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Feature Article - Improvement projects recommended for ISO accreditation of the Corrugated Materials
Testing Lab

Image 1. The Corrugated Materials Testing Lab of CPULD

Jorge Masís came to Virginia Tech as an undergraduate student intern while completing his bachelor’s

degree at the Industrial Production Engineering School in Costa Rica’s Institute of Technology. His graduation
project was developed to help the CPULD’s Corrugated Materials Testing Lab (Image 1). The purpose of the
project was to develop a series of improvements involving the lab’s resources, structure, personnel, and
management systems that would eventually allow the lab to be accredited under the International Standards
Organization’s standard 17025:2017 (referred to hereafter as ISO 17025) guidelines.
Compliance with industry standards and norms is important for CPULD, as it proves that its operations are
confidential and impartial while guaranteeing that the lab has the technical capabilities to produce consistently
high-quality results. CPULD is committed to assisting its collaborators, customers, and suppliers in creating
better pallets and packaging and helping to improve efficiency in material handling. It also values its
contribution to the student community, aiming to provide experience in the real-life development of systemsbased packaging designs.
The first step in Masís’ project was to describe the general corrugated materials testing process and identify the
role of each individual in the lab. The scope of compliance was then determined based on the lab’s most
important tests, customer demands, or economic benefits. As every laboratory is different, it was important to
determine which ISO clauses would be followed for the Corrugated Materials Testing Lab. Looking for needed
improvements without first understanding the laboratory would have delayed the project. Once the scope and
applicable clauses were determined, the assessment could start. The goal of the assessment was measuring the
degree of compliance of the lab’s current processes, which, in turn, would help identify the gaps where the lab
didn’t meet the requirements of ISO 17025.

The compliance assessment began with an initial diagnosis, done through a series of checklists, as well as a
time-and-motion study. The checklists included all applicable clauses of ISO 17025 and a box to check if the
laboratory complied with the requirements. The checklists involved looking into the laboratory’s management
systems, processes, resources, and general ways of managing impartiality and confidentiality, and comparing
them all against the demands of ISO 17025. Through analysis of the checklists, it was found that the lab’s
average level of compliance already stood at 62%.
Masís then conducted a time-and-motion study, beginning with a brief description of the lab’s current
operations and highlighting areas needing improvement, which were found through interviews with the
laboratory management and researcher involvement in daily activities. The time-and-motion study estimated the
average time dedicated to each step in the testing process. Masís looked at the physical arrangement of
equipment and stations in the workplace and how intuitive and smoothly they allowed work to flow (Image 2).
He also conducted studies on the physical motions needed to conduct each test in order to determine if any time
or motion could be saved by conducting the tests differently (Image 3).

Image 2. The arrangement of the Corrugated Materials Testing Lab.

Image 3. An example of the bimanual diagrams that were created for the tests.

The main solution that Masís proposed for the Corrugated Materials Testing Lab was to create an overall
laboratory manual that would spell out all lab procedures and testing processes. This manual would solve most
of the compliance issues found; the main solutions proposed involved changes to the management systems
already in place and documentation of the processes and resources in the lab. Other main focuses of the
recommendations related to the labeling process and personnel competency tracking methods. All
improvements were aimed at saving time and money and increasing efficiency in the lab (Image 4).

Image 4. The process used to increase documentation and process establishment through the new manual.
The laboratory manual that Masís wrote is currently under revision by management, as is a new storage folder
arrangement that he proposed. The expected benefit for the lab is presented as better documentation of tasks
through the use of datasheets for equipment, personnel competence, and resources in the laboratory. After the
various sections in the manual have been accepted, their use will be tracked with a compliance indicator. The
62% level of compliance found in the laboratory in the early stages of the study is expected to rise to at least
80% within the first year.
Solutions proposed for the labeling issue include using an ink stamp instead of hand-labeling each corrugated
sample. The ink stamp proposal represents an important new tool that could benefit the laboratory in terms of
saving time during testing activities. The different methods tested during the solution proposal stage constituted
a base in which management was able to determine the best option for the lab; factors such as stamp price,
manufacturing capabilities, and ease of use came into play.
The improvements made to personnel tracking in the lab aimed to improve the process in two main ways:
competency tracking and producing efficient results. The new scheduled testing schemes and using less material
(i.e., sharing samples for each test) will save time for the technicians without compromising the results. This
will help address the main problem with the current system, which is the ability to obtain results in a timely
manner. As part of these round-robin improvements, management expressed interest in using a whiteboard to
keep track of personnel and test completion. This presents a good approach in improving the methodologies
used in the lab while also benefiting communication regarding testing activities, duties, and goals.
Masís’ project report (Image 5), taking into consideration the economic weight of the accreditation process,
recommended that the Corrugated Materials Testing Laboratory opt for a trial period in which the demands in
the new manual are fulfilled, monitored, and documented prior to further investment in the ISO 17025

accreditation. As the gathered information is recorded, it will serve as evidence of whether or not the
accreditation would be economically beneficial, which will facilitate the decision of which path is best for the
laboratory.

Image 5. Opening screen of Masís’ final presentation about his research project.

Alumni Spotlight — Chandler Quesenberry

Chandler Quesenberry is a local Southwest Virginian who attended Virginia Tech for both his

undergraduate and graduate degrees. He grew up on a farm with his brother and many farm animals.
Quesenberry took part in many different sports depending on the season, but his favorite was basketball. His
hobbies include hiking, fishing, woodworking, and rooting for the Hokies basketball team.

