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Get to the Root Of accidents
Systems thinking can provide insights on underlying issues not just their symptoms 

By Nancy Leveson, Massachusetts Institute of Technology, and Sidney Dekker, Griffith University

an Often-ClaIMeD “fact” is that operators or 
maintenance workers cause 70–90% of accidents. It is 
certainly true that operators are blamed for 70–90%. 
Are we limiting what we learn from accident investiga-
tions by limiting the scope of the inquiry? By applying 
systems thinking to process safety, we may enhance 
what we learn from accidents and incidents and, in the 
long run, prevent more of them.

Systems thinking is an approach to problem solving 
that suggests the behavior of a system’s components 
only can be understood by examining the context in 
which that behavior occurs. Viewing operator behavior 
in isolation from the surrounding system prevents full 
understanding of why an accident occurred — and thus 
the opportunity to learn from it. 

We do not want to depend upon simply learning 
from the past to improve safety. Yet learning as much as 
possible from adverse events is an important tool in the 
safety engineering tool kit. Unfortunately, too narrow a 
perspective in accident and incident investigation often 
destroys the opportunity to improve and learn. At times, 
some causes are identified but not recorded because of 
filtering and subjectivity in accident reports, frequently 
for reasons involving organizational politics. In other 
cases, the fault lies in our approach to pinpointing 
causes, including root cause seduction and oversimplifi-
cation, focusing on blame, and hindsight bias.

ROOt CaUSe SeDUCtIOn anD 
OVeRSIMPlIfICatIOn 

Assuming that accidents have a root cause gives us an 
illusion of control. Usually the investigation focuses 
on operator error or technical failures, while ignoring 
flawed management decision-making, safety culture 
problems, regulatory deficiencies, and so on. In most 
major accidents, all these factors contribute; so to 
prevent accidents in the future requires all to be identi-
fied and addressed. Management and systemic causal 
factors, for example, pressures to increase productivity, 
are perhaps the most important to fix in terms of pre-
venting future accidents — but these are also the most 
likely to be left out of accident reports. 

As a result, many companies find themselves play-
ing a sophisticated “whack-a-mole” game: They fix 
symptoms without fixing the process that led to those 
symptoms. For example, an accident report might 
identify a bad valve design as the cause, and, so, might 
suggest replacing that valve and perhaps all the others 
with a similar design. However, there is no investigation 
of what flaws in the engineering or acquisition process 
led to the bad design getting through the design and 
review processes. Without fixing the process flaws, it is 
simply a matter of time before those process flaws lead 
to another incident. Because the symptoms differ and 
the accident investigation never went beyond the obvi-
ous symptoms of the deeper problems, no real improve-
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ment is made. The plant then finds itself in continual 
fire-fighting mode.

A similar argument can be made for the common 
label of “operator error.” Traditionally operator error is 
viewed as the primary cause of accidents. The obvious 
solution then is to do something about the operator(s) 
involved: admonish, fire or retrain them. Alternatively, 
something may be done about operators in general, 
perhaps by rigidifying their work (in ways that are 
bound to be impractical and thus not followed) or 
marginalizing them further from the process they 
are controlling by putting in more automation. This 
approach usually does not have long-lasting results and 
often just changes the errors made rather than elimi-
nating or reducing errors in general.

Systems thinking considers human error to be a 
symptom, not a cause. All human behavior is affected 
by the context in which it occurs. To understand and 
do something about such error, we must look at the 
system in which people work, for example, the design 
of the equipment, the usefulness of procedures, and the 
existence of goal conflicts and production pressures. In 
fact, one could claim that human error is a symptom of 
a system that needs to be redesigned. However, instead 
of changing the system, we try to change the people — 
an approach doomed to failure.

For example, accidents often have precursors that 
are not adequately reported in the official error-re-
porting system. After the loss, the investigation report 
recommends that operators get additional training 
in using the reporting system and that the need to 
always report problems be emphasized. Nobody looks 
at why the operators did not use the system. Often, 
it is because the system is difficult to use, the reports 
go into a black hole and seemingly are ignored (or at 
least the person writing the report gets no feedback 
it even has been read, let alone acted upon), and the 
fastest and easiest way to handle a detected potential 
problem is to try to deal with it directly or to ignore 
it, assuming it was a one-time occurrence. Without 

fixing the error-reporting system itself, not much 
headway is made by retraining the operators in how 
to use it, particularly where they know how to use it 
but ignored it for other reasons.

