P1: Sustainable Retrofit for Structural and Energy Performance (SRESP)
Retrofitting is incessantly becoming an important issue across the urban infrastructure to address the challenges of dealing with ageing building stock which is over 25% of all building stocks in European cities [1]. The UK government has responded affirmatively by launching schemes such as Clean Growth Strategies [2] and the National Retrofit Strategy [3]. Both strategies are within the purview of decarbonisation of the UK's existing housing stock through a sustainable retrofitting program, a critical milestone on the net-zero path to 2050. However, these policies focus mainly on making ageing existing homes greener and more energy-efficient with little or no attention to structural performances. In contrast, several other structural retrofitting techniques have been developed to make existing buildings more resistant to damage. Meanwhile, in order to achieve sustainable retrofits, the retrofitting program should be driven by a combination of improving energy efficiency as well as enhancing structural capacity to damaged or vulnerable structures, which is currently lacking.
This proposed study tends to develop a sustainable retrofit program for structural and energy performance. This will greatly contribute to the UK's clean growth strategy which is to halve the cost of retrofitting existing buildings by 2030. The current retrofit techniques where only energy performances are targeted have led to campaigns for the uptake of heat pumps which are generally deemed energy efficient, but the cost implication makes its sustainability status questionable. Especially the economic aspect of it with research [4, 5] showing that nearly every home in the UK needs to be structurally retrofitted with energy efficiency measures before any low carbon heating systems such as heat pumps can be successfully implemented.  
The proposed combined retrofit approach studying the structural and energy performance of retrofit techniques for the ageing building will ultimately serve as aids in decision making when planning and during any retrofit of historic buildings.

Main Research Question
Either:
· How can retrofit solutions offer both structural and energy advantages to existing ageing buildings? 
· How is combining structural and energy retrofit solutions for decarbonization of ageing buildings enhance sustainability and attainment of net-zero 2050? 
In order to explore this question, the study will look in detail at the following areas:  
Q1: Does existing structural retrofit techniques contribute to the energy performance of existing ageing buildings, if yes by how much?
Q2: Does the current energy retrofits that are been adopted contribute to the structural performance of the retrofitted building, if yes by how much?
Q3:  Can the retrofit solutions for ageing buildings be combined to offer both structural and energy improvement?
Q4: How can automation and artificial intelligence use to support decision making when planning the retrofit solution? What are the opportunities and limitations?


P2: Artificial Intelligence for Preventive Maintenance of Historical Infrastructure (AI4PM)
P2: Sustainable Management of Historical Infrastructures using Artificial Intelligence
The ever increasing rate of population growth added to the pressure and challenges of sustainably managing the enormous infrastructure stocks in Europe. One of such infrastructure stocks is the ageing and historic buildings, which have been identified to be more than 25% of all infrastructure stocks in Europe [1]. Abandoning and subsequently demolishing these historical/ageing buildings intensifies the rapid growth of climate change [2]. In an attempt to respond to climate change, there is a need to implement a preventive maintenance approach for ageing and historical buildings to monitor fatigue and serviceability limits to determine appropriate measures to be taken either to maintain and/or retrofit.
This study proposes the application of AI to understand the structure’s life span as it relates to its construction material and to determine its stress limit. Ultimately, the outcome will impact and provide practical solutions to the current challenges of finding a standard approach to assessing ageing buildings and understanding their behaviour when fatigue sets in. The project aims to improve the general understanding of the structural behaviour of ageing and historical buildings and develop a compelling numerical suite and sustainable maintenance framework. This research will develop the knowledge and capability to support city-regional scale management of the ageing buildings within the built environment and urban infrastructures. This will eventually have significant impacts in reducing the damage or demolition of ageing buildings that might have been caused by poor judgement because of a lack of proper structural assessment.
Research Question
How can artificial intelligence and computational models develop for early detection of damages in ageing buildings to enhance sustainable preventive maintenance of historical buildings?
The research question will be answered via experimental and numerical investigation in three phases.
Phase-1: In-situ testing method to identify the key mechanical properties of ageing building materials.
Phase-2: Extensive computations using the properties obtained in phase 1 to develop a numerical framework and automation of ageing building assessment.
Phase-3: Small scale testing using digital image correlation (DIC) to measure the deformation analysis, imaging, and mechanical identification. This phase will be used to validate the numerical framework to be developed in phase 2.
