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Project abstract:
Since the adoption of Grade 91 steel in power plants, premature failures of weldments have been reported. Grade 91 steel is a 9wt%
Chromium (Cr), creep strength enhanced ferritic steel (CSEF) that was developed for improved strength at high operating temperatures.
This allows power plants to operate at higher temperatures resulting in improved power plant efficiency. Grade 91 steel is used in the
superheater section of the boilers as well as main steam pipe where joining of the pipes is inevitable. In the case of pipe applications, the
steel is referred to as P91. A key factor for successful installation of P91 is optimised welding and post weld heat treatment (PWHT),
where the latter is deployed to restore the mechanical properties after welding. Although optimum PWHT is prescribed, deviations in the
field practices can potentially lead to accelerated component degradation and failure. Consequently, a full understanding of cross-weld
behaviour as a function of deviation in PWHT is required. Purpose Weldments are generally highly composite in nature (includes base
metal or parent metal, heat-affected zone (HAZ) and the weld metal with varying mechanical properties. Macro-tensile properties will not
differentiate the behaviour of the different weld zones. This study focuses on the localised strain across a welded tensile test specimen. A
localised strain map is obtained during high temperature tensile deformation which assists in understanding the influence of PWHT on
the overall performance of the cross-weld, and in particular allows the identification of the most vulnerable microstructure components.
Theoretical framework Middleton et al [1] assessed the risk of weld-related failures following reports of premature weld-related failures in
P91 steel. They created a weld failure location predictor diagram that gives a broad perspective but, it does not accurately identify the
region where failure occurs in the different weld zones. Doubell et al [2] investigated the effects of variations in heat treatment parameters
on performance of CSEF welds but the tensile test and cross-weld hardness results were limited to room temperature testing only. Van
Rooyen et al [3] used 3D digital image correlation to measure creep deformation of ex-service 12% Cr steel and the Gleeble 3800
thermomechanical simulator for accelerated creep testing. Their work gives insight into the parabolic temperature profile and stress
distribution on a tensile test specimen as well as a comparison of thin and thick gauge sections. K Singh et al [4] developed an
experimental technique for mapping high temperature strain localisation in steel weldments using 2D digital image correlation and the
Gleeble thermomechanical simulator for tensile testing. Their results show a similar parabolic temperature profile to that reported by Van
Rooyen et al and tensile tests performed at room temperature, 300°C and 500°C present clear indications of strain localisation at cross-
weld positions dependent on test temperature. In this work, 3D DIC is used for non-contact strain measurement and the Gleeble 3800
thermomechanical simulator is used for high-temperature tensile tests. Results and conclusions Mapping of the localized strain identifies
the location of the peak strain during a tensile test. The location of the peak strain coincides with the region most susceptible to failure
across the weldment. It was observed that the post-weld heat treatment (PWHT) condition is the major factor affecting the location of
peak strain. The location of the peak strain is not influenced by the temperature profile across the tensile test specimen as it does not
always occur in the region with the highest temperature on the specimen. Location of peak strain can be separated into weld-related
failures (WRF) and parent metal failures. The experimental results show 25% weld-related failures with the remaining failures in the parent
metal for the different test temperatures and heat treatments. WRFs in the heat-affected zone (HAZ) were observed in specimens
subjected to PWHT at 760 °C and 800 °C for 2hrs. There is a clear indication that the location of damage initiation is influenced by the
PWHT parameters, namely, the location of peak strain shifts from the ICHAZ towards the FGHAZ as the PWHT temperature increases.
Implications for Eskom and the power industry in Southern Africa The results obtained give insight into the implications of deviations in
PWHT practice for P91 pipe installations. The identification of changing tensile behaviour across weldments as a function of PWHT
contributes to understanding the metallurgical risk associated with deviations in PWHT field practices.
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Influence of post-weld heat treatment (PWHT) on the tensile behaviour of P91 weldments - Student
Outline DMP

1. General guidelines

PURPOSE OF THIS TEMPLATE - The purpose of the Outline DMP is to indicate your initial plans for how your data will be collected, shared and stored, and to give you a chance to think about these
data-focused aspects of the research process. As your begin doing your research, your data process may change, and it is perfectly acceptable to change your data management plan to
accommodate the changes in your research process. Indicate below that you understand the purpose of completing this Outline DMP template.

I understand the Outline DMP template is a projection of my anticipated data management planning requirements and should be updated as my project develops.

2. Authors and supervisors

PROJECT NAME - Replicate the title of your project, dissertation or thesis exactly as it appears in your proposal document.

Influence of post-weld heat treatment (PWHT) on the tensile behaviour of P91 weldments
 

PERSONAL DETAILS - Indicate the name(s) and student number(s) of the student(s) who will be involved in this project, dissertation or thesis.

