stress at midplane™!

*1 The idea was originally proposed by Dr. Mulder of TATA Steel on June 16, 2023.

_ Pn(D/2—a)*+T

9¢ = n(D—a)a (421)
_ (Rg—a)(0-2a) ,  D-a

96 = (2R} —a)a 2R —a 9 (4b)

Considering that the test piece is subjected to o, = 0 at the outer surface and
o, = —P at the inner surface, it can be viewed as being subjected to g, =
—P /2 at the midplane. Therefore, the biaxial stresses calculate using Eqs (4a)
and (4b) should be corrected to give those for plane stress state, i.e., g, = 0,
by adding (o4,04,0,) = (P/2,P/2,P/2):

0y =0y + P/2 (5a)
0'9*=O'9 +P/2 (Sb)
11
Stress points forming work contours
*1 The finite element analysis was
performed by Dr. Takizawa of Nippon —{1— (0'¢; 0'9)
Institute of Technology.
--Q-- (04 +P/2,09 + P/2)
. . 4 1:1
?glirsl}églrl;ligllﬁiitions =i — Mises (Ref.)
Lo —+ Egs. (1a), (1b) .
'es3 -0 Egs. (3), (3b) |- : 4:3
I 3 2 2:1
Symmetric 5 Axial load: —T N B
in z-dir. 360 9
Tl \\‘1‘1\\ Cfentral'axis ;(_E |
| \;\\\\ 0 spemmen, = 4:1
X Z Ny
: Fig. 2 Finite element :%ﬂsmodel for biaxial bulge test ZS
0 1:0

0 1 2 3 -+
Normalized true stress g - Y !
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What we can measure using
Biaxial Bulge Test Method

13

Biaxial stress-strain curves (mild steel)

Kuwabara, T. and Sugawara, F., Int. J. Plasticity, 45 (2013), 103-118.
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Contours of equal plastic work (mild steel)

Kuwabara and Sugawara (2013) Int. J. Plasticity 45: 103-118.

ISO 16808

600 — . —— (ﬂ)/ ‘
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Specimens at forming limit (mild steel)

Kuwabara and Sugawara (2013) Int. J. Plasticity 45: 103-118.

o,:o0, 41 2:1 43 1:1 34 1:2 1:4

Fracture at weld line

|SO 16808 [ Strain is uniform in the circumferential direction.

O Influence of the weld line is negligible.






Forming limit curve/stress curve (PH590)

Hakoyama T, Kuwabara T (2015) In: Altenbach, H., Matsuda, T. and Okumura, D. (Eds.),
From Creep Damage Mechanics to Homogenization Methods. Springer, pp. 67-95.
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Comparison of BBTM and

other test methods

O

up to fracture

not measurable

X

uncontrollable

o | Svessrao | S | e
O | @
up to fracture controllable A
Ol o
8p<AO.O5 “arbitrary | controllable
© | 1.0
up to fracture : Ox = Oy UnCOﬂ>tr<0|lable A
X
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Bench Mark Tests

—Parameters affecting the performance of
the biaxial bulge test method—

19

Effect of strain measurement method on
the test results
Material: JSC590R (1.2-mm-thick precipitation hardening steel)

%0 —¥¥—————— 900 . : :
0,:0,=3:4 g Strain DIC &
& - Ky’// . 1| gauges
s o 0002
5 600} 4 ] & 600 e o 002
@ N\ = A A 004
= . | v v o008
@ 3 & o 0115
2 £ <4 <4 016
= 300 T ;300 > > 020
—— Strain gauges | | = (g ° 0.24
——DIC * % 0.285
0 N N 1 N 1 ” 1 N 1 N 0
-0.05 0.00 0.05 0.10 0.15 020 0.25 0 300 600 900
True plastic strain £° True stress o, /MPa
Stress-strain curves Contours of plastic work

U Independent of strain measurement methods

1 Reproducibility of the measurement is excellent.






Recommended specimen geometry

C ¢ (Length of clamping
portion)

The reason for this condition
will be explained in the next
slide.
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Effect of D, /a, on stress-strain curve
Do/ag= 508 Do/ao= 60.9
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Effect of Dy /a, on stress-strain curve

DP59O Do/a(): 559 Do/a(): 559

. 700 Y ‘ A o Y
T / -

Cruciform

@ 400 @ 400
o o
A %ol o
() ()
2 200 2 200}
= =
100 [ 100 b
0 0 .
-0.1 0.0 -0.1 0.0 0.1 0.2
Logarithmic plastic strain £° Logarithmic plastic strain e°
0.06
— 0.05
A=
0.04
OBBTM — Ocrf <
0.03}
Jeif 0.02:
ogpTM- Stress measured 001h
using BBTM ’
o.rf: Stress measured usin 0.00 ‘ ‘ ‘ ' 0.00 ‘ ‘ ‘ ' >
crf: Stre . g 0.00 001 002 003 004 0.05 0.00 001 002 003 004 0.05
cruciform specimen Reference plastic strain £§ Reference plastic strain £§
For the test sample, Dy/a, > 60 is large enough to make A less than 2%. 23

Reasons why we need to standardize

Biaxial Bulge Test Method

24






Reasons why we need to standardize Biaxial Bulge Test Method

 BBTM is the only test method for sheet metals that is

capable of measuring:
v' biaxial deformation characteristics

v forming limit strains and stresses

L It is useful for determining:

=> Accurate material models; in particular, differential
hardening model (Toyota Co. already found the merit!)
=> A great merit for industry, as well as for academic

research

25

Reasons why we need to standardize Biaxial Bulge Test Method

(d US and Chinese researchers published research
papers on BBTM in 2020, :

https://doi.org/10.1016/i.ijplas.2020.102838
https://doi.org/10.1016/j.ijmecsci.2020.105715

(1 BBTM is getting popular world widely.

It will be widely used in industry in near future.

(1 The standardization of BBTM will promote the

spread of the test method and will bring great

benefits to industry, as well as to academic research.
26






Scientific and industrial achievements

J BBTM stands on solid scientific and industrial studies for more
than 20 years.

1 We have confirmed that BBTM is useful for determining accurate
material models and forming limits for metal sheets and tubes.

U Takada, Y., Kuwabara, T., Int. J. Solids and Struct., 257 (2022), 111777.

O Nomura, S. and Kuwabara, T., IS Int. 62 (2022), 191-199.

U Coppieters, S., Hakoyama, T., Eyckens, P., Nakano, H., Van Bael, A., Debruyne, D., Kuwabara, T.,
Int. J. Mater. Forming, 12 (2019), 741-759.