Another common human error cited in investiga-
tion reports is that the operators did not follow the 
written procedures. Operators often do not follow 
procedures for very good reasons. An effective type of 
industrial action for operators who are not allowed to 
strike, like air traffic controllers in the U.S., is to follow 
the procedures to the letter. This type of job action can 
bring the system down to its knees.

Figure 1 shows the relationship between the 
mental models of the designers and those of the 
operators. Designers deal with ideals or averages, 
not with the actual constructed system. The system 
may differ from the designer’s original specification 
either through manufacturing and construction vari-
ances or through evolution and changes over time. 
The designer also provides the original operational 
procedures as well as information for basic operator 
training based on the original design specification. 
These procedures may be incomplete, e.g., missing 
some remote but possible conditions or assuming that 
certain conditions cannot occur. For example, the 
procedures and simulator training for the operators 
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Figure 1. Designers and operators necessarily view systems differently.

Mental MODelS



  5    

at Three Mile Island nuclear power plant omitted the 
conditions that actually occurred in the well-known 
incident because the designers assumed that those 
conditions were impossible.

In contrast, operators must deal with the actual 
constructed system and the conditions that occur, 
whether anticipated or not. They use operational ex-
perience and experimentation to continually test their 
mental models of the system against reality and to 
adjust the procedures as they deem appropriate. They 
also must cope with production and other pressures 
such as the desire for efficiency and “lean operations.” 
These concerns may not have been accounted for in 
the original design. 

Procedures, of course, periodically are updated 
to reflect changing conditions or knowledge. But 
between updates operators must balance between:

1.  Adapting procedures in the face of unantici-
pated conditions, which may lead to unsafe 
outcomes if the operators do not have complete 
knowledge of the existing conditions in the 
plant or lack knowledge (as at Three Mile Is-
land) of the implications of the plant design. If, 
in hindsight, they are wrong, operators will be 
blamed for not following the procedures.

2.  Sticking to procedures rigidly when feedback 
suggests they should be adapted, which may lead 
to incidents when the procedures are wrong for 
the particular existing conditions. If, in hind-
sight, the procedures turn out to be wrong, the 
operators will be blamed for rigidly following 
them.

In general, procedures cannot assure safety. No 
procedures are perfect for all conditions, including 
unanticipated ones. Safety comes from operators being 
skillful in judging when and how they apply. Safety 
does not come from organizations forcing operators to 
follow procedures but instead from organizations moni-
toring and understanding the gap between procedures 
and practice. Examining the reasons why operators may 
not be following procedures can lead to better proce-

dures and safer systems.
Designers also must provide the feedback neces-

sary for the operators to correctly update their mental 
models. At BP’s Texas City refinery, there were no 
sensors above the maximum allowed height of the hy-
drocarbons in the distillation tower. The operators were 
blamed for not responding in time although they had 
no way of knowing what was occurring in the tower 
due to inadequate engineering design.

fOCUSInG On BlaMe 

Blame is the enemy of safety. “Operator error” is a 
useless finding in an accident report because it does not 
provide any information about why that error occurred, 
which is necessary to avoid a repetition. There are three 
levels of analysis for an incident or accident: 

•  What — the events that occurred, for example, a 
valve failure or an explosion; 

•  Who and how — the conditions that spurred the 
events, for example, bad valve design or an opera-
tor not noticing something was out of normal 
bounds; and

•  Why — the systemic factors that led to the who 
and how, for example, production pressures, cost 
concerns, flaws in the design process, flaws in the 
reporting process, and so on. 

Most accident investigations focus on finding some-
one or something to blame. The result is a lot of non-
learning and a lot of finger pointing because nobody 
wants to be the focus of the blame process. Usually the 
person at the lowest rung of the organizational structure 
(the operator) ends up shouldering the blame. The fac-
tors that explain why the operators acted the way they 
did never are addressed.