Quesenberry credits a presentation in his freshman seminar class with sparking his interest in the field of
packaging. After hearing the lecture, he started doing research into the world of packaging and ended up
choosing the field because of the job prospects. He pointed out that “as long as people are on earth, products
have to get to them somehow… and safely! It interests me because designing decisions are very impactful up
and down the supply chain.”
Quesenberry said his favorite classes included Packaging Design for Global Distribution because, “ It is the
most comprehensive guide a student can take for protective packaging. It teaches the ability to identify hazards,
design, and test or understand testing for proof of concepts of packaging designs and… many
ways/materials/processes to protect products.” He also enjoyed Wood Mechanics, as “wood is a complex
material to understand” and he learned how wood behaves in different scenarios. Statistics was another of
Quesenberry’s favorite classes because he “enjoys having data and being able to make educated data-driven
decisions.” These classes all taught him skills he will be able to take with him throughout the rest of his life.
Quesenberry completed his master’s degree in December of 2019 after researching “The Effect of Pallet Top
Deck Stiffness on Box Compression Strength.” He feels that the two most important things he learned
throughout his education at Virginia Tech are, first, the fact that “everybody can uniquely bring something to
the table, no matter their background.” Secondly, he learned to make sure to “double and triple check
everything (during work, calculations, emails, projects, tests, test setups, etc.),” as following this rule “will
easily limit your mistakes.” And, as Quesenberry pointed out, “This can apply everywhere in life — be
organized and prepared… measure once cut twice… Just kidding! Measure twice cut once!”
Since graduating, Quesenberry has started his career as a pallet program and design specialist at The Pallet
Alliance, Inc. in Chapel Hill, North Carolina. He spends his days designing pallets and unit loads, doing process
audits, supporting IoT (the internet of things) initiatives, and helping with material sourcing. He credits his time
at CPULD with preparing him for the job: “CPULD provides students with many projects that expose them to
different materials, ideas, designs, and processes that are currently being used in industry. CPULD directly

bridges the gap between classroom and industry. Also, it was valuable to be exposed to project deadlines,
customer interactions, schedules... all things you will have to face in the future.”
Quesenberry says he wants to continue learning, staying active and up on current research, as CPULD sparked
research interest and testing interest in him. He also found himself looking up to many mentors during his
education. “I would say the best part of working in the lab was learning from Dr. Bouldin and Dr. Horvath.
They are a wonderful resource. I appreciate that they taught me the importance of precision and repeatability
needed for scientific testing, wood/packaging science, continuous improvement, standard testing, and much
more, all the way down to the details of woodworking,” he said.
Quesenberry was an excellent student and received the following awards during his education:
•
•
•
•
•
•
•
•
•

2020 Outstanding Graduate Teaching Assistant of the department
2020 Outstanding Graduate Teaching Assistant of the college
2019 ISTA Transpak Forum Speaker
CPLP Lab Technologist
CPLP Lab Technician
2017 E.G. Stern and Marianne Stern and J. Stern Fromberg Memorial Scholarship
2017 Grupo Phoenix Scholars Scholarship
2016 Paperboard Packaging Alliance Scholarship
2015 G. Scott Francis Scholarship

According to Quesenberry, his imaginative future involves being a dog, living at the beach, and eating seafood
for the rest of his life, but he would probably get tired of the beach pretty quickly and move back to the
mountains. He added that “a better dish would probably be yogurt with granola, berries, chocolate chips, honey,
and seeds… It is a well-balanced food for my overall health. Plus, really tasty.”

Quesenberry’s intern picture from his time with CPULD

Quesenberry with other 2016 interns (back
row, second from right)

Quesenberry and others with their prizes after
completing the Puzzlr Escape Room challenge as a teambuilding exercise.

Research Highlight — Looking at the correlation of pallet stiffness to box compression strength

Image 1. Experimental design to measure the compression strength of boxes using asymmetric support.

Packaged products are primarily shipped as unit loads that consist of products packaged in corrugated

boxes restrained to a platform, commonly a pallet. Paying particular attention to the design of the unit load
components is necessary to safely ship products while still maintaining low packaging costs and sustainability
initiatives. Stacking unit loads is a common practice to effectively use warehouse space, but the packaging must
support large amounts of weight when pallets are stacked. Pallets are not completely rigid and will deform
because of this weight, which creates an uneven top deck surface resulting in asymmetrical support of the
corrugated boxes. The level of this unevenness can significantly affect the strength of the corrugated boxes.
The amount of bending experienced by the pallet can be controlled during the design of the pallet. For example,
using thicker top deckboards will result in a stiffer pallet deck. Further, altering the species of lumber used or
the number of stringers in the design of the pallet can have a similar effect. To further investigate how pallet top
deck stiffness affects the strength of corrugated boxes, the Industrial Membership of the Center sponsored a
research project from May 2018 through December 2019. Chandler Quesenberry worked on this research
project as part of his M.S. thesis.
The purpose of the research project was to investigate the effect that pallet stiffness has on the compression
strength of corrugated boxes. Specifically, this research looked at how different variations of pallet top deck
stiffnesses, and the resulting asymmetric support, affects corrugated box compression strength (Image 1).
The results indicated that pallet top deck stiffness has a significant effect on box compression strength.
Compression tests were completed on boxes supported by pallet designs having different top deckboard
stiffnesses. Pressure data recorded between the bottom layer of boxes and the top of the pallet showed that a
larger percentage of the pressure was located towards the outside edges of a unit load of boxes that were carried
by a flexible pallet. A thicker deckboard, acting as a simply supported beam, deflects less than a thinner
deckboard under the same unit load. And when the pallet top deck stiffness increased, the compression strength

of corrugated boxes increased as well. There was actually a 29% to 35% increase in box compression strength
found for the boxes supported by high stiffness pallets compared with boxes on low stiffness pallets (Image 2).