O Nagano, C., Kuwabara, T., Shimada Y., Kawamura, R.: IOP Conference Series: Materials Science
and Engineering 418 (2018) 012090

O Kuwabara, T., Mori, T., Asano, M., Hakoyama, T., Barlat, F., Int. J. Plasticity, 93 (2017), 164-186.

U Hakoyama, T. and Kuwabara, T., (2015) Effect of biaxial work hardening modeling for sheet metals

on the accuracy of forming limit analyses using the Marciniak-Kuczynski approach. In: Altenbach, H.,

Matsuda, T. and Okumura, D. (Eds.), From Creep Damage Mechanics to Homogenization Methods.

Springer, pp. 67-95.

Kuwabara, T. and Sugawara, F., Int. J. Plasticity, 45 (2013), 103—118.

M. Ishiki, T. Kuwabara, Y. Hayashida, Int. J. Mater. Forming, 4-2 (2011), 193-204.

Yoshida, K., Kuwabara, T., Int. J. Plasticity, 23-7 (2007), 1260-1284.

Yoshida, K, Kuwabara, T., Narihara, K. and Takahashi, S., Int. J. Forming Processes, 8-Sl (2005),

283-298.

T. Kuwabara, K. Yoshida, K. Narihara, S. Takahashi, Int. J. Plasticity, 21-1 (2005), 101-117.

T. Kuwabara, M. Ishiki, M. Kuroda, S. Takahashi, J. de Physique IV, 105 (2003), 347-354.

o0 OO0O0oO0
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Examples of test materials

Capacity of testing apparatus: 7' < 200 kN, P < 50 MPa (500 bar)

Material Thickness
/ mm
TS: 270 MPa 0.7
TS: 300 MPa 1.6, 1.52
Steel
TS: 440 MPa 1.6
TS: 590 MPa 1.2
A5154-H112 3.9
(extruded tube)
AL A5052-0 1.0
afloy A5182-0 1.0
6016-0O, 6016-T4 1.0
o JIS #1 0.5
Titanium
JIS #1 1.0

This slide shows the materials, to which we applied the BBTM.
Steel sheets with various levels of strength, Al alloy sheets and a tube, and pure titanium sheets.
It is clear that the BBTM can be applied to various types of sheet metals. 28






Thank you very much for your attention.

We appreciate your comments and questions.

We ask your positive vote for our proposal and to nominate

an expert from your country.

29
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IGCAR response on IS 3410.docx
Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam

Action taken report  - Part II

Ref: 22nd meeting of Mechanical Testing of Metals Sectional Committee, MTD 03 held on 28th Mar 2023

		IS 3410:1993

		The standard IS 3410 is mentioned specifically for ‘metallic materials’ whereas ASTM E 228-17 covers ‘rigid solid materials’ like ceramics, glass, etc in addition to metals. 

Whether the “Scope about materials” can be modified in IS needs to be examined?



		

		The range of coefficient of linear thermal expansion over which the technique can be used  may be mentioned



		

		Tentative specimen dimensions may be included, if possible



		

		Clarifications/scope of testing of various forms of materials like hollow tubes, sheets, irregular  specimen may be included 



		

		A note on the BIS standard to be followed for calibration of temperature sensors can be included



		

		Atmospheric condition (vacuum or inert gas) for testing and calibration to be mentioned



		

		Heating rate and cooling rate given in ASTM standard is  5C/min. Can it be made the same in BIS.





11.4 Pre-2000 Standards 

11.4.2 The committee noted the information given in item 11.4.2 of the agenda and took the decision as follows:

		1. 

		IS 3410 : 1993

		Metallic materials - Determination of linear thermal expansion (First Revision)

		Comment from Dr Swaminathan is as follows:

The relevant ASTM standard is E228-22 ( released in Jan 2023). The Indian standard can be updated as per the ASTM standard. I have attached the 2017 version in pdf format. 

ASTM E228-17   Standard Test Method for Linear Thermal Expansion of Solid Materials With a Push-Rod Dilatometer 

		The committee requested IGCAR to study IS 3410 and provide comments for its revision.







The following are suggested for incorporation in IS 3410 after referencing with the ASTM E 228-17 document
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BIS Commenting IS3410.doc
		Template for comments and secretariat observations

		Date: 

		Document: ISO/





		1

		2

		3

		4

		5

		6

		7



		MB1


		Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)

		Paragraph/
List item/
Note/
(e.g. Note 2)

		Type of com-ment2

		Comment (justification for change)

		Proposed change

		Secretariat observations
on each comment submitted





		TEMPLATE FOR SENDING COMMENTS ON BIS DOCUMENTS





		Date: 

		9.7.2024

		Document No.: 

		IS 3410:1993

		Title of the Document:

		METALLIC  MATERIALS  -  DETERMINATION OF LINEAR  THERMAL  EXPANSION



		Name of the Commentator/


Organization:

		Dr S K Jain, Formerly Chief Scientist and Head, Force and Hardness Standards, National Physivcal Laboratory, New Delhi

		Abbreviation of the Commentator/Organization:

		NPL





(Comments on each clause/subclause/table/fig, etc be started on a fresh box.  Information in column 5 should include reasons for the comments/suggestions for modified wordings of the clauses when the existing text/provision is found not acceptable.  Adherence to this format facilitates Secretariat’s work)

		Abbreviation of the Commentator/Organization

		Clause/ Subclause No.


(e.g. 3.1)

		Paragraph No. /


Figure No. / 


Table No.


(e.g. Table 1)

		Type of Comment1)

		Comments/Suggestions along with Justification for the Proposed Change

		Proposed Change/Modified Wordings

		Committee Decision



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)







		MB

		6.1

		note

		te

		if the transducer is accurate to +2 µm then the length must be at least 0.1 m

		the length must be at least 0.1 m

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		





1
MB = Member body (enter the ISO 3166 two-letter country code, e.g. CN for China)
** = ISO/CS editing unit


2
Type of comment:
ge = general
te = technical 
ed = editorial 


NB
Columns 1, 2, 4, 5 are compulsory.


page 1 of 2

FORM 13B (ISO) version 2001-09

1)
Type of comment:
ge = general
te = technical 
ed = editorial 


page 1 of 2

BIS electronic commenting template/version 2017/01
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Revised R&D Guidelines 09092023.pdf
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STANDARDS COORDINATION AND MONITORING DEPARTMENT
Our Ref SCMD/G-4 09-09-2023

Subject: Guidelines for Research & Development Projects for Formulation and Review of
Standards

The revised ‘Guidelines for Research & Development Projects for Formulation and
Review of Standards’ duly approved by EC is circulated to all Technical Departments for
compliance.

The ‘Template for the Terms of Reference for the R&D Projects’ to be used in this regard

is also attached.