The biggest problem with blame, besides deflecting 
attention from the most important factors in an 
accident, is that it creates a culture where people 
are afraid to report mistakes, hampering accident 
investigators’ ability to get the true story about what 
happened. 
One of the reasons commercial aviation is so safe 
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is that blame-free reporting systems have been 
established that find potential problems before a loss 
occurs. A safety culture that focuses on blame will 
never be very effective in preventing accidents.

HInDSIGHt BIaS

Hindsight bias permeates almost all accident reports. 
After an accident, it is easy to see where people went 
wrong and what they should have done or avoided or 
to judge them for missing a piece of information that 
turned out (after the fact) to be critical. It is almost 
impossible for us to go back and understand how 
the world appeared to someone who did not already 
have knowledge of the outcome of the actions or 
inaction. Hindsight is always twenty-twenty.

For example, in an accident report about a tank 
overflow of a toxic chemical, the investigators con-
cluded “the available evidence should have been suf-
ficient to give the board operator a clear indication 
that the tank was indeed filling and required imme-
diate attention.” One way to evaluate such statements 
is to examine exactly what information the operator 
actually had. In this case, the operator had issued 
a command to close the control valve, the associ-
ated feedback on the control board indicated the 
control valve was closed, and the flow meter showed 
no flow. In addition, the high-level alarm was off. 
This alarm had been out of order for several months 
but the operators involved did not know this and 
the maintenance department had not fixed it. The 
alarm that would have detected the presence of the 
toxic chemical in the air also had not sounded. All 
the evidence the operators actually had at the time 
indicated conditions were normal. When questioned 
about this, the investigators said that the operator 
“could have trended the data on the console and 
detected the problem.” However, that would have 
required calling up a special tool. The operator had 
no reason to do that, especially as he was very busy at 
the time dealing with and distracted by a potentially 
dangerous alarm in another part of the plant. Only 

in hindsight, when the overflow was known, was it 
reasonable for the investigators to conclude that the 
operators should have suspected a problem. At the 
time, the operators acted appropriately.

In the same report, the operators are blamed for 
not taking prompt enough action when the toxic 
chemical alarm detected the chemical in the air and 
finally sounded. The report concluded that “inter-
views with personnel did not produce a clear reason 
why the response to the … alarm took 31 minutes. 
The only explanation was that there was not a sense of 
urgency since, in their experience, previous … alarms 
were attributed to minor releases that did not require 
a unit evacuation.” The surprise here is that the first 
sentence claims there was no clear reason while the 
very next sentence provides a very good one. Appar-
ently, the investigators did not like that reason and 
discarded it. In fact, the alarm went off about once 
a month and, in the past, had never indicated a real 
emergency. Instead of issuing an immediate evacu-
ation order (which, if done every month, probably 
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would have resulted in at least a reprimand), the 
operators went to inspect the area to determine if this 
was yet another false alarm. Such behavior is normal 
and, if it had not been a real emergency that time, 
would have been praised by management.

Hindsight bias is difficult to overcome. However, 
it is possible to avoid it (and therefore learn more from 
events) with some conscious effort. The first step is to 
start the investigation of an incident with the assump-
tion that nobody comes to work with the intention of 
doing a bad job and causing an accident. The person 
explaining what happened and why it happened needs 
to assume that the people involved were doing reason-
able things (or at least what they thought was reason-
able) given the complexities, dilemmas, tradeoffs and 
uncertainty surrounding the events. Simply highlight-
ing their mistakes provides no useful information for 
preventing future accidents. 

Hindsight bias can be detected easily in acci-
dent reports (and avoided) by looking for judg-
mental statements such as “they should have …,” 
“if they would only have …”, “they could have …” 
or similar. Note all the instances of these phrases 
in the examples above from the refinery accident 
report. Such statements do not explain why the 
people involved did what they did and, therefore, 
provide no useful information about causation. 
They only serve to judge people for what, in hind-
sight, appear to be mistakes but at the time may 
have been reasonable.

Only when we understand why people behaved 
the way they did will we start on the road to greatly 
improving process safety.

eSCaPInG tHe WHaCK-a-MOle tRaP 

Systems are becoming more complex. This complexity 
is changing the nature of the accidents and losses we 
are experiencing. This complexity, possible because of 
the introduction of new technology such as comput-
ers, is pushing the limits that human minds and 
current engineering tools can handle. We are building 
systems whose behavior cannot be completely antici-
pated and guarded against by the designers or easily 
understood by the operators.

