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COST AND QUALITY FOCUSED SUITABLE BOX DETERMINATION WITH DESIGN OF 

EXPERIMENT: A CASE OF A GLASSWARE COMPANY 

 

ABSTRACT 

There is an increasing competition between companies for their 

survival in today’s business environment. Not only time but also cost 

parameters affect the company’s sustainability performance. Logistics 

as one of the core operations of companies has a large share on 

expenses. Transport, warehousing, administration, packaging, and other 

indirect costs constitute the main cost values of logistics. 

Especially product damages caused by incorrect packing and 

transportation leads to extra expenditures to the companies and 

damages their reputation due to the customer dissatisfaction. In order 

to avoid such situations, proper level of packaging for protection, 

transportation conditions, features of the product like fragility, 

compactness, must be selected and matched correctly. On the other 

hand, some external factors such as temperature and humidity, which 

affect the quality of cardboard, also need to be considered in the 

production phase. In this study, a Design of Experiment methodology is 

performed to determine the suitable conditions for increasing the 

strength of the corrugated cardboard box that is used by a Glassware 

Company operating in Turkey. 3k full factorial design approach is 

implemented for the analysis and box compression test is used for 

measurement. The discussed factors and the interactions of the factors 

were evaluated with the help of Minitab software. 

Keywords: Design of Experiment, DOE, 3k Full Factorial Design, 

          Packing, Logistics, Cost  

 

1. INTRODUCTION 

 In today’s business world, there is an increasing competition 

between companies and operational performance management is crucial to 

sustain a competitive advantage and to survive. The key performance 

criteria such as cost, quality, time, punctuality, sustainability etc. 

need to be managed attentively for companies’ continuity and 

consistency. Cost minimization without sacrificing the desired quality 

became one of major concern with heightened competition. The 

production costs are divided into two main classes as variable and 

fixed costs. These costs are generally composed of materials and raw 

materials, labour, facility, non-recurring and purchased cost [1]. The 

share of these costs within the total cost varies from sector to 

sector. The average logistics costs in the retail sector are higher 

than for manufacturing companies [2]. In addition to this, according 
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to various empirical surveys, the average logistics costs of an 

industrial enterprise account for 10-25% of total costs and logistics 

costs share of company turnover in developed economies tends to be at 

least 10 percent [3 and 4]. 

Logistics cost types are separated according to the functional 

structure at the value creation phase and appear within the value 

creation process. Since a wide variety of logistic cost components are 

defined in the literature, logistics costs are handled in different 

categories. Weber (1995) analyzed logistics costs under three 

categories, which are performance costs, operating level-based standby 

costs and non-operating level-based standby costs, instead of fixed 

and variable costs approach. Horváth and Mayer (1989) proposed a very 

similar categorization to Weber (1995), which include performance-

related material costs, personnel costs and fixed-term costs of use 

for technical assets and service agreements [3]. Zeng an Rossetti [5] 

classified the logistics costs into six categories: transportation, 

inventory holding, administration, customs charges, risk and damage, 

and handling and packaging. According to Weiyi and Luming [6], 

logistics costs are divided into two main groups as explicit and 

invisible logistics costs. The sub classifications of this main cost 

group are shown in Figure 1. Havenga [7] examined logistics costs 

under four categories, namely transport, storage and port handling 

costs, management and administration costs and inventory carrying 

costs.  For the other issues related to categorization of logistics 

costs, interested readers can glance at Silva, et al., [8] and 

Siepermann [3]. 

  Damage cost, in other words loss cost, is described in 

literature as “the value of unit that will be lost, damaged or 

delayed” [5] and can be caused by incorrect packing and 

transportation. Damage cost leads to extra expenditures to the 

companies and damages their reputation due to the customer 

dissatisfaction. In order to avoid such situations, packaging and 

transportation conditions must be selected and matched correctly. On 

the other hand, some external factors such as temperature, humidity, 

which affect the quality of package, also need to be considered. In 

this study, a Design of Experiment (DOE) methodology is performed to 

determine the suitable conditions for increasing the strength of the 

corrugated cardboard box that is used by a Glassware Company operating 

in Turkey. 3k full factorial design approach is implemented for the 

analysis and box compression test is used for measurement. The 

discussed factors and the interactions of the factors were evaluated 

with the help of the Minitab software.  

 

Figure 1. Logistics Cost Components [6] 
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The outline of the study is as follow. In section 2, literature 

review for design of experiment in supply chain management and 

logistics sectors is given. Section 3 presents the methodology and the 

details of the handled problem are also explained in here. The 

computational results are shown in section 4. Section 5 concludes the 

study. 