(A K Bera)
HSCMD
DDG (IR, SCM & MSC)

Circulated to All Technical Departments





Doc no. SCMD/R&D Guidelines/20230909

GUIDELINES FOR RESEARCH & DEVELOPMENT PROJECTS
FOR FORMULATION AND REVIEW OF STANDARDS

1 INTRODUCTION

Bureau of Indian Standards (BIS), as the National Standards Body of India is responsible for
formulating Indian Standards for products, processes and services. In the pursuit of this
endeavour, it has so far developed more than 22000 Indian Standards. Action Research and
Research & Development Projects have always been part of the standardization process.
However, there has been a growing realisation in the context of the increasing diversification,
innovation and complexities in the manufacturing sector and evolution of services and also due
to the fast pace of changes in the manufacturing and services landscapes, research &
development projects have to be made an integral part of the standardization process. The idea
is that in principle no standard should be developed without intensive and insightful research
work, which is not confined only to the review of the existing literature and focus group
discussions on the subject chosen for standardization, but also covers the detailed field level
study of the existing processes and practices in product manufacturing and service delivery.
This requires a large network of domain area experts to carry out the research & development
work. The existing network encompasses only a small segment of experts, who are either
associated with technical committees as members or belong to some R&D organizations. The
Memorandum of Understanding with the premier educational institutions imparting technical
and professional education opens the window to the opportunities to expand this network
substantially by utilizing the intellectual capital that resides with the faculty and the research
scholars in these institutions. This association is conceived not only as a way to promote
research & development work necessary for standards formulation but also to enrich the
research ecosystem in these educational institutions.

2 OBJECTIVES

Objectives of this Scheme are to:

2.1 support and commission research & development projects to generate knowledge,
empirical data and insights that would help in formulating new standards and updating

& upgrading the existing Indian standards;

2.2 expand the network of domain area experts to carryout research & development projects
in the areas related to standardization and conformity assessment; and

2.3 enrich the research ecosystem in the educational institutions imparting technical and
professional education.





3 RESEARCH & DEVELOPMENT PROJECTS

3.1 Research & development projects under these guidelines are described as follows:

A project aimed at comprehensive, in depth and incisive study of a product, process or service
or all taken together in respect of a subject under standardization, encompassing literature
review, analysis of the data from secondary sources, collection and analysis of data from
primary sources and stakeholder consultations.

3.2 Theduration of a project shall not exceed six months counted from the date of the award
of the project to acceptance of the final report by the Sectional Committee concerned, provided
that the Sectional Committee must not take more than one month to give its decision on the
final report. Further provided that the time taken by the Sectional Committee for giving its
decision shall not be counted. The Sectional Committee may extend the duration but for not
more than 2 months in special circumstances, the reasons for which shall be recorded in the
minutes of meeting of the Sectional Committee.

3.3 The upper limit for expenditure for a project shall be Rs 10 lakhs (including taxes) only.

3.4  BIS will publish a list of research & development projects along with Terms of
Reference (ToR) on Standardization portal or any other suitable digital platform.

35 If any organization or an expert on behalf of an institute wants to propose a research &
development project on any new and emerging area in which they have expertise, they can do
so through the same platform for the consideration of the Sectional Committee.

4 TERMS OF REFERENCE (ToR)

4.1 The ToR of Research& development project shall be prepared by the Sectional
Committee concerned, and shall contain:

a) Title, background and objectives of the study;

b) Expected research methodology (brief information, for example, survey, testing,
industry visits, etc.);

c) Scope of study;

d) Outline of the tasks and final deliverables expected from the Proposers;

e) Methods of review, schedule for submitting the 1st draft report and project completion
report;

f)  Any support or inputs to be provided to the Proposer; and

g) Maximum duration of project and timelines for submission of proposal.





4.2 While preparing the Terms of Reference (ToR) the sectional committee may consider the
following points as a research & development project may include one or mix of the following:

a) Secondary research based on internet or published information including authentic data
sources;

b) Survey based research (including industry visits) to ascertain prevailing market
conditions and practices, standards in use, industry and consumer preferences,
availability of infrastructure, technical capabilities, comparative trends, economic trends;

c) Ascertaining compliance to existing and proposed standards through testing, review of
past test reports, other validation and verification checks; and

d) Basic and innovative research to establish normative criteria. Criteria may include
performance, health, safety, environmental impact.

5 APPROVAL OF COMISSIONING OF THE RESEARCH AND DEVELOPMENT
PROJECTS

5.1 There shall be a Review Committee for approving the projects recommended by the
Sectional Committee. The composition of Review Committee shall be as follows:

DDG (SCMD) : Chairperson
DDG (Standardization) concerned : Member
DDG (Certification) : Member
DDG (Labs) : Member

Officer in-charge for research works in SCMD : Member Secretary

5.2  The Head of Technical Department concerned and Member Secretary of the Sectional
Committee shall apprise the review committee about the project and explain the rationale
behind the proposed research & development project.

6 ELIGIBILITY CRITERIA

6.1 The following shall be eligible for carrying out research & development projects under
the Scheme:

a) Academic institutions & universities having MoU with BIS and faculties and research
scholars thereof;
b) Member(s) of Technical Committees of BIS.

6.2  Faculties and research scholars shall submit proposals through their institute. Members
of technical committees belonging to any association/organization shall submit the proposals
through their association/organization. Members of technical committees in personal capacity
can submit their proposals directly to BIS, however if carrying out a research & development
project requires collaboration with any institution/organization, concurrence of the same shall
also be submitted.





7 PROCEDURE FOR APPLICATION
7.1  Submission of Proposal

7.1.1 Applications for undertaking research & development projects shall be submitted in the
manner prescribed by the Bureau and within the prescribed timelines,

7.1.2 Proposer(s) shall submit their proposal in a “single stage - two envelope bid system”
consisting of separately sealed “Technical and Financial proposals”. The Technical Proposal
shall be submitted as per format prescribed in Annex A and the Financial Proposal shall be
submitted in the format prescribed as per Annex B, clearly specifying expected expenditure
against each element such as manpower, equipment (shall not include computer hardware and
software), travelling, testing, consumables, stationery, overheads, etc.

7.1.3  There shall be maximum one proposal from one institute on a given subject.

7.1.4 No contractual obligation whatsoever shall arise until a formal agreement is signed and
executed between the Bureau and the Proposer.

7.2 The proposals shall inter-alia consist of the following:
7.2.1 Inrespect of the research & development projects put up by the Bureau:

a) Details of the Project team along with the organization/institution associated with;

b) The CV of the Project leader and expert/expert(s) to be associated with the project and
a letter from organization authorizing Project Leader and expert/expert(s) to undertake
the research as proposed.

c) A write up on the understanding of the scope and objectives of the project.

d) Methodology (sampling size, if applicable) to be adopted for the proposed study with a
clear road map and time plan for completion of the project;

e) Stage wise timelines for completion of the project.

