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Abstract

Infrastructure networks like roads, bridges, and buildings have considerable value in the
nations’ economies. Infrastructure networks have been modernized and gained complexity
over time, putting owning organizations worldwide under pressure to ensure their proper
functionality and sustainability. Infrastructure Asset Management is the key solution to
this challenge. It is the process of maintaining, upgrading, and operating infrastructure
assets cost-effectively through a set of functions. The main function is to determine the
assets conditions in the network, whether the current ones or the projected future
conditions. Such function as such is the key for making optimum decisions and developing
priority plans over the planning horizon. Both current and future conditions are highly
dependent on information and data management. This data management may be an
obstacle confronts seeking rational repair strategies.

Blockchain technology gained fame with the introduction of the Bitcoin cryptocurrency in
2009. It is used as a data management mechanism to distribute and circulate Bitcoin
transactions safely. Later, researchers extended the use of blockchain to other areas.
Blockchain technology is rapidly evolving and as 2022 the latest generation of
Blockchain, Blockchain 4.0 was introduced. It integrates Blockchain with Al, adding a
robust computation and decision analysis dimension to its original data management
capabilities.

This research introduces blockchain-based Al condition assessment framework, for
monitoring and assessing the current condition and predicting the future condition of
building infrastructure assets. The framework follows a four-step methodology, as such:
(1) developing a permissioned blockchain network to manage and exchange asset
information while boosting collaboration and coordination between relevant stakeholders;
(2) incorporating chain-codes to regulate the Blockchain's behavior; (3) incorporating a
trained, tested, and validated ANN model to the prediction chain code to perform analytics
and predict asset conditions; and (4) validating the system’s workability and performance
using two case studies and a created frontend interface. The system’s performance is
technically evaluated in terms of transfer latency, privacy & security, storage size, and
system scalability. The average latency for the writing and reading was less than 5000 and
2000 milliseconds, respectively. Also, the system has the capability to be upscaled at any
time to accommodate the use case under consideration without the need to rebuild the
whole system.

The two case studies for validation are a minor one of 134 doors and a major global one of
35 buildings’ structural system. The machine learning models were developed using
NeuroSolutions Software Version 6.0. The ANNs included in the chain codes of the two
case studies showed a promising result with R? values of 0.99, 0.98, and 0.99 for training,
cross-validation, and testing sets, respectively, for doors ANN. While R? values of 0.98,
0.99, and 0.93 for training, cross-validation, and testing sets, respectively, for the
structural system ANN. Which proves the reliability of the system.

Vi
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