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Presentation Notes
Good morning everyone
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Established in October 28th 1976.
Laboratories:

Center for Packaging and Unit Load Design

Distribution Packaging Laboratory Corrugated Packaging Laboratory Primary Packaging Laboratory
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Our  V is ion

Our vision is to be the hub of 
packaging innovation
where researchers, students, 
and industry professionals
work together to improve the 
efficiency of the supply chain.
. 
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INDUSTRY OUTREACH

Solve problems that matter
Our researchers work collaboratively with pallet and packaging industry 
to provide rapid solutions to their most pressing problems from Amazon 
certification to custom test development. 

EDUCATION

RESEARCH

Optimize the Packaging Supply Chain
Our researchers and students are developing information 
and technologies which optimize the relationship between 
the design and performance of packaging systems and 
maximize the efficiency of the packaging supply chain.

Educate through real life projects
We are involving our students into every aspects of our 
operation from testing to website design. Industry projects 
from our partner companies allows us to educate our 
students by solving relevant real life problems.  
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Services
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Short Courses:
• Pallet Design and Performance

• Unit Load Design

• ProLogis Warehousing and Packaging

unitload.vt.edu

Testing:
• Packaging and Pallet Certification

• IKEA and Amazon Certification

• Fastener Evaluation

• Supply Chain Audit
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Industry Certifications

CERTIFIED LABORATORY

CERTIFIED LABORATORY
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 Gold Members

Industrial Affiliate Membership
 Bronze Members Silver Members
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Research Areas
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SUSTAINABILITY 
STUDIES

MARKET 
STUDIES

UNITLOAD INTERACTIONS SMART 
PACKAGING

UNIT LOAD
STABILITY

PALLET 
DURABILITY



Background
 508 Million pallets produced in 2016 
 80% of packaged goods are shipped 

using pallets in the United States
 Understand the interactions of the 

pallet and packaging  better design 
decisions

 Create sustainable, cost effective, 
and safe palletized unit loads
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Presenter Notes
Presentation Notes
There are an estimated 839 million pallets circulating in the United States1. They are a key element of our supply chain since it is estimated that 80% of packaged goods are shipped using pallets in the United States2. A palletized unit load itself is composed of three physical components: packages, unit load stabilizers, and pallets3. Investigating the impacts of pallet and package interactions can help unit load designers create more sustainable, cost effective, and safe palletized unit loads.



Background
 Deckboard gaps increase 

compression strength decreases
 Relation of area supported and 

compression strength
 Asymmetrical loading vs. 

symmetrical loading 
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Symmetric Asymmetric

Source: Baker, M, Horvath, L, White, M.S. (2016) Effect of pallet deckboard stiffness on corrugated 
box compression strength, Packaging Technology and Science, 29(405) 263-274.



Background

 Pallet stiffness significant in corrugated box performance
 Increase in impact of stiffness when deckboard gaps 

increase
 Quesenberry found relation between decreasing box 

material and increasing pallet material  relationship of 
pallet and package 
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Presenter Notes
Presentation Notes
The pallet deckboard stiffness effect was also previously studied by multiple authors11, 12, 18 Baker et al.11 found that pallet stiffness has a significant effect for boxes that are symmetrically supported on the pallets. It was hypothesized that due to the use of a single box on the pallet, the rotation of the deckboards could have influenced the results. Therefore, Phanthanousy further investigated this topic and found that the rotation of the deckboards have negligible effect and would not influence the strength of boxes during testing.  Phanthanousy12 also found that the effect of pallet deckboard stiffness on box compression strength is more prominent when pallets with larger gaps are used. Baker et al.18 additionally created a model that replicated the interaction between corrugated boxes and pallets as an interaction between an elastic foundation and a beam, respectively. 
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16”x”10”x10” Box

24”x”10”x10” Box

 Boxes can be 35% stronger on stiffer pallets

Pallet Stiffness Effect on Box Strength

Presenter Notes
Presentation Notes
Results consistently shows that boxes are stronger on stiffer deckboards



Impact on Financials
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 3/8 in. top deckboards
 40 ECT C-flute Corrugated Box