7.2.2 Inrespect of research & development projects proposed by any expert/organization:

a) Details of the Project team along with the organization/institution associated with;

b) The CV of the Project leader and expert/expert(s) to be associated with the projects and
a letter from organization authorizing Project Leader and expert/expert(s) to undertake
the study as proposed.

c) Objective that will be achieved and scope of the project clearly highlighting the need
of such study and what would be the final deliverable;

d) Methodology (sampling size if applicable) to be adopted for the proposed study with a
clear road map and time plan for completion of the project;

e) Details of infrastructure facilities available for the project, in the institution and
additional facilities required (if any) for carrying out research.





f)  Stage wise timelines for the completion of the project

7.3 The Head of the concerned institution while forwarding the application and nominating
the project leader shall certify that:

a) the core facilities (land, buildings, laboratory, manpower and other infrastructure etc.)
are available and will be provided to the Project Leader to work on the proposed project,

b) the organization will discharge all its obligations, particularly in respect of management
of the financial assistance given, and

c) no other funding is being received/sought for the project proposed to be sanctioned by
BIS.

8 PROCEDURE FOR APPROVAL WITHIN BIS

8.1  There shall be a Research Evaluation Committee (REC) to evaluate the proposals
received, the composition of which shall be as follows:

DDG (PRT) : Chairperson

Head (CMD) concerned : Member

Head (LPPD) : Member

Head of the Technical Department concerned : Member

Director Finance : Member

Two Experts from the Sectional : Members

Committee concerned
Head (SCMD) : Member Secretary

*The experts shall be nominated by the Sectional Committee and the nominated members shall
give a declaration to the effect that there is no conflict of interest with respect to the project.

8.2  The evaluation and selection will be as per Quality and Cost Based Selection (QCBS)
method (Rule 192, GFR 2017) which is explained in Annex C.

8.3  The criteria for evaluation of technical proposal shall be as under:

SI | Criteria Max. Score by
No. Marks REC

1 Profile of key individual/individuals to be associated with the | 10
research project

2 Experience of the individual/organisation in conducting | 20
research projects in the relevant discipline

3 Understanding of Scope, Objectives and deliverables 15
4 Methodology 30
5 Work plan/Execution strategy 15
6 Chapterisation, contents and lay out of the proposed report 10
TOTAL | 100

Note: REC may call for a presentation by the proposers if deemed necessary.






8.4 The minimum qualifying marks shall be 70. All the proposals with marks below 70 shall
be considered rejected.

8.5 REC may refer back, advise changes for reconsideration or reject any proposal.

8.6  REC shall open the financial proposals (bids) within 7 days from completion of technical
evaluation.

8.7 A final score sheet of all the proposers shall be made as detailed in Annex C and the
proposer getting the highest combined score shall be selected for awarding the project.

8.8 The member secretary (REC) shall send the selected proposals to DG/DDG
Standardization concerned, as per their delegated powers, for consideration and approval for
sanction of the project.

8.9 After the approval of project, the member secretary (REC) shall inform the concerned
technical department and the proposer regarding the decision.

8.10 After the sanction of fund is approved, the draft agreement (prepared in line with model
agreement given at Annex D, to be modified on case-to-case basis) shall also be prepared by
the Member Secretary (Sectional Committee), clearly highlighting the payment term. The Head
(Technical Department) shall sign the agreement on behalf of BIS in all cases.

8.11 In case the proposer to whom the project is awarded declines to take up the project, the
Research project shall be awarded to the proposer getting the next highest combined score
among the qualified proposers.

9 SIGNING OF AGREEMENT AND ISSUING OF SANCTION LETTER

9.1 After receipt of duly signed agreement from the proposer and after the receipt of the
approval of competent authority, a sanction letter shall be issued by the concerned Head
(Technical Department) to the organization/individual member. The project would be
considered to have commenced from the date the sanction letter is issued.

10 FUNDING
10.1 The mode of payment for Research & development projects shall be as follows:

a) First instalment up to a maximum of 30 percent of the total approved project cost would
be released after approval of the project.

b) Second instalment to the extent of 50 percent of the approved estimated cost would be
released on the submission of progress report along with the report on utilization of the
75 percent of the fund and acceptance of the same by the Sectional Committee.





c) The balance amount shall be released after submission of the final project report along
with utilization certificate for the fund released and its acceptance by the Sectional
Committee.

10.2 Release of each instalment is subject to satisfactory progress, required stage - wise
deliverables and submission of the Utilization Certificate (UC) as per Form GFR12-A of GFR
2017 along with the statement of expenditure (SoE) issued by the Competent Authority.

11 PROGRESS REPORT AND MONITORING OF PROJECT

11.1 The relevant Sectional Committees of BIS will monitor the progress of project to ensure
that the project is progressing as per the planned arrangement. However, member secretary of
the concerned Sectional Committee under overall coordination of HoD would be the
controlling/link officer for Research & Development projects and would constantly monitor
the progress of the project every 30-45 days. Any delay in implementation of project should be
duly justified by the Project leader and shall be put up to Research Evaluation Committee
(REC) for approval.

11.2 The Sectional Committee shall review and give its acceptance of the progress reports
submitted, within 3 weeks.

12 SUBMISSION OF FINAL PROJECT REPORT (FPR)

12.1 The FPR must be detailed and should include information about:
a) the original objective(s) of the project,
b) how far these objective(s) have been achieved, and
c) how the results will benefit the development of the national standard(s) and
d) a copy of final working draft of the concerned standard(s) (wherever applicable)
e) include clear inferences, recommendations regarding their use in the proposed
standards,
f) all references used, raw data of surveys, sampling, testing and experiments,
g) undertaking that all the information presented is authentic.

12.2 FPR received in BIS would be put up to the concerned Sectional Committee, which will
take necessary action for preparation/revision of standard appropriately. The Project leader
shall assist in the disposal of comments received on the research project, draft standard and for
the preparation of the finalized draft, as may be desired by the Sectional Committee.

12.3 The proposer shall submit the Project Completion Report (PCR), within one month of
completion of project along with the Utilization Certificate of the fund released as per Form
GFR 12-A of GFR 2017 and the statement of expenditure (issued by the Competent Authority
-in case of Govt. organization / Charted Accountant in case of private organization).





13 RESULTS OF RESEARCH & DEVELOPMENT

13.1 Project Leader(s) would be encouraged to publish the results of research & development.
While doing so, acknowledgement to the effect that financial assistance was received from BIS
should be made in the research paper(s) published. BIS should be acknowledged in similar
type of other published work/press reports.