Systems thinking is a way to stretch our intel-
lectual limits and make significant improvement 
in process safety. By simply blaming operators for 
accidents and not looking at the role played by the 
encompassing system in why those mistakes oc-
curred, we cannot make significant progress in pro-
cess safety and will continue playing a never-ending 
game of whack-a-mole.  

nanCy leVeSOn is professor of aeronautics and astro-

nautics and professor of engineering systems at the Massa-

chusetts Institute of Technology, Cambridge, Mass. SIDney 

DeKKeR is professor of social science and director of the 

Safety Science Innovation Lab at Griffith University, Brisbane, 

Australia. E-mail them at leveson@mit.edu and s.dekker@

griffith.edu.au.
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Weigh In Process Safety
A properly designed weigh model can optimize safety and improve efficiency

By Michael Sutton, Mettler Toledo

PROCeSS DeSIGn and process safety are criti-
cal considerations in chemical production and 
processing. With design and safety paramount 
at the outset of any new development or equip-
ment retrofit, firms can minimize risk exposure, 
maximize productivity and position themselves to 
remain compliant and competitive. Advanced auto-
mation technologies continue to drive productivity 
improvements.

In addition, automating certain industrial tasks 
reduces people’s exposure to workplace hazards. 
One area that has experienced technological ad-
vancements in safety is industrial weighing. Today’s 
weigh modules, which can be used to convert most 
tanks, hoppers or other vessels into a scale, have 
been designed to maximize safety without sacrific-
ing accuracy or reliability. 

Regulatory scrutiny and employer liability 
increase the need to evaluate every part of a pro-
duction facility. The current generation of weigh 
modules has been designed to improve perfor-
mance, safety, ease of selection, installation and 
commissioning. To maximize the value of these 
safety features and design enhancements, these 
products were also designed to allow for installation 
by someone without advanced scale knowledge. 

Older or poorly designed weigh modules can 
compromise the manufacturing process in various 

ways. Weight data —used in batching, filling, in-
ventory control or other applications — are entirely 
dependent on the accuracy of the weigh module. 
A poorly designed weigh module can negatively 
impact product quality and production yields and 
diminish organization efficiency. 

In addition, an outdated or poorly designed 
weigh module can cause safety hazards and possible 
compliance violations. Without extensive experience 
and expertise, designing a weighing system that 
takes advantage of today’s advanced features can be 
challenging. Organizations should consider design 
integrity, load-cell quality, safety requirements and 
shipping and installation features to make sure they 
are meeting all requirements.

DeSIGn Safety

Not all weigh modules are created equal. Some weigh 
modules have been carefully designed and tested to 
maximize safety, accuracy and efficiency. Other weigh 
modules only appear to have these features. It is im-
portant to recognize the difference. While the weigh 
module does weigh the scale, it is also an integral 
component of the overall support structure. 

The weigh module obtains weight as a measure-
ment of vertical force applied by the vessel and con-
tents. This means it is often the only connection be-
tween the vessel and the ground. The weigh module 



  10    

and application must be matched so the vertical force 
does not exceed the maximum capacity of the load 
cell.  But as the primary connection to the ground, 
the weigh module must also provide resistance to 
lateral forces to prevent tipping. So, while the design 
is important to accuracy, it is critical to safety as well.

Organizations should seek weigh modules that 
offer anti-lift protection as a standard option. As a 
field-installed option, anti-lift protection is often 
overlooked on site. This can be a critical safety 
feature in windy outdoor conditions or any instal-
lation where vehicle traffic can impact the scale. 
The anti-lift feature protects the scale from tipping. 
For maximum safety, the anti-lift feature should 
function without a load cell installed. Seek weigh 
modules with vertical down-stops to prevent tipping 
in the event of any suspension hardware failure for 
added security.

Organizations also should conduct Finite Ele-
ment Analysis (FEA), a computer-based structural 
analysis method, in the design of any weigh module. 
With satisfactory results from computer modeling, 
the process moves to the production of prototypes.

Prototype testing should first establish that the 
design can meet the desired specification for both 
vertical and lateral forces. If the requirements are 
met, conduct additional testing to identify upper 
limits of the design capabilities and the failure point. 
Pursuing design to this level ensures that safety and 
performance requirements are fully met. The last step 
is to create drawings, load ratings and installation 
documentation so the weigh module can be safely 
and easily integrated into the overall scale design.