Tinashe Jambo
JMBTIN001

SUPERVISOR(S) DETAILS - Indicate who will supervise this project, dissertation or thesis. If you do not yet have a supervisor, leave this section blank.

Professor Robert Knutsen

3. Data Collection/Generation

COLLECTION OF ORIGINAL DATA - Indicate whether or not you intend to gather/produce original data for your study, and provide a brief description of the kind of data you think you will collect. If
you are unsure at this time, indicate what you think you are most likely to collect.  If you are not intending to gather or collect your own data, declare that here.

I intend to collect original data (described below).

I intend to collect Experimental Data from tensile tests conducted on the Gleeble machine and 3D DIC software. The data will be collected according to the developed experimental matrix.
Experimental Matrix 1: 

Specimen No.
Specimen

Strain Rate (s-
1)

Test
Temperature

As
Welded

3 1x10-3 RT,300°C,535°C

HT720°C 3 1x10-3 RT,300°C,535°C
HT760°C 3 1x10-3 RT,300°C,535°C
HT800°C 3 1x10-3 RT,300°C,535°C

Experimental Matrix 2:

Description Thermal cycle Specimen  Test
Temp

Extended PWHT
(4hrs)

Heat to 760°C and dwell for 4 hours 1 535°C 

Extended PWHT
(6hrs)

Heat to 760°C and dwell for 6 hours 1 535°C 

Over-heat PWHT
(820)

Heat to 820°C, dwell for 10 mins, cool to 760°C and dwell for 2
hours

1 535°C 

Over-heat PWHT
(840)

Heat to 840°C, dwell for 10 mins, cool to 760°C and dwell for 2
hours

1 535°C 

USE OF EXISTING DATA - Indicate if you intend to re-use existing data, either from online searches or from datasets provided by your supervisor, lab, or funder. If you are not intending to re-use
existing data, declare that here.

I do not intend to reuse existing data.
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DATA SHARING - Indicate whether or not you are intending to publish your research data. If you are, indicate where you are intending to publish your data and under what licensing conditions, such
as Creative Commons. If you are not intending to publish your data, provide reasons and reference the appropriate ethical considerations, commercial applications/patenting ambition, or data re-
use agreements that prevent you from publishing your data.

I intend to share my data (details below).

I intend to publish the processed data results as in journals and conference papers.

4. Data Storage

ANTICIPATED DATASET SIZE - Indicate the estimated size of your completed dataset, and indicate whether or not you will need to access additional data storage facilities. If such storage is not
provided by your unit or department, you may need to factor in the cost of purchasing additional storage space.

20GB or less

I will store data on local computer and in the MATLAB cloud software.

DATA BACKUPS - Indicate how you plan to ensure your data is secure and retrievable in case of errors or hardware failure. Describe what procedures you will put in place to back-up copies of your
data and where they will be stored.

I intend to backup my data using a service provided by UCT (UCT GoogleDrive, UCT OneDrive, Netstorage, ZivaHub etc.).

During my data collection and analysis phase, I will backup my data each month to my UCT OneDrive account. I will do a final backup when submit my final draft for examination. 

5. Data Centre(s)/Repositories

DATA CENTRES/REPOSITORIES - Once your project, dissertation or thesis is complete, it is advisable to curate and archive your completed dataset with an established data centre or repository.
Note that you should archive your data even if you are not intending to publish it. Check with your supervisor or funder if you are required to deposit your data in a specific repository, or declare that
you will deposit the data in ZivaHub (see the Guidance section).

At the end of my study, I will deposit my data on a subject or disciplinary repository (details below).

I will deposit my DATA with the center of materials data storage facilities

METADATA - Metadata is descriptive information that others will need to make sense of your dataset. Metadata includes things like study descriptions or abstracts, study instruments (sample
collection schedules, codebooks for variables, survey instruments, etc.), subject codes, and keywords. Indicate what metadata will accompany your curated dataset.

The completed dataset will be accompanied by keywords, a short description taken from my dissertation abstract and relevant paragraphs on the data process taken from my methods section.
Example key words are : P91 Steel, Gleeble, 3D DIC , Weldments, Heat treatment 

6. Budget

BUDGET - Indicate any costs specifically relating to the management and curation of your data, such as purchasing additional storage space, digitisation of physical media, data storage or curation
charges, and data audits. Most student research will be able to make use of free options provided by UCT and will not have to budget for data costs.

I do not anticipate any data costs as my data is less than 10GB, and I will be using a storage system provided by UCT (UCT GoogleDrive, UCT OneDrive, Netstorage, ZivaHub, etc.) to curate
my data.
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