 5/8 in. top deckboards
 32 ECT C-flute Corrugated Box

Cost Analysis: 
 Pallet: $9.82
 48 boxes: $35.47
 Total Unit Load: $45.29

Cost Analysis: 
 Pallet: $12.11
 48 boxes: $31.34
 Total Unit Load: $43.45

Unit Load A Unit Load B

-$1.84 Savings per Unit Load

Presenter Notes
Presentation Notes
Cost savingsIt can change



Background

The objectives of the studies were the following:
 Investigate the effect of a plastic pail’s location on a pallet on 

the pail’s compression strength.  
 Investigate the effect of a pallet’s top deck thickness on pail 

compression strength. 
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Materials and Methods
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Materials & Methods
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Package: 5-gallon Uline Pail
Load application: Rigid jig  bottom of a pail
Five pail locations on the pallet
Pallet:
 Small scale pallet: 14.5 in. x 36 in.  
 3/8 in., 1/2 in., 5/8 in. & 3/4 in. deckboard

thicknesses
Compression testing: ASTM D642 guidelines at 
ambient laboratory conditions (72 F) with 50 lb
preload
Failure: pail sidewall buckled or lid failure
Collected data points: cross head movement, pallet 
deflection using an LVDT and load applied

Locations that were tested

Example of test setup

Presenter Notes
Presentation Notes
To simulate the forces that a pail experiences during double stacking, the investigated pail was loaded using a custom loading jig that simulated the bottom section of a pail. The loading jig was made by cutting the bottom 1.5 in. section of a plastic pail and reinforcing it with two circular pieces of plywood. The load on the loading jig was applied using a rigid, fixed platen using a 0.5 in./min. loading rate. The crosshead movements of the loading machine were collected throughout the experiment by a computerized data collection system. The deformation of the pail was calculated by subtracting the pallet deflection from the crosshead movement. The load was increased until the pail was no longer able to support the load. The tests were conducted at ambient laboratory conditions. The experimental setup is presented in Figure 3.



Location Decisions
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Locations that were tested

Locations chosen from pail arrangements on 
pallet
 Center of pallet, center of deckboard, edge of 

the pallet, 1.5 in. offset, 2.6875 in offset
 Rigid testing condition for comparison

AB C DE

Rigid Deckboard Testing

Presenter Notes
Presentation Notes
The rigid deckboard tests were conducted using a Lansmont Squeezer Fixed Platen Compression Tester (Lansmont Corporation, Monterey, California) which utilized a 5,000 lb. load cell. The rigid pallet simulator comprised of two 12 in. x 5.5 in. x 0.5 in. deckboard made of Southern Yellow Pine lumber that were fastened to a 20 in. x 20 in. x 0.75 in. plywood base creating a 3.5 in. gap between the two deckboards. One-inch structural wood screws were used to secure the deckboard simulators to the plywood base. The pail was centered on the rigid deckboards and the loading jig outlined in the previous section was used to simulate the loading from another pail. The load was applied using a fixed platen with a 0.5 in./min. load application rate. The experimental setup is presented in Figure 4. 



Results
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Pail Failure Examples
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Center of pallet Center of deckboardsEdge of pallet

Presenter Notes
Presentation Notes
When cylindrical shells fail and experience bifurcation and nonlinear buckling they can deform in different ways. The “elephant’s foot” is a common failure mode where the plastic bulges outwards evenly across a section of the pail36. When pails reached the bifurcation buckling stage of the load vs. deflection curve, the buckling is visibly seen as a non-axisymmetric dent21. Before the pail would reach failure load, the pail did indicate that it was buckling in the elephant foot form. The outward buckling was located towards the bottom of the pail where the body of the pail meets the bottom diameter of the pail. The main mode of pail failure was sidewall buckling, a manifestation of non-axisymmetric bifurcation buckling. This always occurred on the section of the pail sidewall that was over top of the flexible pallet deckboard and closest to the rigid stringers. The exact location of the sidewall buckling changed depending on the support condition. The pails that were in the center of the pallet segment would buckle closest to the stringer (Figure 6a). The pails that were off-center followed the same trend and buckled on the side nearest the stringer (Figure 6b). When the pail was centered on the deckboard, the pressure would concentrate towards the stringers and fail closest to the stringers (Figure 6c). This failure mode indicates that, due to bending deckboards, the load shifts towards the rigid stringers where the stress has concentrated, and this causes the pail to buckle. 