In hazardous areas, load cells and weigh modules 
must also achieve correct certifications to satisfy the 
requirements of the appropriate governing bodies 
(FM, ATEX, etc.).

eValUatInG lOaD CellS

There are several “types” of load cells that are 

marketed as appropriate load cells for a weigh-
module system. But load-cell selection must in-
clude a variety of factors. First, make sure the load 
cells have NTEP, OIML, NEMA and IP ratings to 
match the application in which they will be used 
(Figure 2). Beyond basic certifications, there are a 
variety of other factors that impact the system that 
should be considered. 

Thermal expansion/contraction can create a 
push/pull force on the vessel supports. In high-traffic 
production areas, vessels are susceptible to accidental 
side impacts. Wind forces on exterior tanks or even 
vibrations from a mixing agitator can reduce load-cell 
accuracy. Look for a design that takes these and other 
factors into consideration to achieve the best result. 
There are load cells available that contain safety or 
compensation features to deal with those factors. 

An example is a self-aligning rocker-pin suspension. 
This design allows some degree of movement to occur 
without causing damage to the load cell or changes to 
its accuracy. In addition, this feature and similar options 
always return the scale to the ideal weighing position, 
ensuring repeatability and the highest level of accuracy.

This rocker-pin type suspension in its simplest 
form allows only limited movement — generally 

Figure 1. A self-aligning rocker-pin suspension design allows some degree of 
movement to occur without causing damage to the load cell or changes to its 
accuracy.

lOaD Cell WItH ROCKeR-PIn SUSPenSIOn
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bidirectional only. A more robust design would 
typically provide a 360° range of motion to allow 
expansion/contraction in all directions. This type of 
design needs to include 360° checking with sufficient 
strength to stop the scales’ movement in all direc-
tions to prevent load-cell damage or even tipping.

SHIPPInG anD InStallatIOn

In addition to advancements in performance and 
safety, the modern weigh module design may im-
prove the installation process, resulting in a more 
robust installation that may be easier to achieve 
than previous generations. Engineers and product 
designers have considered every element of the 
weigh module, including the logistics between 
production and installation. Look for a weigh 
module that can be delivered to a site in a ship-
ping/installation “mode.” In this mode, the vari-
ous components are locked in the manufacturer’s 
ideal initial positions in a way that isolates the 
load cell until installation is complete. In addition 
to preventing accidental damage to the load cell, 
this feature also helps to ensure load introduction 
and equal top-plate travel in all directions upon 
commissioning (transfer of weight to the cell).

Some products offer alignment and rigid-
ity that is independent of the load cell. In this 
scenario, the load cell can be installed after rest of 
the process is complete. This feature has also been 
designed to allow for quick and easy replacement 
of a load cell in the event of a failure.

Weigh modules that offer a “shipping/instal-
lation” mode also have been designed to provide 
greater flexibility in the overall design and construc-
tion process. With the safeguards that prevent forces 
to be transferred to the load cell in place, they can 
fixed to the foundation before the tank is lowered 
into place or they can be installed to the tank legs at 
any time before it is lowered to the foundation, even  

 
before the tank is shipped to the site.

Following installation, it should be easy to convert 
the weigh modules from shipping/installation mode 
to weighing mode in preparation for calibration.

SUMMaRy 

Weigh modules are an important component of a 
weighing system. When selecting one, opt for the 
modern features discussed here to ensure long equip-
ment life and the best performance. Versatile and 
feature-rich weigh modules can simplify installation 
and ensure safety throughout their lifetime.  

MICHael SUttOn is segment market manager for 

Mettler-Toledo, Columbus, Ohio. He can be reached at 

michael.sutton@mt.com.

Figure 2. When selecting load cells, make sure they have NTEP, 
OIML, NEMA and IP ratings to match the application in which 
they will be used. 

faCtORS tO COnSIDeR
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IND560x
Intrinsically Safe Terminal
Safe Process Control in Explosive Atmospheres

Designed for both process control and manual weighing operations, the IND560x sets the new benchmark for 
weighing in Division 1 or Zone 1/21 areas.  Whether you are fi lling, blending, check-weighing, or need a custom 
application, the IND560x is the solution for your hazardous area.   

