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ABSTRACT
Tripod Beta is a structured methodology developed in response to major industrial accidents, particularly the Piper 
Alpha disaster. Rather than focusing on human error as the primary cause, Tripod Beta examines the systemic failures 
that contribute to unsafe acts, namely the underlying latent conditions and failed barriers within an organization. 
This perspective article reflects on the relevance and application of Tripod Beta in today’s high-risk and complex 
industrial settings. We discuss its theoretical foundations in human factors and systems thinking, review its strengths in 
promoting organizational learning, and critically assess its current limitations, such as challenges in scalability, digital 
integration, and applicability across emerging sectors. Furthermore, we outline future opportunities for enhancing the 
method through digital tools, hybrid models, and expanded training accessibility. By repositioning Tripod Beta as a 
proactive safety strategy rather than a reactive investigation tool, we argue for its modernization and continued use as 
a valuable framework in preventing accidents and managing risk in evolving operational landscapes.
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ABSTRACT 
Regarding significant number of the people affecting by factors, such as gas poisoning, microbial, and heat exhaustion 
in mineral hot spas, the present study was conducted aimed at providing a model for measuring and managing the risk 
of using hot mineral spas. In this research, a conceptual model of risk was prepared in four stages. Firstly, 16 qualitative 
parameters were extracted, their effect weight of which was obtained based on the amount of risk for users was 
determined by fuzzy analysis method. According to the amount and standard range allowed for each parameter, 
quantitative and qualitative risk categories were obtained in five ranges for each parameter based on the obtained 
weights and opinions of the health experts. Then, the final result regarding risk of using each spa was obtained by 
combining these parameters. For assessing risk of using hot mineral spas in Ardabil province by the method invented 
in this research, at first, water samples were collected from six spas in different parts of Ardabil province. Then, risk 
management of six spas was evaluated. According to the results, the Qotursuyi spa had a high level of risk, the spas 
of Shabil, Gavmishgoli, and Qinarjeh had a moderate level of risk. Under responsible risk management, natural hot 
springs present a renewable resource for sustainable tourism development on a long-term basis.  
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INTRODUCTION 
Accident investigation is a cornerstone of occupational 
and process safety, particularly in high-risk industries 
such as oil and gas, aviation, chemical manufacturing, 
and nuclear power [1, 2]. Understanding how and why 
incidents occur is essential not only for preventing 
recurrence but also for improving the robustness of 
safety management systems. However, traditional 
approaches to investigation have historically 
emphasized proximate causes, especially human 
error. This reductionist view often leads to superficial 
conclusions and the implementation of short-term fixes 
that fail to address the deeper systemic contributors to 
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failure [3].
In the early 1990s, in the aftermath of the catastrophic 
Piper Alpha offshore oil platform disaster, the need 
for a more systemic and structured approach to 
accident investigation became apparent. In response, 
Shell International developed Tripod Beta, a method 
designed to go beyond human error and examine the 
organizational and technical weaknesses—referred to 
as  latent conditions—that allow accidents to occur. 
These latent conditions, often embedded in work 
systems, policies, or organizational culture, interact 
with immediate causes and failed preventive barriers to 
create conditions for failure [4-6].
Tripod Beta is grounded in systems thinking and 
human factors theory, particularly drawing on James 
Reason’s Swiss Cheese Model of accident causation. 
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It introduces a barrier-based logic, aiming to identify 
where barriers (technical, organizational, or human) 
have failed and why. By using a standardized visual 
format known as the “Tripod Tree,” investigators can 
map incidents from surface-level events to underlying 
causes, creating a traceable and holistic representation 
of how the event unfolded. This has proven particularly 
useful in complex environments where multiple 
systems and layers of defense interact [6-8].
Despite its theoretical strength and adoption in several 
industries, the use of Tripod Beta has not kept pace with 
technological innovation nor the growing complexity 
of modern industrial systems. Today’s safety challenges 
involve cyber-physical systems, automation, and 
new forms of organizational complexity that require 
updated methods of analysis. Moreover, there is a 
growing recognition of the need to shift from reactive 
investigation to proactive risk identification and 
mitigation. 
In this paper, we take a critical look at the current state 
of Tripod Beta, evaluating its continued relevance 
and limitations. We also propose opportunities for 
evolving the method to better align with digital tools, 
hybrid investigation models, and the needs of emerging 
industries. Through this lens, we aim to reposition 
Tripod Beta not just as an investigative technique, but 
as a forward-looking framework for organizational 
learning and resilience.