Results: Deckboard Gaps
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Results: Pail Overhang
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Presenter Notes
Presentation Notes
A previous study listed a difference of 43% decrease in capacity with a 2 in overhang and a 30% decrease in capacity with a 1 in overhang. when our researcher indicated that there was a decrease of 27% difference between the 1 in overhang and then a 39% difference with a 2 in overhang. 



Results: Location Effect
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Results: Stiffness Testing & Effect of Location
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Presenter Notes
Presentation Notes
Corrugated assumed that every pallet is the same but there is a relationship so we need to investigate it. There have been studies that go into the the deckboard gaps and the overhang of pails but we have yet to find anything on the interaction between the plastic pail and the pallet. With the trends indicating that there is a shift in the pallet market and material potentially declining in quality we need to understand the implication of these changes in terms of the plastic pail and pallet. 



Results: Stiffness Testing & Effect of Location with Overhang
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Conclusions
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Conclusions
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• Increasing the size of the pallet gap and overhang significantly reduces the 
strength of plastic pails 

• The location of the pail on the pallet has a significant effect on the pail strength
• Compression strength of pails decreased as much as 40% at the edge of the pallet
• Thickness of the pallet top deckboard has a statistically significant effect on the 

compression strength of the plastic pails
• When the thickness of the pallet top deck decreases, the compression strength of 

the pail decreases as much as 47%
• Deckboard stiffness effect related the location of the pail on the pallet

Presenter Notes
Presentation Notes
The location of the pail on the pallet has a statistically significant effect on the compression strength of the pail. The compression strength of the pail is the lowest when the pail is supported asymmetrically such as when one side of the pail is on or near a stringer then the other side is on a deckboard.  The compression strength of pails decreased as much as 40% when supported at the edge of the pallet compared to the center of the pallet.The thickness of the pallet top deckboard has a statistically significant effect on the compression strength of the plastic pails. When the thickness of pallet top deck decreases, the compression strength of the pail decreases by as much as 47%. The effect was not significant between the 0.5 in. and 0.625 in. deckboards. The effect of the pallet top deckboard thickness on the pail compression strength is dependent on the location of the pail on the pallet. Although, the thickness of deckboards is relevant when analyzing pail failure, the pail failure is not occurring at a specific pallet deflection.  The results of the study indicate that palletization and pallet design have a significant effect on pail performance. To avoid safety issues, when reducing the thicknesses of the top deckboards, packaging engineers need to ensure that plastic pails have enough remaining strength to safely carry the load.



Future of Plastic Pail Work
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• Developing a finite element model of plastic pails on 
pallet to predict interactions

• Continuing to investigate the effect of supported base 
(relationship between % of supported base and 
compression strength)

• Data and model will be integrated into the NWPCA 
software, Pallet Design System 

Finite Element Example

Presenter Notes
Presentation Notes
The location of the pail on the pallet has a statistically significant effect on the compression strength of the pail. The compression strength of the pail is the lowest when the pail is supported asymmetrically such as when one side of the pail is on or near a stringer then the other side is on a deckboard.  The compression strength of pails decreased as much as 40% when supported at the edge of the pallet compared to the center of the pallet.The thickness of the pallet top deckboard has a statistically significant effect on the compression strength of the plastic pails. When the thickness of pallet top deck decreases, the compression strength of the pail decreases by as much as 47%. The effect was not significant between the 0.5 in. and 0.625 in. deckboards. The effect of the pallet top deckboard thickness on the pail compression strength is dependent on the location of the pail on the pallet. Although, the thickness of deckboards is relevant when analyzing pail failure, the pail failure is not occurring at a specific pallet deflection.  The results of the study indicate that palletization and pallet design have a significant effect on pail performance. To avoid safety issues, when reducing the thicknesses of the top deckboards, packaging engineers need to ensure that plastic pails have enough remaining strength to safely carry the load.
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Presenter Notes
Presentation Notes
Drums are used often for chemicals. Large rigid objects!!



T h a n k  y o u  f o r  y o u r  
a t t e n t i o n
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