The IND560x supports either standard analog load cells or electro-magnetic force restoration (EMFR) precision 
weighing technology. The IND560x also features active discrete inputs and outputs for high speed control of valves, 
indicator lights, operator input buttons, and more. The IND560x may also be directly integrated into your PLC control 
system or PC network. All of this in an intrinsically safe design.

Improve productivity and control, safely, in hazardous area operations.

Visit www.mt.com/IND560x to fi nd out more.  www.mt.com/IND560x

IND560x

http://www.us.mt.com
http://www.mt.com/IND560x
http://www.mt.com/IND560x
http://www.us.mt.com
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Design Blast-Resistant Petrochemical facilities
Building a blast-resistant structure goes beyond just keeping personnel safe 

By Ali Sari, Ph.D., PE, Structural Analysis Manager, Genesis Oil and Gas Consultants

BlaSt-ReSIStant BUIlDInG design is a 
relatively unexplored frontier. For one thing, very 
little research has been done on the actual effects 
of blasts on various types of structures. Then there 
are aesthetic and psychological considerations; in 
addition to making a building safe, it’s important 
to create interior spaces that are functional and 
provide appropriate levels of comfort for personnel.

RedGuard of Wichita, Kan., hired my team to 
help design blast-resistant buildings because we’re 
one of the few engineering teams in the world 
with actual blast experience. We were called in to 
investigate the Texas City, Texas, refinery disaster 
in 2005, which provided us with data that’s 
ordinarily very difficult to come by, and which 
informed our efforts to design new and safer struc-
tures for personnel in blast zones.

StRUCtURal COnSIDeRatIOnS

When we design a blast-resistant building, we 
start with a framework similar to that of the hu-
man rib cage. You can appreciate the strength of 
this natural construct if you have ever seen slow-
motion video of a boxer taking a punch to the side 
of the body. His ribs compress in a way that dis-
sipates the energy of the punch over a large surface 
area, protecting the vital organs inside. The same 
is true of the steel stiffeners we place at 11- to 

12-inch intervals in the frame of a blast-resistant 
building. When we weld steel walls around these 
“ribs,” we have a structure more redundant and 
reliable than a traditional building.

The interior walls are often made from oriented 
strand board, which minimizes the likelihood of 
wall shrapnel breaking free and injuring personnel.

PRaCtICal COnSIDeRatIOnS

We equip every blast-resistant building with bat-
tery powered emergency lights, smoke detectors 
and a fire extinguisher.

Broken glass is a huge danger in a blast, so we 
use tamper-proof fluorescent light fixtures, which 
are designed for correctional facilities. They have 
hard plastic diffuser housings with shielded fluo-
rescent tubes inside. If a tube breaks, the glass is 
safely contained inside these two protective layers.

Electrical and communication wiring conduits 
are deliberately left exposed so any damage in-
curred in a blast will be visible, and personnel will 
know not to turn power on until it’s repaired.

MaKInG It COMfORtaBle

Many of the blast-resistant buildings we’ve helped 
design are placed in the field with very few frills, 
and they work well in a variety of applications, 
from guard shacks to tool cribs. They can be 
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transported like shipping containers (see figure 
above), and this portability allows petrochemical 
facilities to move them quickly and easily as needs 
and work flows change.

But some applications call for foundation-
mounted facilities with office-like interiors and 
amenities. These feel less like a warehouse and 
more like an executive office on the inside.

In addition to being more elegant and some-
what more permanent (usually foundation-mount-
ed), such facilities offer a psychological advantage: 
many people are accustomed to seeing finished 
interior walls in permanent structures, so they feel 
safer in this type of environment.

MaKInG SURe It WORKS

Various engineers performed analysis on our 
design, trying to predict how it would behave in a 
blast, and some said it would slide significantly or 
roll across the ground. My analysis indicated that 
it would not do so, but with all our analysis and 
real-world observation, we were not really sure 

what would happen until we tested it.
We detonated 1,250 pounds of high explosive 

ANFO charge at a standoff distance of 110 feet 
from the building, which created a blast load far 
in excess of the ratings required to meet ASCE 
medium response standards. The building suffered 
no structural damage, it did not roll and slid less 
than an inch. The furnishings, equipment and test 
dummy inside also sustained no damage.

