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Improving the structural integrity of cartons
for the export of fynbos

Viable solutions to a costly fynbos-carton problem
The expertise of Stellenbosch University's Prof.
Corné Coetzee was enlisted to find viable solutions
to a costly problem facing the fynbos industry.

In the 1980s, the band Living in a Box released an
eponymous song whose refrain = “Am | living in a
box? (Living) Am | living in a cardboard box?” - reflects
the reality of South Africa’s premium fynbos stems,
which spend up to half of their post-harvest lifespan
in paperboard boxes during sea transit.

Sea freight is cost-effective, reducing rates by
approximately 50-60% compared to air freight. It
is also suitable for some species, cultivars and
selections of the hardy, cut-flower fynbos products.
But this means that these products spend up to 29
days at sea in ventilated, corrugated paperboard
cartons.

Some of these cartons did, in fact, collapse en
route to their final destination. This setback is also
prevalent in air-freight shipments, where freight
skids typically do not have the rectangular, stable
configuration of sea freight pallets. An assessment
of local exporters and European importers showed
that approximately 5-13% of all shipments had
failed cartons, including both sea- and air-freighted
products. This was the multi-million-rand problem
identified by Cape Flora SA (CFSA) that had a
profound economic and reputational impact on
growers.

Despite the standardisation of the geometric size
of the boxes used for export, the paperboard used
is up to the manufacturer and can range from
grammage to Kraft (strong and durable), or
recycled (weaker) to the fluting size and the number
of layers comprising the carton.

The need to establish minimum specifications for
carton structural strength was, therefore, identified
and supported by industry stakeholders. This set

in motion a process to develop a carton with an
improved design, or to establish minimum carton-
strength standards in the industry.

CFSA approached Prof. Corné Coetzee - Professor:
Granular Materials Research Group at Stellenbosch
University’s Department of Mechanical and Mecha-
tronic Engineering. And Tiaan Cronjé, a master's
student at the time, was assigned to assist.

Failure mechanism identified

An image was produced that depicted the damaged
boxes upon arrival in the Netherlands. The cause of
the problem was not immediately apparent during
the initial inspection. The duo proceeded to design
a laboratory set-up that would replicate the trans-
port conditions, only including those deemed
important in their estimation.

Then an entire pallet was put through repeated lateral
acceleration and deceleration tests. It then became
evident that they were dealing with the same
failure in the well-controlled laboratory environ-
ment, as seen in the image — mostly in the lower

part of the pallet.

Coetzee observed, "We knew that, at least we are
replicating the conditions, because our box was
failing in the same manner.” However, bulging was
not the cause of the failure mechanism. He asserted
that the issue was the lateral movement, or shear
failure, rather than compression failure.

Through this process, he identified the dominant
failure mechanism in an existing carton design (522
Superstack) widely used in sea freight exports.
Coetzee explained, “It's a combination of the box’s
dimensions and its overall design. The lid doesn't
extend all the way to the bottom and because the
tray alone lacks sufficient strength, the carton, as a
whole, fails during transport.”



A new test for science

Coetzee explained that conditioning is always part
of any box testing. Whilst box compression tests
were the standard, he proposed use of a new one
that they developed, the box shear test (BST).
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Box shear test.

For the BST, instead of using one box, two were
used and box compression tests were implemented,
albeit laterally. To do so, careful support of the boxes
was imperative and these were firmly pressed down
in the middle. This simple, yet effective test produced
the same kind of failure. “Not only was it new for
the industry or for these kinds of boxes, it was new
for science.”

Although box compression and box shear tests
were used on the newly designed boxes, they were
also validated in a pallet stack under repeated
acceleration and deceleration conditions. It is
proposed that all new boxes for this application are
subjected to all these tests, and when a box meets
all the minimum load requirements, is could
successfully be used for this specific application.

An unexpected challenge

Coetzee didn't expect for them to have to under-
take the project without a manufacturing partner,
or any form of collaboration. Although the boxes
could be designed, construction was not possible
due to a lack of the necessary equipment and
materials.