 

2. RESEARCH SIGNIFICANCE 

Design of Experiment (DOE) methods has been applied in various 

sciences in literature since its agricultural origin. Churchill [9} 

used DOE in genetic science and studied two-color spotted cDNA 

microarrays with a design of experiment to provide the convenient 

statistical analysis on the resulting data. Turley and Milliman, [10] 

presented a summary of the 60 published empirical studies, which were 

used different design of experiment technique to analyze the customer 

buying behavior variability in different atmospheric situations. This 

study is an example of DOE application in social sciences. Wahdame, et 

al., [11] applied DOE in chemistry science where fuel cell consumption 

efficiency was investigated with various operating parameters. Many 

more examples are available from the literature. When the studies 

related to the DOE in supply chain (SC) management and logistics 

sectors are examined, the following papers are encountered.  Shang, et 

al., [12] researched for identifying optimum operating conditions of a 

supply chain with a hybrid approach that incorporates simulation, 

Taguchi method and response surface methodology. 

Biehl, et al., [13] conducted a case study using full factorial 

experimental design method to analyze the performance of a reverse 

logistics supply chain model of a carpet manufacturing industry in the 

US. They used the number of collection centers, the standard deviation 

of the collection rate, a change in the collection rate over time, the 

core’s recyclability, and the control system type as factors. Average 

new carpet inventory level, percentage of months with backlogs, 

average production cushion and average post-consumer recycled content 

were responses.  Manzini et al. [14] studied on designing a forward-

reserve picker to product order picking system. System’s performance 

in different operating scenarios tested with dynamic simulation and 

the significance of the most critical factors were measured with 

factorial design. Curcio and Longo [15] focused on inventory and 

internal logistics management problem within a specific supply chain 

node. 

They aimed to monitor the performance of different inventory 

control policies under different working scenarios and to reduce the 

internal logistics cost by investigating the effect of such critical 

parameters: the number of suppliers’ trucks per day, the number of 

retailers’ trucks per day, the number of forklift, the number of lift 

trucks and the number of shelves levels. They adopted full factorial 

experimental design for the analysis. Hussain [16] quantified the 

effects of design parameters, that are information enrichment 

percentage, time to adjust inventory, time to adjust WIP, production 

delay and time to average sales on the bullwhip effect and dynamic 

responses produced on a multi-stage supply chain by sharing 

information with Taguchi's test method.  Cannella, et al., [16] 

investigated the inventory and order flow dynamics in closed loop 

supply chain management, which is a complicated process. The effects 

of some reverse logistics factors, which are return rate, 

remanufacturing lead-time, number of echelons and information 

transparency, analyzed with DOE. According to the results, as the 

percentage of recollected items increases, the performance of the SC 

improves, while the remanufacturing lead-time increases, the 
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performance of the SC is adversely affected. Chackelson, et al., [18] 

integrated a discrete event simulation with a DOE approach for a new 

order-picking design requirement in a warehouse. The impact of the 

lines per order, order commonality, routing, storage strategy, and 

batching on two responses, which were order maturity time and total 

picking time, was investigated using 2k factorial design on Minitab 

software. 

In the literature survey presented above, it has been observed 

that there are DOE approaches for different applications in logistics, 

but there is no study regarding to packaging and box selection 

problem. However, some studies without DOE method have been found for 

analyzing the strength of the box. One of these, which belongs to 

Hung, et al., [19], evaluated the relationship between water vapor and 

compression strength of three types of corrugated cardboard boxes. 

Experiments were carried out at constant temperature and 95% relative 

humidity using a bursting and compression test machine. The results 

presented that humidity affected the moisture content of corrugated 

cardboard box. In the Carstens’s patent study [20], the horizontal 

edges of the box were drilled and the vertical edges were chemically 

treated to increase the compressive strength of the corrugated 

cardboard box. After the combination of mechanical and chemical 

treatments, the compression strength increased compared to the 

individual treatments.  

The strength of the corrugated cardboard box, which is used 

frequently in logistics sector, is related with the type of paper, the 

weight of paper and the structure of box. The strength increases as 

paper quality or weight increases. However, there are other indirect 

factors that affect the strength of the corrugated cardboard box. In 

this paper, we analyzed the interactions between the strength of the 

corrugated cardboard box and some indirect factors, which are 

thickness of the box, the temperature and the humidity using design of 

experiment approach. Daily box production test values, daily 

temperature values and the humidity values of the 16 months schedule 

were considered for the analysis. The main contribution of this study 

is to consider the box strength problem in packaging, which is one of 

the titles of logistics sector, by using design of experiment method. 