Image 2. Effect of pallet top deck stiffness on corrugated box compression strength by box size and
pallet stiffness level.
The fact that boxes were weaker on low stiffness pallets is explained by the uneven pressure distribution
between the top deckboard of the pallet and the bottom layer of boxes. Pressure mat data showed that a higher
percentage of total pressure was located under box sidewalls that were supported on the stringers of low
stiffness pallets compared with high stiffness pallets. This was disproportionately loading one side of the box,
causing premature package failure.
A certain compression strength of a palletized box can be attained by redesigning the unit load in multiple ways.
Conventionally, the means of changing the compression strength of boxes is by adjusting the corrugated board
grade and flute type. But, using systems-based design methodology by utilizing the pallet top deck stiffness
effect on box compression performance, it is possible to deliver similar changes to compression strength of
boxes without changing the boxes themselves. When boxes are supported by a stiffer pallet, the boxes have
increased compression strength/performance similar to, or even greater than, when the boxes’ board grades are
changed. Both approaches result in compression strength gains, but one design changes the box cost and the
other design changes the pallet cost.
The project also included a financial analysis that revealed that when higher stiffness pallets are used, the cost
of the corrugated boxes could actually be reduced, resulting in a reduction of the overall cost of the unit load by
as much as $1.84 (Image 3). Therefore, pallet and packaging designers can use pallet top deck stiffness levels to
their advantage as an option for cost cutting when redesigning corrugated boxes.

Image 3. Average unit load cost of multiple unit load designs.
This study revealed that the level of pallet top deck stiffness should be addressed during the box design process.
Designers can use pallet top deck stiffness to their advantage as an option for cost cutting or redesigning
corrugated boxes if they can control what stiffness level of pallet is being used for their unit load shipments.
The pallet top deck stiffness should be included as an adjustment factor for current design methodologies
similar to other box-pallet factors such as pallet gaps, overhang, pallet pattern, and stacking alignment.
Chandler Quesennberry successfully defended his M.S. thesis in December 2019 and is now working for The
Pallet Alliance as a pallet program and design specialist using the knowledge that he obtained during his studies
to help his company save money on unit loads through their pallet designs.

Research Highlight - Investigation into the plastic pallet market in the United States in 2018

Image 1. Plastic pallets.

Pallets are abundant throughout the supply chain, with 2.6 billion pallets in circulation in the United States.

More than 93% of goods worldwide are transported in the form of a palletized unit load. Plastics are the second
most commonly used material to manufacture these shipping platforms. More than 33% of the companies
surveyed by Modern Materials Handling Magazine reported using plastic pallets (Image 1). Plastic pallets have
many advantages, including greater durability compared with wood pallets; however, they are more expensive.
Therefore, plastic pallets are commonly used in closed-loop systems where reusability of the pallet is required.
As with wood pallets, plastic pallets are also recyclable, which creates a favorable end-of-life scenario.
Although plastic pallets have an important role in the supply chain, there is a lack of information to be found
about the plastic pallet industry’s characteristics. Therefore, the Industrial Membership of the Center sponsored
a research project to investigate the status of the plastic pallet industry in the United States in 2018. Dorina
Bugledits, who received her undergraduate degree from the Business School of the University of West
Hungary, worked on this research project as part of her M.S. thesis.
This research investigated the design characteristics of plastic pallets and material usage by the industry. The
study collected facts about aspects of the industry such as the percentage of recycled plastic used in
manufacturing plastic pallets, the percentage of plastic pallets that contain fire-retardant additives, and the types
of strengthening reinforcements that are used in plastic pallets. An online survey was conducted to gather
information. It was sent electronically to plastic pallet manufacturers and resulted in a response rate of 54%.
The results have shown that almost 16 million plastic pallets were manufactured by just the survey respondents
in 2018.
Of the plastic pallets manufactured by survey respondents, over 80% were multiple use pallets. Due to the high
durability of plastic pallets, using them in closed-loop applications results in lower per-use cost and has
significant environmental advantages. Most of the pallets produced by the respondents were of a standard size
for the grocery industry (48”x 40”) and the automotive industry (48”x 45”). In fact, 84% of the respondents’
plastic pallets were standardized to one of these two sizes; only 7% of plastic pallets were custom sizes. This
outlines one of the significant differences between plastic pallets and the wood pallet market, where only 35%
of the pallets are a standard size (48”x40”) and 39% are custom sizes (Image 1). This difference could be

explained by the high development, setup, and molding costs for plastic pallets, which does not allow for low
volume manufacturing of custom sizes.

Image 2. Comparison of pallet size distribution between wood and plastic pallets.
The respondents indicated that close to 50% of the pallets had reinforcement beams and 12% had fiberglass
reinforcement. Most plastic pallets that were manufactured by the respondents were made with high pressure
injection molding (63%) using high density polyethylene (HDPE) resin (68%) (Image 2). The advantages of the
high-pressure injection process are faster cycle times and lower pallet weights. Even though plastic resins can
be easily recycled, the survey found that most plastic pallets were manufactured using virgin resin. Only 34% of
the respondents’ plastic pallets were manufactured from recycled resin, which could reduce production costs
and increase the sustainability of plastic pallets.

