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Overview

Many industrial facilities have all sorts of design, operation, process, 
and asset specific information stored in various systems of record to 
maintain the facility and understand how the facility operates. This 
information is critical to success for reliable operations. However, 
this information usually lives in independent, disconnected data 
silos. For example, different information lives in different software 
platforms that rarely ever, if at all, talk to one another. Or, there may 
be information that is important for decision making that does not 
even exist within a piece of software or data management system 
and, therefore, not able to be leveraged by decision makers. This 
eBook will discuss how to eliminate the silos that exist within your 
data systems, how to use that information to help drive better 
decisions, and how to get value out of your data for better reliability 
operations. 
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The Challenge: Many Systems 
Have Siloed Architecture and Data 

Facilities use a variety of systems, processes, and 
tools to maximize production. For example, there are 
process data historians and work order 
management systems for planned and unplanned 
work, and there are historic documents around 
studies, PHAs, corrosion models, and more—which 
update over time as the plant changes. There are 
also work management systems, such as your 
Computerized Maintenance Management System 
(CMMS), and your operation windows that you may 
live within.

These pieces of information are all very dynamic, 
with numerous changes and users in them. In 
addition, different pieces of information speak to 
one another to inform you on the status of the entire 
facility—the assets, the way they run, and the way 
they are expected to run in the future.

Process Data
Process Historian 

Work Orders, Notifications, Bill of Materials 
(CMMS)

Equipment Files
Document Management System

Process Hazard Analysis
PHA Software

Risk and Asset Strategies
RBI Software

Real Time Ultrasonics
Condition Monitoring Platform

Inspection Data and Histories
IDMS

Special Emphasis Projects
Spreadsheets or Software

Key Documentation: Drawing 
Management Isometrics, P&IDs, 
3D Models
Visualization Software

Unmitigated Risk
Leaks Failures

Cost Prohibitive
Downtime and Causes

Production Loss Accounting
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The goal that we seek with this information is ultimately to prevent 
unplanned failures, optimize uptime, and manage risks. Now, you can do 
this through traditional methods with pencil and paper and good 
discussions with engineers. But you also need to pull in this information 
about these pieces of equipment from your real-time condition 
monitoring data systems, from your operations information, from the 
historic equipment, and all the design changes that exist beyond that. And 
sometimes, most importantly, those spreadsheets that live on your 
desktop. 

Now, why does the challenge of having this information in different 
systems present a major reduction in efficiency? And why does it prevent 
us from unlocking the full potential? Usually, managing systems with siloed 
data results in a couple of key inefficiencies and ineffectiveness. Systems 
that have siloed architecture and data often result in: 

1. Wasted time from engineering and management trying to retrieve 
data. 

2. Risk due to overlapping or outdated data. 
3. Misaligned or overlapping models that require subjective decision 

making. 
4. Disconnected models that are difficult to update.

To begin, it’s a waste of time for engineering and management to work 
through repeat assessments that have already been done. Next, you've 
got a risk of overlapping or out of date information, whether that's P&ID 
revisions or what existed from the last shutdown hasn't been updated to 
represent the new reality. In another scenario, you could have models that 
overlap or are misaligned. For example, one group may own a piece of 
information that is critical for another piece of information or group's 
models, and they don't interact with each other, meaning they’re blind to 
one another's understanding of what's happening within the facility. The 
final challenge relates to models being out of date. They are static, and 
they rarely take in the most recent real-time information for how the 
plants are operating. 
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How Data Relates to Decisions

To connect data to business decisions, we recommend the following framework, 
which we refer to as Data-Driven Reliability. This framework ensures the right 
data fuels the right intelligence, for confident, strategic decisions. 

Data Collection: 
Data collection is the first thing you should ensure is truly effective. This can 
mean pulling in historic documents, digitizing static records, and ensuring that 
you have solutions to pull in living information and current state assessments 
and process historians.

Data Organization: 
Information systems obviously need to live in their own native systems. There's 
not a one-stop shop for getting vibration monitoring information, and a process 
historian, and an economic downtime loss accounting system, and work 
management system. These need to live in different systems because those 
systems are designed and built to manage specific type of information. However, 
the information that is important for other systems can be contextualized and 
extracted out of those systems into central repositories. 

With today's technology solutions, we're able to pull in information from various

Strategic Decisions

Intelligence

Data Organization

Data Collection

systems with extreme efficiency and a lot more intuitiveness, using 
things like machine learning, big data processing tools, as well as 
some better information technology systems such as data lakes 
and Power BI dashboards, in order to pull information that matters 
into a single location, have it relate to other information that's 
applicable, and then visualize that quickly for extraction.

https://pinnaclereliability.com/data-driven-reliability/
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Intelligence: 
After creating a solid data foundation, the next step is to apply intelligence to 
the data. Information for information’s sake won’t get you far, nor does it help 
you make repeat decisions or engineered, optimized decisions—which need to 
take in the complexities of all these different pieces of information. By building a 
modeled solution to intelligence, you're able to feed data into a system which is 
able to process information intelligently and spit out result that can then be 
digested by stakeholders at the facility to say, “What do we need to go do about 
this?” or “What action should we go take and what recommendations should we 
be facing?”