13.2  One re-print of each research paper(s) published as a result of the work done under the
BIS funds shall be sent to BIS as and when published.

14 INTELLECTUAL PROPERTY RIGHTS

14.1 Ownership of any intellectual property, including but not limited to confidential
information, know-how, patents, copyrights, design rights, rights relating to computer
software, and any other industrial or intellectual property rights, developed solely by Proposer
shall be vested with that Party.

14.2 Ownership of any intellectual property, including but not limited to confidential
information, know-how, patents, copyrights, design rights, rights relating to computer
software, and any other industrial or intellectual property rights, developed solely by the
Bureau shall be vested with that Party.

14.3 The Intellectual Property arising out as an outcome of research project undertaken under
these guidelines shall be vested with Bureau.

15 OPERATION OF FUNDS

15.1 The utilization certificate of the funds received in previous instalment (if any) to BIS
should be annexed with the Statement of all equipment, books, etc purchased out of the funds
certified by the Head of the organization. The name, description of the equipment, cost in
rupees, date of purchase, and the name of the supplier to be given in the list. The main
purpose/function of the equipment may also be mentioned against each item.

15.2 Any unspent balance lying with the organization should be refunded to BIS after the
finalization of the draft immediately, by means of demand draft or online transfer.

15.3 The Head of the concerned standardization department of BIS shall ensure that the project
leader submits the utilization certificate in the manner prescribed in Form GFR 12-A of GFR
2017.

15.4 Head of the Standardization department shall also ensure that the operation of funds is
monitored strictly as specified in Annex E. Further the Project Leader is also fully aware and
shall adhere to the obligations of his/her as given in this procedure.





16 OTHER REQUIREMENTS

16.1 Organizations receiving financial assistance for research & development projects from
BIS would have to maintain separate accounts for each research project.

16.2 In the event of a Project Leader’s absence from his normal place of duty for two months
at a stretch, the Head of the organization would need to immediately nominate an Alternate
Project Leader(s) to supervise the implementation of the project and such a name has to be
approved in advance by BIS. In any event, a Project Leader shall give prior notice to BIS of
his intention to stay away from the project.

16.3 Items of equipment, etc should be purchased on the basis of the established rules and
procedures of the entity/organization.

16.4 Stock register of all equipment, books, etc purchased out of the funds shall be maintained.

16.5 Any capital-intensive equipment/devices purchased using financial assistance from BIS
for research & development projects shall be allowed to be retained by the proposer for their
research activity etc.

16.6 The organization shall have to ensure that expenditure with respect to TA/DA are made
only as per their own norms but under no circumstances the executive/business class air travel
or stay in a five-star hotel is made. The overhead expenses should not be more than 20 percent
of the cost of the project.

16.7 The Project Leader must ensure that the concerned organization’s newsletter would carry
information on the activities and accomplishments of the various projects funded by the BIS.

16 TERMINATION OF PROJECT:
The research & development project can be terminated in case of any of the following:

a) the approval of research & development project may be treated as withdrawn, if the
sanctioned research & development project does not commence within one month from
the date of receipt of the sanction letter, unless otherwise authorized by BIS;

b) A Proposer may request for the withdrawal of a research & development project even
after commencement of the project. In such case the entire fund given till that date shall
be refunded to the Bureau; and

c) if the Proposer fails to submit Progress report/Completed Project report within the
prescribed timelines.

The REC shall take decision on all cases of termination.





18 RESOLUTION OF DISPUTES

Dispute Resolution: In case of any dispute that cannot be resolved amicably, it shall be referred
to Sole Arbitrator appointed by the Director General of the Bureau of Indian standards, whose
decision shall be final and binding upon both the parties. The provisions of the Arbitration and
Conciliation Act, 1996, as amended from time to time, shall be applicable.





ANNEX A

TECHNICAL PROPOSAL

1. Name of the Proposer and
Organization

2. Project title

3. Project leader

a) Title: Prof/Dr/Mr/Ms Sex
b) Name: M/F

c) Full official address

Mobile/Telephone
Fax
E-mail

d) Designation

e) Date of birth

f) Academic qualifications along
with year of completion

g) Experience

4. Other members of the research team (give name, address, experience and academic
qualifications for each member)

1. Name Designation:

Address:

Experience:

Academic Qualifications:

1. Name Designation:

Address:

Experience:

Academic Qualifications:

5. Research support availed/being availed/applied for by the Project leader from different
sources, including BIS, during the last 5 years:

Funding | Title of the Duration (from | Percentage of time devoted | Amount in
agency | project and mm/yyyy to /being devoted/to be lakh Rs.
reference number | mm/yyyy) devoted, in man months






6. Details of facilities available with the institute/organization w.r.t. the research &
development project

Facilities Relevance to project
1.

7. Aims and significance of the project

(Include the current status of work in area, both in India and abroad, with appropriate reference
list at the end; identify lacunae, define question to be investigated; list briefly specific
objectives of investigation. ethical clearance be enclosed where necessary).

8. The CV of the Project leader and expert/expert(s) to be associated with the projects and a
letter from organization authorizing Project leader and expert/expert(s) to undertake the study
as proposed.

9. Objective that will be achieved and scope of the project clearly highlighting the need of such
study and what would be the final deliverable.

10. Methodology (sampling size if applicable) to be adopted for the proposed study.

11. Road map (Stage wise timelines for the completion of the project) and time table for
completion of the project

12. Plan of work, methods and techniques to be used.

13. List of awards and honours conferred on the Project leader with dates.

14. Deliverables

15. Declaration and attestation:

| certify that all the details declared here are correct and
complete.
Date:

Signature of Project leader

12. Certificate of the institution:
This is to certify that
a) we have read the terms and conditions of the BIS Research & Development
Guidelines necessary for the compliance of the same.
b) the necessary institutional facilities are available and will be provided for the
implementation of this research proposal being submitted to the BIS for funding.
¢) Full account of expenditure will be rendered by the institution.

Name of the head:
of the institution

Signature with date:
Seal:






ANNEX B
FINANCIAL PROPOSAL FORMAT
[To be submitted on letterhead wherever applicable]

To:

Bureau of Indian Standards

Manak Bhavan, 9 Bahadur Shah Zafar Marg
New Delhi — 110002, India

Sub: Financial Proposal for Research & development Project on (Title: )
for Bureau of Indian Standards (Research guidelines document no. dated: - -2023).

Dear Sir,

We are pleased to submit our Financial Proposal for Research & Development Project on (Title:
) for Bureau of Indian Standards as per the terms and conditions of
the Research & Development guidelines document (Ref No.: dated:
- -2023).