Image 3. (left) Plastic pallet manufacturing methods, (right) plastic pallet material composition.
In addition, this study revealed that most of the plastic pallets manufactured in the United States in 2018 had no
flame-retardant additives; only 20% of the respondents indicated that their pallets were Underwriter
Laboratories (UL) or Factory Mutual (FM) certified. One reason for the low percentage of certified plastic
pallets could be the high cost of certification, as well as the fact that most modern warehouses are already
equipped with advanced Early Suppression Fast Response (EFSR) sprinkler systems, which can effectively

mitigate fires. Since including flame-retardant additives weakens plastic pallet performance and increases cost,
manufacturers only add flame-retardant additives when it is required by the National Fire Protection
Association or the customer.
Although this survey revealed important industry characteristics, observing the change in these investigated
factors over time would help our understanding of the ongoing trends in the plastic pallet sector of the industry.
Based on the results collected, a new survey format and framework was designed that would allow researchers
to investigate the long-term trends that could be found in the plastic pallet industry. It was proposed that the
updated survey be conducted every five years, in collaboration with relevant associations and government
agencies, in order to further explore the state of any potential market trends in the plastic pallet industry.
Dorina Bugledits successfully defended her M.S. thesis in December 2019 and is now looking to use the
knowledge that she obtained to help companies become more competitive.

Research Highlight – Undergrad - The Effect of Measurement Methods on Pallet Load Capacity While
on Fork Tine Support

Image 1. Owen Wright and Luke Guyre setting up a pallet deflection on fork tines test in the Tinius Olsen fixed
platen compression tester.

Fork tine tests are meant to measure a pallet’s strength and deflection while it is being supported on fork

tines. Testing standards require that, when determining strength, load is applied until the pallet has breakage or
has excessive deformation. For this test, pallet deflection is commonly measured using string potentiometers or
Linear Variable Differential Transducers (LVDT), which are connected to the pallets at various locations.
According to the ISO 8611 testing standard, the locations for these deflection measurements should be taken
from the middle of the blocks or stringers, while the ASTM D1185 testing standard outlines that the location
needs to be at the edge of the pallet. The difference in requirements could create up to a 0.75” difference in
deflection measurement location in the case of stringer pallets and a 2.75” difference in the case of block
pallets. In addition, during testing, the measurement devices are stationary while the pallet sides are bending,
acting as cantilever beams, which means that the measurement location moves horizontally and vertically
during testing. This results in the measurement devices deviating from vertical and creating a bias in the
recorded deflection (horizontal bias).
To investigate how the measurement location affects deflection measurements, the Industrial Membership of
CPULD sponsored an undergraduate research project for the fall 2019 semester. Owen Wright, a senior, and
Luke Guyre, a junior, who are both pursuing degrees in packaging systems and design, were selected for this
project (Image 2 and 3).

Image 2. Owen Wright

Image 3. Luke Guyre

The purpose of this study was to understand the potential differences in deflection measurement locations and
techniques during pallet bending tests using a fork tine setup. The specific objectives are the following:



Investigate the effect of deflection measurement locations.
Investigate the effect of the horizontal bias during deflection measurements.

In order to analyze these deflection measurement locations, the students completed fork tine bending tests using
a wooden jig meant to simulate a pallet. The blocks for the jig were made of Douglas fir while the rest of the
assemblies were built with southern yellow pine. String potentiometers were used for the deflection
measurement. To evaluate the effect of the horizontal bias, a custom track was built to fit one string
potentiometer and to mark the locations where the measurements were to be taken. The tests were completed on
a Tinius Olsen fixed platen compression tester (Image 4).

Image 4. Test setup for investigating different deflection measurement locations.

After the string potentiometers were connected to their specific locations on the jig, the platen was lowered to
simulate a load being applied to a pallet. Deflection measurements were taken at the various hook-up locations,
including at the edge of the pallet, 0.25” from the edge, 0.75” from the edge (simulating a stringer pallet), and
2.75” from the edge (simulating a block pallet). Initial measurements from the string potentiometers were taken
at each of the locations while the pallet was under zero load. Then, when the platen was lowered 0.5”, the
deflection amounts were measured. The string potentiometer was then moved along the custom track in order to
make the string fully vertical and another measurement was taken. This was then done for all measurement
locations. After this was completed, the platen was lowered another 0.5”, and the process was repeated.
Data analysis was then conducted in order to identify whether there were any significant differences between
the deflection measurement locations and whether having the string hooked vertically to the measurement
location was different then having the string angled to the measurement location (called the horizontal bias).
The results of the research revealed that the horizontal bias is not due to the stationary nature of the stringer
potentiometer.
When the deflection results were analyzed, it was found that the measured deflection of the pallet decreased as
the measurement location got closer to the center of the pallet’s stringer/block, both with and without horizontal
bias. The data also showed that the horizontal bias is not significant due to the stationary nature of the stringer
potentiometer. This study also found that certain measurement locations were consistently significantly
different from each other.
The students found that there was no significant difference between taking deflection measurements at the edge
of the pallet and taking them 0.25” away from the edge. Therefore, connecting deflection measurement devices
a slight distance away from the edge is still an accurate measuring method. In addition, it was found that
measuring the deflection in the middle of a 1.5” wide stringer (ISO) versus the edge of a pallet (ASTM) does
not result in any significantly different deflection measurements. However, measuring the deflection in the
middle of a 5.5” wide block (ISO) versus the edge of a pallet (ASTM) does yield significantly different
deflection results (Table 1).

Location from the edge

Pallet deflection (in.)
0.5 in. Platen movement
1 in. Platen movement

0 in. (flush)

0.83 A

1.66 AB

0.25 in.

0.77 AB

1.58 AB

0.75 in. (1.5” stringer)

0.73 BC

1.34 BC

2.75 in. (5.5” block)

0.59 D

1.18 D

Table 1. Results of the pallet simulator bending test with horizontal bias.

LoadResearch Highlight – Undergrad - Studying the effect of load bridging between pallets and pails.