THEORETICAL FOUNDATION OF 
TRIPOD BETA
Tripod Beta was developed by Shell in the early 1990s, 
inspired by the work of Professor James Reason. It is 
built around three core concepts:
1. Latent Failures: Organizational or system-level 
weaknesses that remain dormant until triggered.
2. Immediate Causes: Unsafe acts or conditions directly 
involved in the incident.
3. Failed Barriers: Protective systems or controls that 
failed to prevent the incident.
The method uses “Tripod trees” to model incidents, 
tracing paths from the incident back through failed 
barriers and latent conditions, ultimately revealing 
systemic flaws in design, training, communication, or 
leadership [6].

CURRENT APPLICATIONS AND 
STRENGTHS
Tripod Beta has found adoption across several high-
risk sectors. Its structured methodology:
• Encourages systemic thinking over blame culture.
• Enables multidisciplinary investigation teams to 

identify organizational vulnerabilities.
• Produces reports that are actionable and useful for 
long-term safety improvements.
It has been praised for its ability to capture complexity 
and facilitate learning from incidents, particularly 
in cases involving human-machine interactions and 
layered safety barriers [9].
 
CHALLENGES AND CRITIQUE
Despite its advantages, Tripod Beta faces several 
challenges in today’s dynamic safety environment:
• Resource Intensive: It demands trained facilitators 
and time-consuming analysis, limiting its use in smaller 
organizations.
• Static Modeling: Tripod trees are static and may not 
adequately reflect the dynamic interactions within 
complex socio-technical systems.
• Limited Integration: The method remains largely 
isolated from real-time risk monitoring tools and digital 
safety platforms.
• Underutilized in Developing Countries: It is due to its 
methodological complexity and training requirements.
These limitations raise the question: How can Tripod 
Beta evolve to stay relevant in the age of data-driven 
safety management [10]?
 
OPPORTUNITIES FOR EVOLUTION
To enhance the effectiveness of Tripod Beta, we 
propose several future directions:
1. Digital Integration: Embedding Tripod logic into 
safety software tools and dashboards can streamline 
investigation and visualization.
2. Hybrid Models: Combining Tripod Beta with bow-tie 
analysis, STAMP (System-Theoretic Accident Model 
and Processes), or AcciMap for broader systemic 
insight.
3. Training Simplification: Developing modular online 
training to reduce the learning curve.
4. Cross-sector Adaptation: Adapting Tripod Beta to 
emerging domains such as healthcare, robotics, and 
cybersecurity.
5. Data Analytics: Using machine learning to analyze 
trends across Tripod investigations and predict future 
barrier failures

DISCUSSION AND TAKE-HOME 
MESSAGE
Tripod Beta remains one of the most intellectually 
robust and systemically grounded incident investigation 
tools available. However, without modernization and 
digital synergy, it risks obsolescence in a fast-changing 

http://ijoh.tums.ac.ir


190

November/December 2022, Volume 7, Issue 6
A Perspective on Proactive Incident in High-Risk ... 190 / 190 | IJOH | October 2022 | Vol. 14 | No. 4

industrial landscape. We believe that a revitalized 
Tripod Beta—one that is more agile, digitally 
enhanced, and cross-sectoral—could significantly 
advance proactive safety management and learning 
from failure. Ultimately, it is not the method alone but 
the mindset it promotes—a systems-thinking approach 
to human error and risk—that holds the key to safer 
organizations. 
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