 

3. EXPERIMENTAL METHOD 

DOE is a powerful procedure, which helps to investigate the 

effects of factors (input variables) on a response (output variable). 

Factorial designs are more efficient type of experiments to deal with 

several factors together instead of one at a time. Therefore, by a 

factorial design, all possible combinations of the levels of the 

factors are investigated in each complete replication of the 

experiment. The effect of a factor is defined to be the change in 

response produced by a change in the level of factors and called as 

“main effect”. If the change in response between the levels of one 

factor is not same at all levels of the other factors, it means that 

there is an “interaction” between the factors [21]. In this study, 33 

full factorial design approach, which is a factorial arrangement with 

3 factors, each at three levels [22], was performed to investigate the 

effects of some factors on the strength of the corrugated cardboard 

box, that is used in a Glassware Company operating in Turkey. The 

critical factors taken into consideration were:   

• thickness of the box,  

• the temperature,  

• the humidity. 
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The Glassware Company discussed in this study, uses BC wave type 

corrugated cardboard box with different dimensions in its logistics 

operations. This type of cardboard box is produced by physical and 

chemical processing of 5 different types of paper. Figure 2 explains a 

sample cardboard pattern. 

 

 
Figure 2. BC Wave Type Cardboard 

 

 In real life, each paper has different raw materials and weights 

(g/cm²). In this study, experimental data belonged to the standard 

cardboard boxes with the characteristics shown in Table 1 in order to 

keep the weights and paper types constant. 

 

Table 1. The characteristics of the cardboard box used in the 

experiments of this study 

 
Box Characteristics 

Outer 

Liner 

C  

Undulated 

Medium 

Liner 

B 

Undulated 

Inner 

Liner 

Unit Weight(Gr/cm2) 115 80 80 80 115 

Paper Type Kraft Straw Straw Straw Kraft 

 

The proposed full factorial design replicated twice and 33x2=54 

treatment combinations were performed randomly along with the levels 

of the three factors, which were presented in Table 2. The levels of 

the factors were denoted as low (-1), intermediate (0) and high (1). 

 

Table 2. Factors and their levels 

 Values 

Factor Number of Levels Low (-1) Intermediate (0) High (1) 

Thickness (mm) 3 6.3 6.5 6.7 

Temperature (0C) 3 9 17 25 

Humidity (g/m3) 3 70 80 90 

 

Within the scope of the experiments, compression test results 

were measured and recorded for each of the treatment combination. 

Figure 3 shows the working logic of the Box Compression Test (BCT). In 

the test, pneumatic rods move to compression plates up and down and a 

preset load is applied on the corrugated cardboard box until the first 

deformation on the cardboard box occurs. This determines how the box 

will respond when stacked. Then, the maximum load amount at which the 

deformation is first observed is recorded. 
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Figure 3. Box Compression Test (BCT) 

 

 Table 3 shows the maximum load (kg) results obtained in a box 

compression test with a total of 57 treatments performed randomly, 

depending on the thickness of the box, the temperature and the 

humidity values at different levels. 

 

Table 3. Box Compression Test results of 57 treatments with different 

factor levels   

Humidity  

(g/m3) 
%70 %80 %90 

Template 

(0C) 
9 17 25 9 17 25 9 17 25 

T
h
i
c
k
n
e
s
s
 

(
m
m
)
 

6.3 
288.5 289.5 258 290.1 305.6 239.5 318.4 247 270 

289 284 226.5 314.5 317.5 249 312.8 253 307 

6.5 
250 317 317.5 287.5 320 294 277 307.5 324 

300 322.5 311 288.5 312 292.5 262 300 305.5 

5.7 
267.5 325.6 285 294 346 297 292 326 320 

276 320.5 315 271 348.5 285.6 298 297 355 

 

4. RESULTS AND DISCUSSION 

The obtained results from box compression test were then 

analyzed on Minitab software (version 17, Minitab Inc., State College, 

PA) using ANOVA test. Figure 4 shows the four-in-one residual plot 

(i.e. normal probability plot of residuals, histogram of residuals, 

residuals versus fitted values and residuals versus order of the data) 

for maximum load value that was taken as response. Residuals are used 

in regression and ANOVA analyses to indicate how well our model fits 

the data. Results indicate that the data are linear, random scattered 

and the histogram is symmetric bell-shaped. The residuals versus order 

exhibit no clear pattern. Therefore, it can be said that the data are 

consistent with normality, independence and the assumption of constant 

variance is valid. In light of these, the experimental design is 

acceptable.  