Image 1. Metal pails being tested for load bridging

Pallets are an integral part of the supply chain for all types of products all over the world, as they allow
products to be shipped in bulk and transported in standardized containers. Many different shapes of products are
placed onto pallets, including corrugated boxes, bags, barrels, and pails. These products each distribute their
load onto the pallet slightly differently, which affects the bending of the pallet and potentially its strength as
well. Building cost-efficient pallets means building those that are designed to deal specifically with these
differently shaped loads.
In order to learn more about how pails affect the deflection of pallets, the National Wooden Pallet and
Container Association (NWPCA) sponsored an undergraduate research project. Meredith Brooks, a junior
pursuing a degree in packaging systems and design (Image 2), and Michael Phelps, a senior pursuing a degree
in sustainable biomaterials (Image 3), were selected for this project. Both of these students were taking part in
the Distribution Packaging Internship Program through CPULD and had been working as laboratory technicians
in the pallet testing lab prior to being selected.

Image 2. Meredith Brooks

Image 3. Michael Phelps

This research project focused on investigating the load bridging effect of unit loads of pails on the deflection of
a wooden pallet. Seven pail designs varying in volume, material, and closure mechanisms were investigated.
The study simulated the behavior of a 40” x 48” stringer class, two-way, reversible, flush pallet supported
across its 48” width on a warehouse rack system. The experiment utilized a scaled down pallet section with 20”
x 48” dimensions. A pressure sensor mat was placed between the pails and the pallet’s top deck to measure the
distribution of pressure on the top of the pallet. Two different deckboard gap scenarios were investigated during
this study: a 2” gap and a 3.5” gap. In addition, the deflection of the pallet was also measured during the
experiment.
The results revealed that the pails only interact with the pallet along their bottom rim, which causes the pressure
to be distributed in a circular pattern (Image 4). It was also found that the pressure distribution from the pails on
the pallets was not continuous for two reasons. First, pallets have gaps between their deckboards, so there is no
pressure distribution in those areas. Second, the pails are too rigid to follow the deformation of the pallet and,
therefore, do not tilt during pallet bending. This phenomenon causes the inside rims of the pails located on the
edges of the pallets to lift off from the pallet during pallet deflection, creating a discontinuation of pressure.
(Image 5).

Image 4. Pressure distribution observed on the top of the pallet during the warehouse racking test.

Image 5. Plastic pails lifting from pallet during deflection under the warehouse racking test.

In order to evaluate the effect of pails on the deflection of the pallet, a statistical analysis was conducted using
an Analysis of Variance (ANOVA) test. The analysis found that the pail size had a significant effect on the
deflection of the pallet. When the pail size increased, a statistically significant decrease was observed in the
deflection of the pallet. The decrease was between 3% and 27% depending on the pail design and material. The
highest reduction was observed with metal pails.
The same trends were observed for the deckboard gap scenarios with both the 2” gap and the 3.5” gap. It was
observed that the pallets bend more when there is a larger deckboard gap, but it was only significant for the
metal pails. These results are in line with previous research done on corrugated boxes interacting with pallet
deflection that was conducted by former CPULD graduate students Jonghun Park, Page Clayton, and Steven
Morrissette.
This study revealed that pail size has a significant effect on pallet deflection, while the pail material does not
make as significant a difference. Future studies will focus on the investigation of pail stacking patterns on pallet
deflection in order to gain more understanding about how pails can affect pallet performance.

Student Spotlight — Ben McMurray

Ben McMurray is one of three students offered a 2020 internship through CPULD’s Distribution
Packaging Internship Program. McMurray grew up with two younger sisters in Lorton, Virginia, and is now one
of the many Northern Virginia students who attend Virginia Tech. Both of his parents are alumni, and
McMurray has wanted to attend Virginia Tech since childhood and his first trip with his family to attend a
Hokie football game. Over the years, he has visited the Blacksburg area regularly with his family and
considered it a second home even before moving on campus.
McMurray started his college career in the Pamplin College of Business. He enjoyed learning how companies
function and create revenue but wanted something different from the normal business curriculum. He chose to
change his major to packaging systems and design and is still working on a minor in business. He decided on
this pairing because it will allow him to apply his business background to the production of sustainable
packaging solutions.
McMurray has found Forest Products Business Systems to be his most interesting course so far. He especially
enjoyed how the class tied business concepts into sustainability issues within the packaging industry. He stated
that the most helpful skill that he’s learned during his time at Virginia Tech is time management. McMurray
said that he would tell future students that being able to effectively manage their time is a great skill to have,
and it makes life much easier on every level.
In the future, McMurray hopes to start at the production level of a packaging firm in order to learn the ins and
outs of the industry. After a few years at the production level, his ultimate goal is to work his way up to sales
for a packaging firm. He plans to work with individual clients daily and feels that having prior experience on
the production side of the industry will allow him to provide his clients with more insight as well as any
information they might need.
McMurray said that easily the best part about his time at Virginia Tech are the friends and memories he has
made. He stated that “everything, from tailgating before football games, to hiking the mountains around the
Blacksburg area — all activities are always made more enjoyable when done with friends.” McMurray fills his
free time with hunting, fishing, and playing baseball. And, although his favorite food is his grandmother’s
homemade ravioli, McMurray said that his ideal Saturday would include fishing and then cooking the fish he
caught for his friends and family.

News - CPULD open house celebrates joining the Montgomery County Chamber of Commerce

Dean Paul Winistorfer cutting the open house ribbon.

CPULD celebrated joining the Montgomery County Chamber of Commerce network in December with an

open house and ribbon-cutting ceremony held in conjunction with the chamber. The chamber serves over 700
members in the New River Valley by advocating for them at local government meetings and serving as a
marketing and networking cooperative. Its mission is to “promote and develop a positive environment for the
operation and growth of business in Montgomery Country and the New River Valley.”