Strategic Decisions: 
That leads us up to the final tier, which is to make strategic decisions. At this 
point you should have data pulling in from many different systems speaking to 
one another and available for analysis. You should also have a systemic 
approach to analyzing that data in a consistent manner. By using models and 
engineered data science, you can then output something that is digestible for 
the right person to make a decision on. These decisions can be very small and 
tactical—for example, determining a piece of equipment needs to be repaired 
at a certain time to optimize its life cycle cost. Or, they could be larger decisions, 
such as whether to push a turnround out by a year (and understand what the 
impacts are of that decisions). 

Strategic Decisions

Intelligence

Data Organization

Data Collection

There are a lot of different decisions that a facility faces on a 
regular basis, and the ability to make those decisions effectively, 
efficiently, and with high accuracy is critical to the success of that 
operation.
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Example of How to Get There

We've seen facilities be successful with an information system that is able 
to pull data from different systems using connectors. Instead of trying to 
replicate data in any system between software A into software B, or B back 
into A, the connector essentially pulls the important pieces of information 
from each system and places it all together into a neutral area. Once the 
data has been integrated, there are tools and analytics applied to 
contextualize the data—for example, natural language processing, entity 
matching, and etc. Essentially, a map of information is created. Once these 
information points are present, with multiple systems linked, the model is 
able to understand when new data comes in, when things need to be 
refreshed, when data is missing, and when there are data quality 
problems.

A note about data quality: Data quality is critical for a good model. We've 
always heard the expression “garbage in, garbage out.” You can trick 
yourself into a false sense of security if you're not paying attention to the 
quality of the data that comes in. Now, sometimes that means better tools 
and analytics, and sometimes that can mean good, old fashioned, 
disciplined operation processes.

In regard to human engineering of data, it is crucial to maintain accurate 
and updated information so that the models are able to provide the most 
accurate results. Trying to reverse engineer a failure many months or 
years after the fact is usually very challenging to do, whereas one extra 
piece of information that someone's able to put in at the work order 
management system, even though it doesn't affect them, will help the 
reliability engineer process later on. And that human change to your 
process can make a massive difference in breaking down silos as well.
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System Data 
Contextualization
Once the information is contextualized and set up for success, the goal is 
to empower better modeling, better intelligence, and better decisions. 
One of the things we can typically do here is get all this information at 
the fingertips of the person that's trying to make those decisions. Having 
that data readily available informs and empowers that person enough 
so that they can analyze whatever challenge they are facing. For 
example, different pieces of information may not be adding up the way 
they should be, pinpointing particular areas that need to 
be investigated for data quality.

The ability to have information from your CMMS, your process historian, 
and your operation window excursions right next to your asset specific 
storage retention systems—such as asset performance management, 
condition monitoring data, or static equipment design data—in one 
system of record for one viewport is critical to the success of that person 
that's sitting at the desk saying, “What do I need to go do?”

All relevant data per asset at your fingertips for analysis.

• Equipment Details: Includes information from systems such as a 
Computerized Maintenance Management Systems (CMMS) and 
Inspection Data Management Systems (IDMS).

• Documents: Includes documents from centralized document 
management systems.

• Measurement Data: Condition Monitoring data from sensors, 
inspections, and PM routes.

• Time Series Data: Includes times series data such as process and 
operations data from historians.

• Events: Includes information such as events captured in 
maintenance management systems.
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Events Contextualized 
from CMMS

Time Series Data contextualized 
from process historian and 

condition monitoring systems

Taking things a step further, what if there was a model that provided 
a consistent approach to ingesting information and digesting 
something out that helps make those decisions quicker?

Here, we’d like to present examples of how data is able to drive 
reliability decisions by using an intelligent model. As we work through 
this example, think of the different data points that exist in your 
facility that could be fed into this model to achieve more nuanced, 
asset-specific decisions.

Data from Exchanger 
contextualized from 

CMMS or IDMS

Documents 
contextualized from 

Documentation 
Management System
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Lifetime Variability Curve

Recent advancements in technology have enabled facilities to collect 
more data than ever before. However, with access to more data comes a 
new challenge of knowing how to use it. 

Many models are static and have to be manually updated as new data is 
collected. Having a model that updates as new data is collected will 
provide facility leaders with a more complete picture of an asset. 