 

Kg
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Figure 4. Residual Plots for maximum loads that were obtained as 

results of BCT 

 

 Figure 5 presents the plots of residuals versus each factor. The 

plots reveal that there is much less scatter in the residuals at the 

intermediate value of humidity and temperature. 

 

 
Figure 5. Residuals versus each factor 

 

In order to see the effects of factors on maximum load value of 

a corrugated cardboard box, main effects plot which is given in Figure 

6 was drawn. It is clearly evident that, higher thickness values have 

positive effect on the strength of corrugated cardboard box. When the 

humidity values are taken into account, it is seen that the increased 

humidity values also increase the strength even if just a bit. On the 

other hand, the strength of the corrugated cardboard box only 

increases when the temperature is 170C.  
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Figure 6. Main effects plot  

 

Figure 7 examines the interactions between factors. If there are 

parallel lines on plot, this means that there is no interaction effect 

between the factors. However, in our experiment, interactions are more 

significant. The strength of the corrugated cardboard box is higher 

when the humidity is 80g/m3 and the thickness values are 6.3mm and 

6.5mm. But, when the thickness is 6.7mm, the corrugated cardboard box 

has a lower strength when humidity is 80g/m3. In addition, when the 

thickness is 6.3mm, the temperature and the strength of the corrugated 

cardboard box inversely affects each other. This means, as the 

temperature increases, the strength of the corrugated cardboard box 

decreases.  Although we do say that the thickness and the humidity 

values have positive effects on the strength of corrugated cardboard 

box according to figure 6, the thickness and humidity interaction plot 

shows a different situation. For the humidity value of 70g/m3, the 

strength of the box decreases when the thickness value changes from 

6.5mm to 6.7mm. Similarly, in Figure 6 we have said that the best 

strength is obtained when the temperature is 17. When we look at the 

interaction between temperature and humidity, for the humidity value 

of 50g/m3 and the strength of the box is higher at 90C and 250C than 

170C. 

 

 
Figure 7. Interaction plot between the factors 
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5. CONCLUSION AND RECOMMENDATIONS 

In logistics sector, the damage of products is usually caused by 

the lack of strength of the boxes in which the transportation 

operation is carried out. The type of cardboard paper, the weight of 

paper, the thickness of cardboard etc. are directly related with the 

strength of the cardboard box. However, there are other indirect 

factors that affect the durability. In this study, it was aimed to 

provide a solution to a Glassware Company operating in Istanbul for 

the costs caused by damage. For this purpose, the factors affecting 

the strength of the corrugated cardboard boxes used for logistics 

operations by company were analyzed by design of experiment (DOE) 

methodology. Firstly, the DOE approach was examined generally, and the 

literature review related to the DOE applications in logistics sectors 

was presented in detail. Then we stated a brief literature regarding 

to packaging and box selection problem and set out some critical 

factors that affect the strength of the box from previous studies. 

Three indirect factors, which are the thickness of the box, the 

temperature and the humidity, then were taken into consideration using 

33 full factorial design approaches. 57 treatments were carried out 

randomly and box compression test results were obtained. According to 

the results, the discussed factors and the interactions of the factors 

were evaluated with the help of Minitab software. The analysis showed 

that when thickness and humidity factors are considered on their own, 

the strength of corrugated cardboard box increases as their value 

increases. On the other hand, the strength of the box only increases 

when the temperature is 170C. For this reason, it is necessary to take 

account of seasonal conditions in the cardboard box production 

process. However, since there is interaction between factors, it is 

difficult to reach definite conclusions. So, the case should be 

studied with detailed analysis and different parameters. 

 

NOTICE  

This study is presented at 05-08 September 2018, 3rd 

International Science Symposium (ISS2018) in Pristina-Kosovo. 

 

     REFERENCES 

[1] Layer, A., Brinke, E.T., Houten, F.V., Kals, H., and Haasis, S., 

(2002). Recent and Future Trends in Cost Estimation. 

International Journal of Computer Integrated Manufacturing, 

15(6), 499-510. 

[2] Kuhn, H. and Sternbeck, M.G., (2013). Integrative Retail 

Logistics: An Exploratory Study. Operations Management Research, 

6(1-2), 2-18. 

[3] Siepermann, C., (2007). Logistics Cost Accounting: Which System 

is Best Suited?. In Proceedings of the 12th International 

Symposium on Logistics (K.S. Pawar, C.S. Lalwani, M. Muffatto. 

ed.), Nottingham University Business School, Nottingham (pp:70-

278). 

[4] Engblom, J., Solakivi, T., Töyli, J., and Ojala, L., (2012). 