Activities during the celebration were centered around showing attendees how CPULD can help their
companies since it received Amazon’s Packaging Support and Supplier (APASS) certification earlier in the
year. The APASS program was developed to support vendors in certifying their products for distribution
through Amazon’s shipping networks. CPULD is now able to offer package testing and design services for any
product to be shipped through Amazon. Manufacturers interested in reducing their e-commerce costs,
minimizing Amazon prep chargebacks, and improving overall customer e-commerce experiences can now bring
their packages to CPULD for certification.
The Montgomery Country Chamber of Commerce helped CPULD invite local companies, particularly those in
the packaging and material handling industries, to the open house and ribbon-cutting ceremony. It was
advertised as a celebration at which they could network with other local businesses and learn what was needed
to design or redesign their packaging in order to meet Amazon requirements, as well as how to create packaging
designs that are successful, sustainable, and cost-effective in order to help increase their company’s
competitiveness. Attendees could see demonstrations of what their packaging would have to survive in order to
be certified as shippable through Amazon’s distribution supply chains, and they got to meet CPULD’s talented
technicians and students.

Associate Professor Laszlo Horvath, director of CPULD, opened the program by speaking about CPULD’s
testing labs. The many local companies in attendance learned what Amazon requires, such as vibration and drop
tests, and how CPULD can design better packaging for them. Horvath spoke about some of the new research
being conducted and reminded the attendees that they could hear from the student researchers directly by
visiting their stations set up around the lab.
Sharon Scott, executive director of the chamber, spoke about how CPULD’s labs positively impact the local
community and Virginia as a whole. CPULD is the only APASS certified lab in the state. Scott pointed out that
CPULD is providing needed services; otherwise, local companies would have to go out of state to get their
packages certified for Amazon. In these days of COVID-19, CPULD labs have been designated “essential” and
are still open and certifying packaging for Amazon.
Speeches concluded with Paul Winistorfer, dean of the College of Natural Resources and Environment,
outlining how CPULD helps fulfill the research and community outreach goals of the college and university as
a whole. Winistorfer then cut the ceremonial ribbon declaring the CPULD an official member of the
Montgomery County Chamber of Commerce, open and ready to help all local companies!

Pictures of students giving presentations about their jobs and research in the
distribution package testing lab to the industry member attendees of the open house held
to celebrate CPULD joining the Montgomery County Chamber of Commerce.

News - CPULD partners with NWPCA to host webinars for the industry throughout April

In order to facilitate our continuing education goals in these days of social distancing, CPULD is now

offering several webinars on various topics that our industry partners should find useful or interesting. The
webinars will be presented by Associate Professor Laszlo Horvath, director of CPULD, as well as other
specialists in their fields. Most of the webinars will be free to view/participate. Many of the webinars are open
to the public, but some are limited to CPULD members.
During the month of April 2020, CPULD partnered with the National Wooden Pallet and Container Association
(NWPCA) to bring a series of webinars to the industry. NWPCA is the largest organization of wood packaging
professionals in the world, with “more than 670 company members in 28 countries who manufacture, repair and
distribute pallets and wood packaging in unit-load solutions, or who supply products and services to the
industry.” Its mission is to provide an environment in which members can succeed while promoting the wood
pallet and wood packaging industry.
The three webinars in April centered around NWPCA’s software, The Pallet Design System (PDS), and
educating attendees on the various ways this software can be used to save their companies time and money.
NWPCA often sponsors the CPULD research projects – the results of which are included as updates to the PDS
software. Everyone felt that partnering to host this series of webinars fit into both NWPCA’s and CPULD’s
missions perfectly. This series included the following webinars:
April 16th: “Introduction to PDS 6.1: Unit Load for Boxes.” This webinar gave participants a brief
introduction to unit load structural behavior and how PDS can assist in the design and analysis of unit loads of
boxes. Kristen DeLack, NWPCA professional engineer and PDS structural engineer, covered the research that
went into this milestone-achieving software and an overview of the technology. She also presented a few case
studies showing how the software could be used to benefit the attendees’ companies. Laszlo Horvath presented
a high-level overview of the scientific testing and findings from a recent independent study that demonstrated
the cost-savings that can be achieved by using system-level design processes.
April 23rd: “Corrugated Boxes 101.” Laszlo Horvath provided an overview of the background of corrugated
boxes. He demystified corrugated materials and enabled participants to be more confident when discussing the
product with their customers and stakeholders. Kristen DeLack then provided insight into box performance
when incorporated into a typical unit load and showed how the PDS software could help.

April 30th: “Design and Analysis of Unit Loads of Boxes.” Kristen DeLack showed how to use PDS to
design unit loads of corrugated boxes and highlighted how to make a difference for customers with holistic,
system-level design. There was also a hands-on tutorial using PDS to perform case studies.
Through these three webinars, the partnership reached a total of 680 people from around the world. In fact, the
webinars drew in participants from 17 different countries! The United States, Canada, Mexico, the UK, and
Singapore all had dozens of viewers, while India, Ireland, and Brazil each had around a half dozen participants.
Other countries represented include Argentina, Australia, Hungary, Italy, New Zealand, Peru, and the
Netherlands.

News - Horvath presents at NWPCA Annual Leadership Conference

Laszlo Horvath presents CPULD research at the NWPCA ALC

CPULD Director Laszlo Horvath was invited to speak at the Annual Leadership Conference of the National

Wooden Pallet and Container Association (NWPCA) in early March.