We’d like to introduce a model called the Lifetime Variability Curve (LVC). 
The LVC is a stochastic probability model that provides a more accurate 
and precise probability of failure analysis for your asset. This model can 
also continually be fed data. The LVC is used to model data behavior and 
dynamically adjusts failure forecasts through identifying and quantifying 
trends, changes in data states, and uncertainty in key data features and 
inputs. It is data agnostic and can handle any critical reliability data, 
including inspection, condition monitoring, and process data.

https://pinnaclereliability.com/learn/topics/what-is-a-lifetime-variability-curve-lvc/
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Centrifugal 
Pump Example
Let’s look at how the LVC model works. Here we have an example looking at 
a centrifugal pump. And we want to narrow our analysis down even further 
to look at the drive in bearing. We’ll then narrow it further to look at the 
radial vibration in the Y direction—just one data point.

With a traditional vibration model, we take some readings and then use 

something like the ISO 10816, or some other kind of standard, to tell us when 
things are good—when values are in a good range and when values are in 
unsatisfactory or unacceptable ranges. These tools help to guide decision 
making. Well, that's good for the right now but what about planning for the 
future?

Example: Vibration Radial Y Direction
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Understanding Failures

Let's take a look from a data-driven model. Say we have 
data coming into the model. Things are going along, and 
all of a sudden, we begin to see an onset of damage. We 
don’t really care where it goes from A to B level range. 
What we really care about is the critical value, that point 
where we have to something. For example, “Do I need to 
replace the bearing? Do I feel comfortable letting it run a 
bit longer? Do I need to go put some grease on it?” So 
how do we get to that point?

Category D

Unacceptable

1,77

1,1

0,71

Unsatisfactory
0,48

0,28

Category C Satisfactory
0,18

0,11

Category B

Good

0,07

0,04

Category A

0,03

0,02

0,01

Class I Small 
Machine

Class II Medium 
Machine

Class III – Large 
Machine, Small 

Foundation

Class IV - Large 
Machine, Rigid 

Foundation

Vibration 
velocity Vrms
(inches/sec)

ISO 10816
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How does the LVC work?
There are a couple of quick things you can do using this data that gives 
you some powerful information. If you take the data at this point and 
extrapolate the information out, you can run that all the way up to the 
critical value and then come up with an estimated date of failure.

But what if you want to see the earliest failure point and the latest 
failure point of the asset? The LVC runs confidence bounds that go 
along with the data to give the statistically earliest and latest point of 
when the asset or component can fail.

Now, how can you take this information and move it to a probability of 
failure model?

We've all heard about the Weibull analysis—most of us have probably 
used it at some point. However, many people struggle with making the 
jump, getting the etas and the betas and different parameters in into 
the model from the data you have. Some information is easy to do, 
some information is not so easy to do. But the LVC makes it easy.
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Let's paint a scenario. Say, for instance, that you have your earliest and 
latest failure bounds, and you have your estimated life bounds. Next, 
we pick a point on the Y-axis—call it B1. We're going to generate a line 
with a slope that runs up to the critical value. Then we’ll generate 
another line, and another line, a couple thousand times. Then we’ll do 
the same thing for a second point, a third point, a fourth point, etc., Well, 
what you find out is that when you get enough of these points lined up 
going to critical value, they start to group themselves together. With the 
groupings, you can start counting how many times the critical value 
line is crossed. This gives you your histogram that you can now use and 
that's your distribution.

This is a key part about how the LCV is really powerful, because getting 
to this point is sometimes very difficult. Oftentimes the way it's done is 
to get a population of failures. People go and grab all the failures that 
come out of their SAP system, or their other CMMS, or whatever system 
they are using, and say, “This is the population of whatever happened, 
and these are the failures.” So, it could be seal failures, it could be 
bearing failures, it could be anything. But for the example we are 
discussing now, we really want to know just about this particular 
bearing. So being able to go through this analysis gives us a way to 
look at the probability of failure for just the bearing.
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Once we have the histogram, we can then move it to a 
linear form of the Weibull. In this particular model we’ve 
used the median rank method, but you can use any of the 
other ones that are available. Then, from that point, we run a 
quick linear regression of the data coming out of the Weibull 
to get the etas and betas. From there, we can take those 
etas and betas and translate them down into the Weibull 
formula. Now we have a an easy to use, two-parameter 
Weibull.

The great thing about the LVC model is that you can put 
new data points in as they become available, rerun it, and 
everything recalculates. You don't have to go back and start 
from scratch and redo everything. But more importantly, 
as we're breaking down silos between data systems deal, 
we're also breaking down silos between data system 
owners.