Although blast-resistant building design is 
still a comparatively new discipline with very 
little information available to the safety engineers 
who are tasked with protecting employees, we are 
making progress at last. 

alI SaRI, PH.D., Pe, is a structural analysis manager for 

Genesis Oil and Gas Consultants .

RedGuard, formerly A Box 4 U, designs and creates 
blast-resistant buildings and uses third-party blast tests 
to ensure reliability. Learn more at redguard.com or 
call 855.REDGUARD.

Figure 1. Blast-resistant buildings can be transported like shipping containers, and this portability allows petrochemical facilities to 
move them quickly and easily as needs and work flows change.

PORtaBle COntaIneR
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find new Solutions to Old Challenges
Modern barrier safety systems can protect both plant personnel and equipment

By Andy Olson, Rite-Hite

tRanSPORtInG GOODS fROM one place 
to another is nothing new. As long as there have 
been products to move, there have been people who 
have made their living doing it. Today, as people 
and businesses worldwide are more connected than 
ever before, the quick, safe movement of goods and 
materials is critical. Facilities managers need to be 
ready to meet modern demand without putting 
their employees, equipment or products at risk. 

Workplace accidents are costly for your op-
eration and more importantly, your employees. 
According to the Occupational Safety and Health 
Administration (OSHA), forklift accidents account 
for nearly 100 fatalities in the United States an-
nually.[1] In 2006, the cost of workplace injuries 
was $164.7 billion, which exceeded the combined 
profits reported by the 11 largest Fortune 500 
companies that year.[2] Unfortunately, some of the 
dangers in the workplace go unnoticed until after 
an accident occurs.

Reducing the risk of accidents is important for the 
health of your employees and your company. Start by 
evaluating your current barrier systems and procedures 
at the loading dock as well as inside your facility. 

CHallenGeS at tHe lOaDInG DOCK

The loading dock provides the connection between 
the materials entering and leaving your facility. It’s 

a busy hub of activity — and it’s where 20% of all 
industrial accidents take place. [3] 

Vacant loading docks present one potential 
hazard in the facility. At sites that lack proper barriers 
or gates, materials handlers and forklift operators are 
at risk of falling off the dock. And in many facilities, 
loading dock doors are left open to allow fresh air 
into the building, making the situation even more 
dangerous. The four-foot drop is enough to cause 
serious injury to workers and damage to equipment. 

CHallenGeS In tHe faCIlIty

Inside the facility there are additional challenges. 
People and vehicles are moving around the floor, and 
it’s up to facilities managers to ensure they are doing 
so safely. Creating spaces and managing the flow of 
movement is one solution, but separating and defin-
ing work areas within a large space such as a plant or 
warehouse can be a complex undertaking. 

Yellow painted lines on the floor are a cost-
effective and movable solution. However, they may 
not always be visible and, what’s more, provide no 
protection to people, materials or equipment.

Fixed steel guard barriers do provide some protec-
tion. But, they don’t allow for easy access to areas and 
reconfiguring them can be costly. For facilities that 
need to be more flexible with space and how it is used, 
steel barriers are not always an adequate solution.
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KeyS tO Safety

There are three key factors to creating full-time 
safety at a loading dock opening. First, you need 
a highly visible barrier to alert material handlers. 
Second, the barrier needs to be impact resistant. 
And finally, the barrier needs to be removable so 
it doesn’t impede the loading and unloading of 
materials. 

To meet all these requirements, consider a 
4-ft-high safety barrier (Figure 1) that stretches 
across the door opening and is easy visible to 
plant personnel. It can stop up to 10,000 lb 
traveling at 4 mph and can be interlocked with a 
vehicle restraint to create a sequence of operation, 
which prohibits the barrier from being removed 
until a vehicle restraint is fully engaged. This 
high-impact, easy-to-remove barrier is well-suited 
for loading dock environments.

In addition to dock safety, other application-
specific barrier solutions exist for inside a facility. 
These include barriers that offer protection and 
f lexibility for organizations that need to recon-
figure work areas, workspaces or walkways quick-
ly and efficiently. When used with corner posts, 
these barriers are easy to reconfigure to suit the 
needs of the facility as it changes. They provide 
unobstructed access to work areas and the f lex-
ibility to relocate barriers at minimal cost.

