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Abstract: Supply chain complexity and uncertainty of transportations hazards and weak packaging increases product
damages during shipping. The most common hazards in transportation include shocks, vibrations, accident, handling, etc.
However, proper packaging can prevent most of the damage from shocks and vibration. The loss due to damage at each stage
of the supply chain network can be reduced by selecting the appropriate packaging type, transportation method and by
shipping under assembled or unassembled condition. A mathematical model which minimizes the total costs (damage costs,
shipping costs, and packaging costs) has been developed and programmed in MATLAB to find the best routes and packaging
type to minimize the cost of damages in transit. The mathematical models were verified by using total enumeration strategy.
Case studies to illustrate and validate the procedure were developed and implemented in MATLAB.
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1. Introduction
The expansion and globalization of manufacturing has led to long supply chains. Supply chains have raised the need
for preventing damage during transportation. With poor packaging, products may get damaged during transportation. This
consequently leads to waste (Muda). Proper application of lean techniques should be applied to reduce this waste. One
method of reducing waste is by using proper packaging. The type of packaging and method of transportation influences the
amount of damage and type of damage. Proper or appropriate product packaging helps to ensure that the customers receive
the product without any damage.
The most common hazards in transportation include shocks, vibrations, accident, handling, etc. Damage from
accidents and handling issues are not completely within the control of packaging. However, proper packaging can prevent
most of the damage from shocks and vibration. Shocks occur during handling or transportation. For example, during the
transportation of products in trucks, shocks might occur when the condition of the road is bad. Good packaging can ensure
increased prevention of damage for the products and improve the efficiency for the whole supply chain system
(manufacturing processes, logistics processes, supply chain relationships, and lost sales). Azzi et al. (2012) stated that
“approximately 9% of the cost of any product is likely to be the cost of its packaging”. There are some techniques available
for monitoring transportation conditions to prevent packaging and products from damage. Shipping containers can be fitted
with monitoring devices that can determine the conditions during shipping such as air temperature, humidity, air pressure,
vibration and shocks.
The nature of products can also influence the type of damage. For instance, if there is a fragile product, it is easy to
get damaged during transportation, especially if the package type is not appropriate for the product. Thus, products that are
fragile may be shipped as individual components with appropriate packaging. A product that is sturdy may be assembled and
shipped with minimal packaging. On the other hand, in some cases, it might be better to wrap individual components and
package them together to prevent damages.
During each stage of the supply chain, there may be damages. The damage caused during shipping may be
classified into three categories. (i) Minor damage. (ii) Repairable damage and (iii) Severe damage. In the case of minor
damage, the product has physical damage but has retained the required functionality. Thus, in the case of minor damage the
product may have dents and scratches on the surface, but has not lost any of its functionality. In the case of repairable
damage, the product has physical damage that affects the required functionality. However, the product can be repaired by
replacing some parts. In the case of severe damage, the product has physical damage which is severe enough that a repair
option is not feasible. However, the product can be salvaged, as parts from the damaged product could be reused and some
cost can be recovered while other parts may be scrapped.
There are different transportation methods available in a supply chain. Often multiple transportation methods are
used within a single supply chain system. Truck transportation is the most popular method of transportation products
because of shorter times and the ease and flexibility in transportation. However, transportation using trucks is often subject
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