And by having a simple-to-understand probability of failure curve over time, reliability 
department stakeholders should be able to speak to other team members and peers in 
operations, maintenance, or leadership about what’s going on with a piece of 
equipment. Collaboration is improved when everything is based off data because it 
takes the subjectivity out of everything.
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How Does it Adapt 
with New Data?
The LVC model is a sustainable model that can take in new data 
points over and over again to recalculate as needed. And, as 
new data points are added, the confidence bounds are going to 
close up as uncertainty is reduced. This means that as new data 
is added over time, the model becomes more confident in where 
the actual asset failure will be, based upon the asset’s actual 
data.
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What about the Fixed Equipment 
Pipe Circuit Feeding the Pump?
The beauty about the LVC model is that it can use any type of data. We 
can look at fixed equipment, piping, a pump, instrumentation, etc. Any 
data source can be applied to the LVC. You could even look at a piece of 

fixed equipment and the piping coming into it. You can take your thickness 
readings, run them through LVCs, go through the Weibulls, and determine 
probability of failure.
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When it comes to breaking down 
silos, this model empowers you to 
go to go other groups in your 
facility and talk about how they’re 
getting information. You can 
correlate pumps, compressors, 
heat exchangers, etc.

So now all these channels are being 
broken down because not only do 
you have all your data in one 
platform, but now you have a 
process for analyzing this 
information that goes across all 
platforms. It's a Rosetta Stone, if you 
will, of translating data from one 
language to another. Everyone is 
speaking the same thing by using 
that incoming data.
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Example - Calculations

For example, let's say that you have an asset that has 3 components, and 
each component has its respective PoFs at this point in time.

Component 1
PoF = 1.2% Reliability = 100 - 1.2 = 98.8%

Component 2
PoF = 1% Reliability = 100 - 1 = 99%

Component 3
PoF = 0.5% Reliability = 100 - 0.5 = 99.5%

The overall Reliability of the asset is R(t)Total = .988 x .99 x .995 = 0.973 = 
97.3%

Convert the Reliability into its PoF = P(t)Total = 100% - R(t)Total = 100% -
97.3% = 2.7%

The total PoF for the asset is 2.7%

We just did a very simple explanation of this using one data point. But we 
all know there's much more information that we can get off of a pump, 20 
or 30 more data points, easily. A lot of times we get asked how to roll this 
up from one data point to get to the probability of failure of the asset.

Here’s how we can calculate it. The reliability of an asset is one minus the 
probability of failure. 

For example, let's say that you have an asset that has 3 components, and 
each component has its respective PoF at this point in time. If the POF for 
component one is 1.2%, 100 minus 1.2 equals 98.8% reliability. You do the 
same calculation for the other components, with component two at 99% 
reliability and component three at 99.5% reliability.
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From there, we can multiply them all up to come up with a 97.3% reliability, 
then it's just the same conversion back over. Subtract reliability from one 
and now we have our probability of failure. For this particular instance 
here, the total probability failure for the effort is 2.7%. So now, we’re able to 
able to take all those data points that we just talked about, aggregate 
them up to the overall asset, and now we have probability of failure for the 
asset, using its own data, not a population of data from other assets.

And going back to what we know about how the LVC updates with new 
data, this probability of failure is dynamic over time, both as the asset 
ages in accordance with the model and as we get more data into the 
model. So, if something continues to go on the expected path, the 
probability of failure would be reinforced and better understood.

If something goes off the path, the model is able to identify there's an 
anomaly or an uncertainty change and update the POF. It shows flags and 
shows you things that are quick movers. For example, if you have a 
vibration spike that's happening quickly or something that's happening 
gradually over time, the model can work in either one of those scenarios.

Going back to the idea of taking these pieces of information and distilling 
them into decisions, having this kind of information, such as forecasted 
likelihood of failure, can help leaders justify spend or justify certain repairs 
or replacements during the next major shutdown. Overall, it can drive 
better decision making amongst the different groups at a facility.
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Conclusion and 
Takeaways 

Major Takeaways:

• Quality data is the foundation of a strong reliability program. 

Today, a lot of data collection, organization, and analysis is 

human dependent, inefficient, and vulnerable to quality issues.

• A data-driven approach to reliability will help break down data 

silos.

• Connecting individual asset data in a centralized location will 

help facilities determine the impact of a specific asset on its 

entire facility.

Data-driven models allow you to hone in on the impact that specific data 

points have on the performance of a facility and create a more simplified 

probability of failure curve over time. In additional to rotating equipment, 

these models can also be used for piping and fixed equipment. As a result, 

reliability department stakeholders will be able to speak to operations, 

maintenance, and leadership.

For more relevant resources, visit the following links.

Quantitative Reliability Optimization (QRO) – A data-driven approach to 

reliability. 

Newton™ - An application which facilitates the QRO methodology and 

provides a system-level view.

https://pinnaclereliability.com/learn/topics/quantitative-reliability-optimization/
https://pinnaclereliability.com/solutions/newton/