Multiple-Method Analysis of Logistics Costs. International 

Journal of Production Economics, 137(1), 29-35.  

[5] Zeng, A.Z. and Rossetti, C., (2003). Developing a Framework for 

Evaluating the Logistics Costs in Global Sourcing Processes: An 

Implementation and Insights. International Journal of Physical 

Distribution & Logistics Management, 33(9), 785-803. 

[6] Weiyi, F. and Luming, Y., (2009). The Discussion of Target Cost 

Method in Logistics Cost Management. ISECS International 

Colloquium on Computing, Communication, Control, and Management, 

537-540. 



 
 

333 

 

Büyüksaatçi Kiriş, S., Samastı, M., and Baray, Ş.A., 

 

Engineering Sciences (NWSAENS), 1A0423, 2018; 13(4): 324-333. 

 

[7] Havenga, J., (2010). Logistics Costs in South Africa–The Case 

for Macroeconomic Measurement. South African Journal of 

Economics, 78(4), 460-476. 

[8] Silva, T.F., Gonçalves, A.T., and Leite, M.S., (2014). Logistics 

Cost Management: Insights on Tools and Operations. International 

Journal of Logistics Systems and Management, 19(3), 329-346. 

[9] Churchill, G.A., (2002). Fundamentals of Experimental Design for 

cDNA Microarrays. Nature Genetics, 490–495. 

[10] Turley, L.W. and Milliman, R.E., (2000). Atmospheric Effects on 
Shopping Behavior: A Review of The Experimental Evidence. 

Journal of Business Research, 49(2), 193-211.  

[11] Wahdame, B., Candusso, D., François, X., Harel, F., Kauffmann, 
J.M., and Coquery, G., (2009). Design of Experiment Techniques 

for Fuel Cell Characterisation and Development. International 

Journal of Hydrogen Energy, 34(2), 967-980. 

[12] Shang, J.S., Li, S., and Tadikamalla, P., (2004). Operational 
Design of a Supply Chain System Using the Taguchi Method, 

Response Surface Methodology, Simulation, and Optimization. 

International Journal of Production Research, 42(18), 3823-3849. 

[13] Biehl, M., Prater, E., and Realff, M.J., (2005). Assessing 
Performance and Uncertainty in Developing Carpet Reverse 

Logistics Systems. Computers & Operations Research, 34(2), 443-

463. 

[14] Manzini, R., Gamberi, M., Persona, A., and Regattieri, A., 
(2007). Design of a Class Based Storage Picker to Product Order 

Picking System. International Journal of Advance Manufacturing 

Technology, 32(7-8), 811–821.  

[15] Curcio, D. and Longo, F., (2009). Inventory and Internal 
Logistics Management as Critical Factors Affecting the Supply 

Chain Performances. International Journal of Simulation and 

Process Modelling, 5(4), 278-288. 

[16] Hussain, M., Drake, P. R., & Myung Lee, D., (2012). Quantifying 
the Impact of a Supply Chain's Design Parameters on the Bullwhip 

Effect Using Simulation and Taguchi Design of Experiments. 

International Journal of Physical Distribution & Logistics 

Management, 42(10), 947-968.  

[17] Cannella, S., Bruccoleri, M., and Framinan, J.M., (2016). 
Closed-Loop Supply Chains: What Reverse Logistics Factors 

Influence Performance?. International Journal of Production 

Economics, 175, 35-49.  

[18] Chackelson, C., Errasti, A., Ciprés, D., and Lahoz, F., (2013). 
Evaluating Order Picking Performance Trade-Offs by Configuring 

Main Operating Strategies in a Retail Distributor: A Design of 

Experiments Approach. International Journal of Production 

Research, 51(20), 6097-6109. 

[19] Van Hung, D., Nakano, Y., Tanaka, F., Hamanaka, D., and Uchino, 
T., (2010). Preserving the Strength of Corrugated Cardboard 

Under High Humidity Condition Using Nano-Sized Mists. Composites 

Science and Technology, 70(14), 2123-2127.  

[20] Carstens, R., (1992). U.S. Patent No. 5,085,367. Washington, DC: 
U.S. Patent and Trademark Office. 

[21] Büyüksaatçı, S., (2015). Bat Algorithm Application for the 
Single Row Facility Layout Problem. In Recent Advances in Swarm 

Intelligence and Evolutionary Computation (pp:101-120). 

Springer, Cham. 

[22] Montgomery, D.C., (2013). Design and Analysis of Experiments, 
8th Edition. JohnWiley & Sons. 

 

 