1. We hereby declare that our financial proposal is unconditional in all respects.
2. Our financial proposal is as follows:

3. Cost of the Project:

Sl no. Budget items Amount
1 Manpower cost
2 Consumables

[Chemicals, samples, testing glassware, stationery, books
etc, information search (from databases)]

3 Equipment
4 Travel
5 Any other/Overhead expenses

Total project cost

*Please write NA in case any item is not applicable

a) The prices should be quoted in Indian Rupees above by the proposer.

b) The quoted price should be inclusive of all applicable taxes and charges.

c¢) Fund shall be released after deducting TDS as per applicable provisions of GST and
income tax.

d) Justification of cost (for each item of equipment, consumables and travel. Quotation(s) for
equipment should also be enclosed).

Yours faithfully,
Date: (Signature of the Project leader)
Place: (Name and Designation of the proposer)
Name and Signature of the head of the institution
(Rubber seal of the proposer/institution/organization, as applicable)





ANNEX C

Stage 1: Evaluation of Technical Proposal:

a) The proposal will be evaluated against the criteria defined at clause 8 in these
Guidelines. The proposer may be required to provide additional details as deemed
necessary by the REC.

b) Upon technical evaluation of each proposal, “Technical marks” out of 100 marks
will be assigned to every proposal.

c) The proposals with score 70 or more marks in technical evaluation, will qualify for
the evaluation of the financial proposal.

d) The proposer with the highest marks in technical proposal will be awarded 100
“Technical Score” and subsequently other proposers will also be awarded
“Technical Score” relative to the highest technical marks for the final composite
score calculation purpose e.qg., if the highest technical marks is 90 then “Technical
Score” is (90/90) x 100 = 100, hence the proposer with highest technical marks will
score 100“Technical Score”. Similarly, another proposer who scored 80 marks, will
get (80/90)x 100 = 88.88 “Technical Score”. Following formula will be used for the
“Technical Score” (TS) calculation:

Technical Score (TS)= | Proposer’s Technical Marks | X 100
Highest Technical Marks

e) The details of technical evaluation parameters are provided at clause 9.

Stage-2 Evaluation of Financial Proposal

a) The evaluation will be carried out if financial proposals are complete and
computationally correct.

b) Upon financial evaluation of each proposal, the lowest financial proposal will be
awarded 100 “Financial score”. The “Financial Score” of other proposer(s) will be
computed by measuring the financial proposal against the lowest financial
proposal. Following formula will be used for calculating “Financial Score”:

Financial Score (FS)= Lowest Financial proposal X 100
Proposer’s Financial Proposal

Stage-3 Computation of Combined Score
The “Combines Score” is a weighted average of the Technical and Financial Scores.
The ratio of Technical and Financial Scores is 70:30 respectively. The Combined Score
will be derived using the following formula:

Combined Score=[(TS x 0.70) + (FS x 0.30)]

The responsive proposers(s) will be ranked in descending order according to the
Combined Score, which is calculated based on the above formula. The highest-ranking
proposer asper the Combined Score will be selected for award of Research Project.





ANNEX D

MODEL AGREEMENT
(To be modified on case-to-case basis)

This Deed of Agreement made this day of (Month & Year) between
Bureau of Indian Standards having Head Office at Manak Bhavan, 9 Bahadur Shah Zafar Marg,
New Delhi — 110 002 (hereinafter called ‘BIS’, which expression shall, wherever the context
so admits, includes its successors and assigns) on one part and (name of the
organization/expert) (hereinafter called which expression shall, wherever the context
so admits, include their heirs, executors, administrators, legal representative and assigns) of the
other part, witness as follows:

1. Whereas (name of the organization/expert) through (name of the Project Leader) has
submitted a proposal to BIS pertaining to Research & development project titled for
consideration and BIS has accepted the proposal.

2. That duration of the Research & development project shall be _ months with periodic and
final reviews. The total cost of the project shall be Rs /- (Rupees in words) for the
complete project. No further expenditure shall be borne by BIS on any account of this project
including escalation of time.

3. The fund would be utilised for the specific project/assignment as approved by BIS and shall
be spent within the specified time. Any portion of the fund which is ultimately not required for
expenditure for the approved purpose shall be duly surrendered to BIS.

4. (Name of the organization/expert) shall not entrust the implementation of the
project/assignment approved by BIS for which fund has been received to any other
institution/expert or to divert the fund received from BIS as assistance to any other
institution/expert/proposer.

5. (Name of the organization/expert) indemnifies BIS from any legal and/or financial
encumbrance arising out of any infringement of IPR/licensing of IPR/technology
transfer/commercialization.

6. (Name of the organization/expert) shall maintain an audited record in the form of a register
for permanent, semi-permanent assets acquired solely or mainly out of BIS fund. Once the
Research & development project is completed satisfactorily, the organization taking up the
Research project may retain the equipment/devices for their Research & development
activities, etc. The equipment procured through BIS fund should bear a label "BIS Funded".

7. BIS shall release the funds for the project as follows:

a) Firstinstalment up to a maximum of 30 percent of the total approved project cost would
be released after approval of the project.
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b) Second instalment to the extent of 50 percent of the approved estimated cost would be
released on the submission of progress report along with the report on utilization of the
75 percent of the fund and acceptance of the same by the Sectional Committee.

c) The balance amount shall be released after submission of the final project report along
with utilization certificate for the fund released and its acceptance by the Sectional
Committee.

8. The completion of the Research & development project shall remain the responsibility of
(name of the organization/expert) even if the project leader is not available due to any reason
whatsoever. After completion of the project, a Project Completion Report giving details
(objective(s) achieved, raw data of surveys, sampling, testing and experiments) of shall be
submitted by the Project leader the original objective(s) of the project,

9. (Name of the organization/expert) shall ensure the completion of the project under the
guidance and supervision of any other faculty/researcher, if the nominated project leader would
not be available due to any reason. Such a faculty member/researcher can only be nominated
with the approval of BIS.

10. In case (name of the organization/expert) is unable to complete the project to the
satisfaction of BIS in stipulated time or extended time and leads to termination of the research
project, BIS shall be entitled to claim the refund of fund so sanctioned with interest @ 10
percent thereon from (name of the organization/expert).

11. The authority to extend the duration of the project shall rest with BIS.

12. BIS shall have the right to formulate monitoring methodology of the Research &
development project.

13. Dispute Resolution: In case of any dispute that cannot be resolved amicably, it shall be
referred to Sole Arbitrator appointed by the Director General of the Bureau of Indian standards,
whose decision shall be final and binding upon both the parties. The provisions of the
Arbitration and Conciliation Act, 1996, as amended from time to time, shall be applicable.