Other barriers exist for larger work areas and 
spaces that require protection against potential 
impacts from forklifts (Figure 2). Visible and 
strong, these barriers offer serious impact protec-
tion, which keeps both employees and equipment 
safe.

Straps that span up to 60 ft between perma-
nently mounted steel posts and can be removed 
easily for unobstructed access to a work area 
provide an effective visual and physical barrier to 
help keep people and material handling equip-

ment out of harm’s way. Straps are available that 
can withstand 10,000 lb traveling at up to 4 mph. 

Other barriers are designed to stop a fork 
truck with little or no def lection. Such systems 
can be used as a stand-alone barrier or it can be 
incorporated into custom installation with other 
barrier systems in your facility.

Figure 1. This 4-ft-high safety barrier stretches across the door opening and is 
easy visible to plant personnel.

HIGH VISIBIlIty

Figure 2. Flexible barriers, designed for larger work areas and spaces, protect 
against potential impacts from forklifts.

flexIBle SySteM
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For elevated applications, a mezzanine safety gate 
offers protection to personnel working on elevated 
work platforms and mezzanines. A dual reciprocating 
barrier (Figure 3) can make elevated platform load-
ing and unloading safer. It creates a controlled access 
area in which the inner gate and outer gate cannot 
be opened at the same time. The exclusive link bar 
design ensures that both gates always work in unison. 

When the outer gate opens to allow pallets 
to enter the mezzanine, the inner gate automati-
cally closes to keep workers out. After the pallet is 
received, mezzanine-level workers open the inner 
gate to remove material from the work zone while 
the outer gate closes to secure the leading edge of the 
platform. To prevent the outer gate from being raised 
by a worker inside the work zone, a special latch is 
integrated that can only be accessed when standing 
outside the work zone. 

Look for a safety gate constructed from heavy-
duty steel and aluminum, and features a raised toe 
board to help prevent materials from accidently being 
pushed off the elevated edge. Another useful feature 
is having the link bars, which control the gate open-
ing and closing, run along protected, 3-in. tracks 
with nylon rollers, making gate operation smooth 
and easy for workers. 

In environments where workspaces are elevated, 
or use multi-level pick modules, you can install 
safety gates that provide fall protection within a 
racking system.

WORKInG tOGetHeR In tHe WORKPlaCe

A system of barriers, working together, help to 
create a safer, more productive work environment. 
Working with a trained loading dock equipment 
representative can help facilities managers understand 

the challenges specific to their operations and imple-
ment the system that best meets their needs. If your 
company is ready for a systematic approach to work-
place protection, and needs the flexibility modern 
barrier systems can provide, consider components 
engineered for safety and efficiency. 

Safety equipment specialists should conduct 
an on-site visit to analyze all aspects of your 
operation, including: 

• Drive approach
• Loading dock dimensions
• Loading dock door configuration
• Workspace configuration
• Current barrier system
• Mezzanine safety system
• Security and safety risks.  

anDy OlSOn is marketing manager for Milwaukee-

based Rite-Hite. He can be reached at aolson@ritehite.com.

Figure 3. This dual reciprocating barrier makes elevated platform loading and 
unloading safer.

PeRSOnnel PROteCtIOn

SOURCeS
1. OSHA
2. National Safety Council, “Injury Facts,” 2008
3. OSHA

mailto:aolson@ritehite.com
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BLASTS HAPPEN
GET PROVEN PROTECTION.

LEARN MORE ABOUT WHAT MAKES REDGUARD 
THE SAFE CHOICE IN BLAST RESISTANCE.

AS THE INDUSTRY’S LEADING MANUFACTURER OF SUCCESSFULLY TESTED 
BLAST-RESISTANT BUILDINGS, RedGuard is the name you can count on when lives 
are on the line. Whether you’re looking for a little extra space for your next turnaround 
or a permanent addition to your existing site, we provide proven protection for your 
peace of mind.

The industry’s largest fleet of successfully 
tested blast-resistant buildings.

Fully customizable, successfully tested 
blast-resistant buildings.

http://www.redguard.com
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