At the very least, they needed a partner to cut the
box according to their design. After they
approached Mpact Corrugated, the company
came on board and was willing to cut the proto-
types for them. However, months passed before
the prototypes were ready for them to do the
testing. Notwithstanding delays, it all worked out
well in the end.

Field tests

Coetzee provided details about the field experi-
ment conducted. A trip to the airport was arranged,
where boxes were loaded onto a pallet and placed
on a truck. Thereafter, Cronjé and the driver drove
around for 30 minutes to replicate the real-world
conditions that boxes may be subjected to on a
pallet during transportation. All measurements
were recorded to ensure that the set-up in the lab-
oratory simulated conditions experienced in transit.

The results of the field test were then used to ensure
that the acceleration produced in the laboratory
tests simulated truck conditions. Not only did they
measure the forces on individual boxes in the lab-
oratory, but also stability of the whole pallet. Coetzee
added that these were interlinked: If the box failed
or started to fail, then the whole pallet became unstable.
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Additionally, the more unstable the boxes are, the
more movement there is on the pallet, which
increases the impact on the boxes. This is the reason,
he concluded, that it was imperative to consider
both when designing a box.

He explained that the boxes were then conditioned.
There was a conditioning chamber in the adjacent
building, where Cronjé would take the boxes and
condition them for 24 or 48 hours, according to a
specified standard related mainly to exposure to a
set relative humidity.

This would lead to moisture absorption by the carton.
“As quickly as possible, [the student had] to bring
them over to the engineering faculty and do the
test within 20-30 minutes. *

Coetzee noted that some of the results were
inexplicable. During cyclic load testing, it appeared
as though the boxes were recovering some of their
strength, which could be attributed to changes in
the humidity.

Limited scope

Importantly, Coetzee explained that the presence
and placement of ventilation holes could influence
individual box performance, as well as the stability of
the whole pallet. Therefore, it was imperative that
one considered box performance, pallet stability
and cooling holistically.

However, in this study, the scope was limited to
assessing the structural strength of the box. And
because CFSA had not indicated any concerns
around cooling, they kept the total area of venti-
lation the same.

Results

In the end, four new cartons were designed, namely
the edge vent tray and lid, the extended lid with
a standard tray, the anti-shear tray with a standard
lid, and the mailer box. Findings showed that
all, except the edge vent tray and lid, performed
better than the industry S22 Superstack carton and
complied with the minimum structural strength
specifications for cartons.

The fourth design (mailer box) was a novel product
that eliminated the need for a separate tray and
lid. It also enabled a more stable brick stacking
compared to the S22 Superstack, which could only
be column stacked on a pallet.

New carton design
with anti-shear.

Referring to the anti-shear box design, Coetzee
shared a surprising anecdote. Having already
developed more complex, improved solutions, he
asked the student to simply “extend the lid all the
way down the tray and test that.” And it was the
request for the final design that turned out to be a
stroke of genius. "I didn't really expect that to be
the best solution. It's the simplest one.”

New carton design
with extended lid.

After the significant finding regarding the extended-
lid box, he said that the actual cost per carton
would increase. Essentially, each carton needed
additional paperboard to accommodate the ex-
tended lid. Stakeholders were faced with a crucial
decision: either carry the extra cost associated
with this new design or bear the brunt of losses
endured due to damage in transit.



These findings were presented to CFSA and
producers and submitted to an international journal.
The team looks forward to receiving feedback.

The way forward
Coetzee confirmed that a document would be
produced reflecting the proposed minimum standard.

When quizzed about the possibility of using an
alternative material to paperboard, he remarked, “I
am hesitant to say there won't be something different
to paperboard, but at this point in time, paper-
board is the best: low-cost, relatively high-strength,
and it can easily be recycled.”

The team has extended the project, as they agree
that it warrants further testing. Incorporating more
carton types and enlisting additional manufacturers
should help to facilitate imminent industry-wide
implementation of paperboard cartons.

Proteas packed for export.
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Paper board cartons.
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