14. Undertaking given by project leader, if any, shall be part of the agreement.

15. (Name of the organization/expert) shall be responsible for discharge of all its obligations
of the project through the nominated project leader or any other expert/expert(s) in case of
necessity particularly in respect of management of financial assistance given to them. (Name
of the organization/expert) shall refund any excess/unutilized amount of the fund to BIS.

16. Release of subsequent instalments is subject to satisfactory progress, required stage - wise
deliverables and submission of the Utilization Certificate (UC) as per Form GFR12-A of GFR
2017 along with the statement of expenditure (SoE) issued by the Competent Authority.

17. (Name of the organization/expert) shall ensure that Project leader shall give presentation
on the progress of project to BIS as and when directed by BIS for continuation of the project,
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and shall assist in the disposal of comments received related to the Research & development
Project.

18. The project shall be deemed to have been commenced from the date of release of sanction
letter.

19. (Name of the organization/expert) shall ensure that while publishing the results of research
& development, acknowledgement to the effect that financial assistance so received from BIS
be made in the research papers published/ other published work/ press reports.

20. Procedure for screening/evaluation, selecting, monitoring Research & development
projects prescribed in “Guidelines for Research & Development Projects for Formulation and
Review of Standards’ shall be part of the agreement.
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ANNEX E

OPERATION OF FUNDS AND PROGRESS REPORT

1. Title of the Project: Project number:
2. Name & Address of Project leader: Date of Commencement:
dd/mm/yyyy

3. Details of Equipment Purchased (if any):

Date of purchase/
placing order for
each item of
equipment

Name of equipment Cost Supplier

NOTE - The equipment fund once fixed cannot be enhanced. Project leaders are advised to
give authenticated estimates of the cost of equipment. Equipment should invariably be
purchased within 1 month from the date of receipt of the fund and/or sanction letter.

4. Fund received :
5. Expenditure made in Rupees: (Please provide the details)

Expenditure Amount Taxes (as Total
applicable)

Manpower cost

Consumables

Equipment

Travel

Others

Grand Total

6. Amount saved (if any) from the last instalment: Rs

7. Date on which scheme will complete its normal tenure of months

8. Whether extension beyond normal tenure has been requested. Yes /No.

If yes, justification for extension and programme of work to be completed. Also mention
as to why the work could not be completed as per the original plan.

{Extension beyond normal tenure should be requested at the Project Monitoring Session
before end of tenure (as given in ToR)}.

9. Constraints (if any) faced in the progress of work and suggestions to overcome them.

10. Any deviation from original plan with its nature and cause.
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11. List of publication giving full bibliographic details accrued from this project (copies of
the paper (s) should be enclosed).

12. Summary of work done (200 words).
13. Proposed programme of work for the next month (1000 words).

14. Detailed Progress Report enlisting the objectives in beginning briefly (up to five pages
maximum).

Signature of Project leader
Date:

Note: No column should be left blank; write not applicable (NA), wherever applicable.
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TEMPLATE FOR THE TERMS OF REFERENCE FOR THE R&D PROJECTS
(Refer to the Guidelines on R&D Projects issued vide note SCMD/R&D dated xx-09-23)

Title of the Project: Mention the title of the project.

Background:
a) Mention the Technical Committee and Division Council the project is related to;
b) Mention the standard / document no. for the standard under development or review
to which the project is related to;
c) Briefly explain the rationale for the commissioning of the project.

Scope: Mention the scope of the project.
Expected Deliverables: Mention the outcome of the project.

Research Methodology:
Mention the essential components of the methodology like mid-term review, focus group
discussions, visits to the manufacturing units and/or laboratories, collection and testing
of samples etc. with the details of the sample size for them as applicable.

Requirement for the CVs:
Mention the requirement for the CVs of the persons to be engaged for the project.

Timeline and Method of Progress Review:
Suggest the stagewise timelines including that for the submission of the first draft, final
draft and the report and the mechanism for the review of the progress.

Support BIS will Provide:

Indicate the support BIS may provide in terms of the standards, other publications,
information regarding manufacturers and labs etc.
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AAP  2024-2025 MTD 3.xlsx
Sheet1

		MTD 3 Annual Action Plan 2024-2025

		Sl No.		IS No.		TITLE/ SUBJECT		Category		Decision if proposed on review		DOC NO (if any)		Carry forward/New		Priority Grading		Stage as on date		To be taken up by		WORKING DRAFT		P DRAFT		WC DRAFT		F DRAFT		PUBLICATION

		1		New		Methodology for fatigue threshold of Materials -		NWIP						taken up in 2024-25		Grade 7- Proposal from any other stakeholder		NWIP proposed		Committee members

		2		ISO 12106:2017		Metallic materials
Fatigue testing -- Axial-strain-controlled method		NWIP				MTD/03/24421		Carry forward from 2023-24		Grade 7- Proposal from any other stakeholder		WC-Draft

		3		ISO 11531 : 2022		Metallic Materials Sheet and Strip Earing Test		NWIP				MTD/03/24371		taken up in 2023-24		Grade 7- Proposal from any other stakeholder		WC-Draft

		4		IS 17418 : 2020 
ISO 16842		Metallic Materials - Sheet and Strip		Revision						taken up in 2023-24		Grade 7- Proposal from any other stakeholder				Committee members

		5		IS 3394: 1985		METHOD FOR ACCELERATED LIFE TEST OF ELECTRICAL RESISTANCE ALLOYS FOR HEATING ELEMENTS		Revision				MTD/03/24951		taken up in 2023-24		Grade 11- Pre 2000		WC-Draft

		6		IS 10167: 1982		Method for upsetting test on metallic materials		Revision				MTD/03/20807		Carry forward from 2023-24		Grade 11- Pre 2000		WC-Draft

		7		IS 6886: 1973		Method of dynamic force calibration of axial load fatigue testing machines by means of a strain gauge technique		Revision				MTD/03/20809		taken up in 2023-24		Grade 11- Pre 2000		WC-Draft

		8		IS 17416 : 2020 
ISO 14556 : 2015		Metallic materials — Charpy V-notch pendulum impact test — Instrumented test method		Revision				MTD/03/23767		taken up in 2023-24		Grade 7- Proposal from any other stakeholder		WC-Draft

		9		IS 17795 : 2022 
ISO 204:2018		Metallic materials — Uniaxial creep testing in tension — Method of test		Revision						taken up in 2023-24		Grade 5- Standard already revised/ replaced by a new one		Working Draft		Committee members

		10		IS 17419: 2020 
ISO 17340: 2014		Metallic materials - Ductility testing High speed compression test for porous and cellular metals		Revision						taken up in 2023-24		Grade 7- Proposal from any other stakeholder				Committee members