NWPCA, a globally recognized voice for the wood packaging industry, is the largest association of packaging
professionals in the world. NWPCA works every day to increase their members’ expertise while meeting the
needs of its members and promoting the industry. NWPCA has a long history of working collaboratively with
Virginia Tech and has been sponsoring research projects designed to provide fundamental information for the
upcoming version of its Pallet Design System (PDS) software.
Horvath’s presentation focused on a new module of the Pallet Design System software, which now includes
data about how the stiffness of a wooden pallet affects the strength of corrugated boxes. This module was added
to PDS after CPULD’s graduate students completed research projects about this topic, which were sponsored by
NWPCA’s Pallet Foundation. In short, the PDS software can now help users design stiffer pallets, which, in
turn, allows them to use less expensive corrugated boxes while achieving the same, if not better, end strength of
their unit loads at a cost savings.
The 2020 NWPCA Annual Leadership Conference hosted 646 industry professionals from all over the world.
New pallet manufacturers, recyclers, pallet pooling companies, lumber providers, equipment providers,
universities, and end users from worldwide retail companies gathered in Naples, Florida, March 4-6. It was a
great opportunity for CPULD to share the results of its latest research project with the leaders of the pallet
industry.

COVID19 Updates – Message from our Director
Please visit our website for continual updates on how things are changing here at CPULD due to the current
issues surrounding COVID-19 and the social distancing that is needed from all of us to help #flattenthecurve…
We are confident that by working together we can all be part of bringing the pandemic to a stop!
Until that time, CPULD will be participating in all protective measures requested or required by Virginia Tech
and by local, state, and federal governments. This includes increasing the sanitation measures in and around our
buildings, allowing our faculty and staff to work from home whenever possible, and unfortunately, this includes
the possibility of fully shutting down for short times in the future.
The safety of our students and staff is our utmost priority; thus, though all changes and updates, you can trust
that we, here at CPULD, are still adhering to strict safety standards:
•
•
•
•
•
•

We are observing social distancing and limiting contact between technicians.
All technicians wear gloves and masks at all times.
We are disinfecting regularly touched surfaces every morning.
We have closed the lab to outside visitors.
We have implemented new policies regarding accepting incoming deliveries.
We are communicating with current clients using video calls.

If you would like to learn more about our availability, please contact me, Laszlo Horvath (lhorvat@vt.edu or
540-204-5277) and check our website for regular updates!
Thank you,
Dr. Laszlo Horvath
Associate Professor and Director of CPULD

March 16, 2020 - CPULD Update #1: All faculty and staff have been given the option of working from home.
While we’re hopeful that most operations will continue to run smoothly, please be patient because, as with any
change, while getting used to a new normal, delays may happen. Feel free to email or call any of us directly
with questions; we are all committed to serving the needs of our students and customers and are happy to
communicate any answers we have with you.
March 23, 2020 - CPULD Update #2: The Wood Pallet Design and Performance short course that was going
to be held April 29th-30th, 2020 has been postponed until the fall of 2020. Please check the Continuing
Education page of our website for updates when it’s been rescheduled.
March 31, 2020 - CPULD Update #3: The Distribution Packaging Lab is still running, but with very minimal
staff. This limits the number and types of pallet and packaging tests we are able to conduct. Please contact us if
you have a testing project that you believe may require minimal human labor involvement, and we will let you
know if we are able to take on your project at this time. Reduced staff operations will last until at least June 1st
and may change at any time to full closure. Please still feel free to contact us with any questions you may have!
April 1, 2020 - CPULD Update #4: The Corrugated Materials Lab is closed until at least June 1st. Current
projects will be completed as quickly as possible and final reports sent out. No new deliveries will be accepted
and no new projects will be scheduled until at least June 1st, 2020. Please download this COVID-19 Update
Letter for more info specifically for Corrugated Materials Lab customers.

April 10, 2020 - CPULD Update #5: Our Amazon APASS lab received an “essential operation” status from
the university thus we are here to help with you Amazon or ISTA certifications.
We have implemented some new health and safety policies to make sure that our staff and students are safe. We
are disinfecting commonly touched surfaces each day, our students wear masks and gloves during testing, and
we are limiting close contact between technicians. We have also implemented new policies related to accepting
shipments in order to limit contact during deliveries.
In addition, we cannot have any external visitors or clients on site. However, we can record the test using our
tablets or set up a video call to show the testing live. Please contact Laszlo Horvath (lhorvat@vt.edu) to
schedule testing or if you have questions about our current capabilities!
May 4, 2020 - CPULD Update #6: Our Distribution Packaging Lab is fully open (although it is operating with
reduced staff). However, the IKEA lab is closed until further notice. But, because packaging and pallet
companies are an essential part of the supply chain, we have been allowed to stay open in order to support them
and to make sure that all packages are shipped damage free. We are still able to help with pallet design
evaluation, ISTA, NMFC, and Amazon certification, and unit load stability, among other tests. If you would
like to schedule tests or learn more about our availability, please contact Laszlo Horvath at lhorvat@vt.edu or
(540) 204-5277.

BLURBS
White Paper Publication:
White Papers are CPULD’s way of offering new knowledge to the public. Many of CPULD’s research projects
are conducted for private clients with the exact results remaining proprietary to those clients. However,
CPULD’s White Papers offer overall summaries of our recent research (or about older research whose
confidentiality time has expired) written for pallet and packaging professionals, about different topics that our
industry members should find informative and useful.
Over the years, CPULD has published White Papers on topics such as Technology Use in Reusable Packaging,
Phytosanitary Regulations for Packaging, How to Prevent Moisture in Sea Containers, and Properties of
Shredded Wooden Pallets. In 2019, CPULD released a new White Paper on Circular Economies and the Pallet
Industry. This topic was particularly well-received as the pallet industry is shifting towards a more sustainable
future. The circular economy is the concept of designing products, not only for their intended use but also with
an eye on the end-of-life scenario for that product, i.e. reuse or recyclability.
In 2020, two White Papers are already scheduled to be published. The first one to be on the lookout for is about
How to Determine the Load Capacity of a Pallet. This White Paper will shed some light on the pallet tests
required by ASTM and ISO standards, and how the stiffness and strength of the pallet affect its load capacity.
The second 2020 White Paper will focus on How Fasteners Affect Pallet Durability. The paper will explain how
a model was built to estimate the economic life of a pallet and how common nail characteristics, such as thread
diameter, thread angle, and wire diameter, affect pallet life. For example, using an 11.5-gauge bulk nail instead
of a 12.5-gauge collated nail can improve pallet durability by 85.6% and double the life of the pallet!
Keep on the lookout for new White Papers being posted soon!