		11		IS 17418 : 2020
ISO 16842 : 2014		Metallic Materials - Sheet and Strip - Biaxial Tensile Testing Method Using a Cruciform Test Piece		Revision		Not applicable				taken up in 2023-24		Grade 7- Proposal from any other stakeholder				Committee members

		12		IS 1501 (Part 4) : 2020
ISO 6507-4 : 2018		Metallic Materials — Vickers Hardness Test Part 4 Tables of Hardness Values ( Fifth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		13		IS 1501 (Part 1) : 2020
ISO 6507-1:2018		Metallic Materials — Vickers Hardness Test Part 1 Test Method ( Fifth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		14		IS 1501 (Part 2) : 2020
ISO 6507-2 : 2018		Metallic Materials — Vickers Hardness Test Part 2 Verification and Calibration of Testing Machines ( Fifth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		15		IS 1501 (Part 3) : 2020
ISO 6507-3 : 2018		Metallic Materials — Vickers Hardness Test Part 3 Calibration of Reference Blocks ( Fifth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		16		IS 12261 : 1987		Method for reverse torsion test for metallic wire		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		17		IS 13237 : 1991		Metallic foil - Tension testing		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Member secretary

		18		IS 1403 (Part 1) : 1993
ISO 7799:1985		Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		19		IS 1598 : 1977		Method for izod impact test of metals (First Revision)		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		20		IS 1757 (Part 1) : 2020
ISO 148-1:2016		Metallic Materials — Charpy Pendulum Impact Test Part 1 Test Method ( Fourth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		21		IS 1828 (Part 2) : 2015
ISO 7500-2:2006		Metallic materials - Verification of static uniaxial testing machines: Part 2 tension creep testing machines - Verification of the applied force (First Revision)		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		22		IS 2855 : 1991		Thermostat metals - Determinantion of flexivity (First Revision)		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		23		IS 3410 : 1993		Metallic materials - Determination of linear thermal expansion (First Revision)		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		24		IS 3711 : 2020
ISO 377:2017		Steel and Steel Products — Location and Preparation of Samples and Test Pieces for Mechanical Testing ( Third Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		25		IS 4169 : 2014
ISO 376 : 2011		Metallic materials - Calibration of force proving instruments used for the verification of uniaxial testing machines (Second Revision)		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		26		IS 6885 (Part 4) : 2020
ISO 4545-4:2017		Metallic Materials — Knoop Hardness Test Part 4 Tables of Hardness Values ( Second Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		27		IS 6885 (Part 1) : 2020
ISO 4545-1:2017		Metallic Materials — Knoop Hardness Test Part 1 Test Method ( Second Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		28		IS 6885 (Part 2) : 2020
ISO 4545-2:2017		Metallic Materials — Knoop Hardness Test Part 2 Verification and Calibration of Testing Machines ( Second Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		29		IS 6885 (Part 3) : 2020
ISO 4545-3:2017		Metallic Materials — Knoop Hardness Test Part 3 Calibration of Reference Blocks ( Second Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		30		IS 17413 (Part 1) : 2020
ISO 26203-1:2018		Metallic Materials - Tensile Testing at High Strain Rates Part 1 Elastic-Bar-Type Systems		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		31		IS 17413 (Part 2) : 2020 
ISO 26203-2:2011		Metallic Materials - Tensile Testing at High Strain Rates Part 2 Servo-Hydraulic and Other Systems		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		32		IS 17416 : 2020
ISO 14556 : 2015		Metallic Materials - Charpy V-notch Pendulum Impact Test - Instrumented Test Method		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		33		IS 17417 (Part 2) : 2020
ISO 4965-2:2012		Metallic Materials - Dynamic Force Calibration for Uniaxial Fatigue Testing Part 2 Dynamic Calibration Device ( DCD ) Instrumentation		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		34		IS 17418 : 2020
ISO 16842 : 2014		Metallic Materials - Sheet and Strip - Biaxial Tensile Testing Method Using a Cruciform Test Piece		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		35		IS 17419 : 2020
ISO 17340:2014		Metallic Materials - Ductility Testing - High Speed Compression Test for Porous and Cellular Metals		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		36		IS 17414 : 2020
ISO 16630:2017		Metallic Materials — Sheet and Strip — Hole Expanding Test		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		37		IS 17417 (Part 1) : 2020
ISO 4965-1:2012		Metallic Materials - Dynamic Force Calibration for Uniaxial Fatigue Testing Part 1 Testing Systems		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		38		IS 1608 (Part 2) : 2020
ISO 6892-2:2018		Metallic Materials - Tensile Testing Part 2 Method of Test at Elevated Temperature ( Fourth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		39		IS 1757 (Part 2) : 2020
ISO 148-2 : 2016		Metallic Materials - Charpy Pendulum Impact Test Part 2 Verification of Testing Machines ( Fourth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		40		IS 1757 (Part 3) : 2020
ISO 148-3:2016		Metallic Materials - Charpy Pendulum Impact Test Part 3 Preparation and Characterization of Charpy V-notch Test Pieces for Indirect Verification of Pendulum Impact Machines ( Fourth Revision )		Due for review in 2024-25		Not yet decided				taken up in 2024-25		Grade10- Due for review				Committee members

		41		IS 5070 : 1985		Method for beam unnotched impact test for grey cast iron (First Revision)		others		Not yet decided				taken up in 2024-25		Grade 11- Pre 2000				Committee members

		42		IS 3407 (Part 1) : 1983		Method for creep testing of steel at elevated temperatures: Part 1 tensile creep testing (First Revision)		others		Not yet decided				taken up in 2024-25		Grade 11- Pre 2000				Committee members

		43		IS 3407 (Part 2) : 1983		Method for creep testing of steel at elevated temperatures: Part 2 tensile creep stress rupture testing (First Revision)		others		Not yet decided				taken up in 2024-25		Grade 11- Pre 2000				Committee members





		ISO/IEC PARTICIPATION

						Number		Current status				Title		Status

				NWIP ALREADY PROPOSED		0

				NWIP TO BE PROPOSED		0

				MEETING TO BE HOSTED		0

				MEETING TO BE ATTENDED		5

				SC/WG/DOCUMENT WHERE INDIAN EXPERT ARE WORKING		9

				SC/WG/DOCUMENT WHERE INDIAN EXPERT WILL BE NOMINATED		3



		SEMINAR /WEBINAR PLANNED

						Number		Current status				Title		Month

				No of seminar planned		0		NA

				No of webinar planned		2		NA				To be decided		To be decided



		MEETING SCHEDULE

				First meeting		Second Meeting		Third Meeting				Third Meeting

				May 10, 2024		Oct 18, 2024		March 3, 2025				March 3, 2025
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