New Website Coming this Summer:
CPULD is revamping our website! Coming summer 2020, unitload.vt.edu will change its look completely. We
are more closely aligning our look to the recently updated Virginia Tech website and branding.
Our web presence is one of the main ways we connect with students and industry, and the new website will be
geared towards those two audiences. The new website will provide more information to prospective students for
them to learn about the benefits of attending VT, research opportunities currently available, step-by-step
graduate school application process, as well as the history of our center and the research that students before
them have been a part of.
For industry members, the new website will have more information on our current undergraduate and graduate
research projects, how to sponsor graduate and undergraduate projects, and we will share essential information
about pallets and packages using our new FAW and White Paper pages.
We are also giving more visibility to our graduate students. Our M.S. and Ph.D. students are working hard on
state-of-the-art research projects that aim to solve existing industrial problems and/or make packaging and pallet
designs more efficient and sustainable. The new website will highlight the goals of these research projects for
each student, share information about the qualifications of the students, and provide an opportunity to follow
each research project on social media.

SLICK Will Soon Require New Login Procedures:
This is a note to the Industrial Affiliate Membership of CPULD: Our Searchable Library of Information and
Center Knowledge (SLICK) will soon be updated along with the rest of our website. Part of this update will
include changing the login procedures over to a more secure system.
Last fall (around August 20, 2019) each of you were emailed new usernames and temporary passwords and
were instructed to reset the passwords to ones of your choosing within 24 hours. If you completed this, then you
are set! When the CPULD website switches to its new look, all you have to do is log in via those new
credentials and you’ll be able to access SLICK as usual.
However, if you did not reset your password last August, then please pay attention to your emails from CPULD
over the next few weeks. You will first be receiving an email letting you know which day we are resetting your
account with a new temporary password. We plan to have the IT department here at Virginia Tech reset these
accounts/passwords by the end of May. As soon as they are reset, you will again be emailed – this time with
instructions about how to proceed. These instructions MUST be completed within 24 hours of the reset.
If you miss this 24-hour window, you will have to contact the Virginia Tech IT department yourself and the
process will take more time. All of this will be explained in detail in the upcoming announcement emails.

Student Interview Videos
One of CPULD’s latest projects is to begin recording and producing videos about our students. We will be
interviewing both graduate students and undergraduate students as part of our efforts to be a valued connection
between our industry partners and their future employees.
These interviews consist of questions about the student’s personal and educational goals as well as their future
career hopes and questions about their current research projects – the processes and results. Our hope is that
your interest in their work and skills will be piqued by these interviews and you’ll remember our students when
job openings occur in your company.
We started this series by interviewing graduate student Mary Paz Alvarez. In her interview, she states she chose
to come to VT because of our excellent reputation in her field of interest, and she explains her current research
project, sponsored by NWPCA’s Pallet Foundation, which is focused on the interactions between drums and
pallets: https://youtu.be/ifeR4qDVu5Y
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~ Continuing Education Opportunities ~
2020 Webinars
CPULD is pleased with the response to our new webinar series. Director Laszlo
Horvath gave four separate lectures in 2019, which were free to our members. All
webinars had around a dozen participants and received high satisfaction ratings
from the survey sent out to attendees. And in April 2020, CPULD partnered with
NWPCA to offer a series of 3 webinars designed to help train the industry on
various new aspects of NWPCA’s Pallet Design System (PDS) software which is
regularly updated with research findings from CPULD projects. This series of
webinars reached 680 attendees in 17 countries.
We hope to ramp up our webinar offerings in 2020. If there are any topics in
particular that you or your company would be interested in, please feel free to
suggest them to us!
Stay tuned to learn when more 2020 webinars are announced.

W o o d P a l l e t D e s i g n and Performance Short Course, F a l l 2 0 2 0
Pallet design is an integral part of the material handling system. Wood pallet
suppliers, sales professionals, professionals responsible for pallet purchases,
packaging engineers, and pallet specifiers will all benefit from an understanding of
how to design pallets that will last longer and perform better.
This intensive three-day short course will teach techniques that pallet designers
can use to save money when designing pallets by considering the interactions
between all of the components of the material handling system. The course will use
state-of-the-art pallet design software called the Pallet Design System (PDS) to
better demonstrate the steps that go into the pallet design process. You will also
be taken on a tour of a working, state-of-the-art, pallet testing laboratory!

U n i t L o a d Design and Performance S h o r t C o u r s e , A u g . 2 5 - 2 7 ,
2020
Unit load design is a revolutionary, systems-design approach that significantly
reduces the cost of distributing products to consumers by understanding how
pallets, packaged products, and handling equipment mechanically interact. Unit
load design is a new and valuable service that pallet, packaging, and handling
equipment suppliers can offer their customers.
This intensive three-day short course will teach techniques that pallet and
packaging designers can use to save money on corrugated board and plastic
packaging materials when designing pallets and packages by considering the
interactions between all of the components of unit loads. The course will use a
state-of-the-art unit load design software called Best Load to better demonstrate
the steps of the unit load design process. You will also be taken on a tour of a
working state-of-the-art packaging and pallet testing laboratory!

To learn more or register for these courses, visit:
www.unitload.vt.edu/education/continuing-education/
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