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1 Introduction 
 

The introduction that follows is meant to be a short guidance to the problem and shortly, what 

the aim is for this thesis. Limitations will be cleared and a formulation of the purpose will be 

given. 

 

1.1 Background. 
Ikea have large central distribution centres that have an incoming flow of goods that stays in 
the distribution centres all from a day to several weeks. The goods come from all around the 
world and are loaded on the geographic area’s respectively way according to their handling of 
the goods. Because of the different ways the goods is loaded in different parts of the world the 
problem with regional produced and allowed pallets forces the distribution centre to reload 
the pallets to EU-pallets that can be handled in the automatic distribution centres.  
 
With IKEA’s increased sales volume and geographical expansion more and more goods that 
need palletizaton is coming to the distribution centres from overseas destinations. The pallets 
are mainly one way handling materials like paper pallets and loading ledges. 
When the goods comes to distribution centres it is therefore necessary to reload the unit loads 
to wooden pallets and secure the unit load to the wooden pallet in order to store and handle 
the goods in distribution centres or stores. 
 
Today the securing of unit loads to wooden pallets is mostly done manually with PP-straps 
and clips or with reusable straps made of fabrics. At some distribution centres they have an 
automatic strapping machine that straps the pallets in a step moving line. The pallets are 
loaded with forklifts and reloaded with forklifts. The strapping machines are rather expensive 
and space demanding and because of the distance that is in the distribution centres together 
with the flexibility demands makes them to a less interesting alternative and they are therefore 
not wide spread within the IKEA. 
Common for the three alternatives is that the strap is going under the whole wooden pallet 
covering all four sides. 
Ideas have come up to look for a new way of strapping goods from overseas destination that 
needs reloading to wooden pallets with some sort of reusable strap that have the advantage of 
not going under the whole wooden pallet. Or if there was no one found develop the reusable 
strap wished for.  
 
1.2 Problem discussion. 
Today the strap goes around the whole wooden pallet and this gives the advantage of even a 
slacking strap has some sort of bundling effect. With straps on only three sides the problem 
occurs that the strap can never be aloud to slacken whether it is due to transport or problem 
with wet pallets or what ever. The side acting force is another problem when transporting the 
pallets or leaning them as in sea transportation by ferry on a truck. When storing the pallets in 
distribution centre the pallets some times are stored several meters above the floor in pallet 
stand and due to risk for person damage the unit load must be safely secured. 
 
When looking at the economic potential in this issue it has to be some limitations that set the 
parameters that the thesis have to go after or else this thesis can grow bigger than it is able to 
handle. 
In order to see if there is anything existing on the market having the criteria searched for the 
library and internet are the primary sources. 
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1.3 Problem formulation. 
The problem can be formulated in three steps. 
1 What is the economic potential of changing to or develop a reusable strap? 
2 Do there exist anything on the market already or is developing the only way to get what is 

wished for? 
3 If there is to be developed a reusable strap what are the parameters setting dimensions and 

forms on the reusable strap? 
 
1.4 Purpose. 
To investigate the economic potential in the issue given, examine the market for reusable 
straps, develop a reusable strap if nothing appropriate exists on the market. 
 
1.5 Relevance. 
With bigger amount of overseas destination goods that needs to be reloaded and strapped to 
wooden pallets this handling of goods can become a stop in the distributions centres flow of 
goods and cause big cost and time waste for transportation booth within the distribution 
centres and between the distribution centres and stores. It can also cause time delays for the 
container transportation when loading ports are blocked due to the amount of goods that needs 
strapping. 

 

1.6 Limitations. 
Calculations according to economic potential will be done concerning material and time 
around pallet strapping only. Other economic factors can be viewed but not calculated. 
 
1.7 Time schedule. 
In order to get some kind of structure and working order a time schedule (Appendix 1.1) with 
milestones will be written. 
 
1.8 Budget. 
Since IKEA is paying for the instructor’s time and the material that is needed in this thesis a 
simple budget (Appendix 1.2) was written in order to get some sort of awareness of what the 
costs that exists for the company is coming up to. 
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2 Methodology 
 

This is a description of the way I approached the problem and why I selected the approach I 

in the end did.  

 

2.1 Structuring the issue. 
With the all covering investigation that is needed the issue had to be divided in several part 
and each of the parts treated individually. The ground issue is if this has a reasonable payback 
time looking in to the economic aspect of the issue. 
Starting with a market research, that will give the necessary answer to an underlying question. 
Is there already an existing solution that is working and economic defendable? If this is the 
case the research can be ended after the economic calculation, if not the forces has to be 
structured and calculated in order to go further on to construction. 
 
2.2 The Market. 
Investigating the market can be divided in three sections, the internet related, the fact in books 
written in material handling in a wider perspective and magazine written for people that are 
working in this area. The internet related information can be obtained at any time and any 
place but books and magazine is limited to the library and the search engine obtained by the 
library. 
 
2.3 The economic. 
The pure economic when dividing the strapping issue to different part is material and time. 
The cost for PP-strap and time for strapping with these are easy to get hold on. 
The problem lies in the reusable strap, if this already exist there ought to be written data but if 
there is nothing on the market that fulfils the criteria some assumptions about the price has to 
be done and some sort of testing of time consumption is needed. The price can be estimated 
with comparison of equally complex system. The time consumption needs some realistic time 
consuming moving schedule that can be equal to real strapping. In order to get an overview of 
the different pay back times due to the price of reusable strap some sort of diagram has to be 
constructed. 
 
2.4 The force. 
The force that strapping has to stand for is calculated with help of the rules that surrounds the 
handling of pallets and load securing. With the knowledge that a pallet can be put in a stand 
four-five meters up and this indicate risk for life situation if the unit load becomes not secured 
towards the wooden pallet. Due to this a safety factor has to be chosen. 
 
2.5 Generating solution. 
In order to structure the brainstorming and get the best out of the hopefully many different 
ideas a system with morphological charts is to be used. When the ideas are generated the 
importance of different weighting factor is integrated and the important qualities are lifted up. 
From this there will be some different solutions and one or two will be taken forwards to next 
step. 
 
2.6 Setting the dimension. 
The construction that is chosen has to be constructed and dimensioned for the force that gives 
the most severe stress. Fatigue has to be calculated due to transportation that will give altering 
forces. How big these forces can be or how many movements there are due to transport is 
nothing I can calculate so this has to be an assumption. 
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2.7 Sketches. 
 The drawing will be done in a available program and are in the first state intended to be 
illustrating the solutions only. If more time is available and the main issues are solved more 
appropriate drawings can be done. 
 
2.8 The potential. 
The economic potential can be divided in direct and in not direct values. These can be divided 
in there turn to minor component. 
The most direct values have already been mentioned in 2.3, but there will be other effects of 
changing from today’s PP-strapping to reusable strapping. These effects will not be 
investigated but just pointed at in an economic valuation. There is also long term condition 
that will change if reusable strapping becomes reality and these are mostly environmental 
values and are therefore more troublesome to calculate but will be pointed at. 
 
2.9 Limitations. 
Everything has limitations and these constructions will not be an exception from this rule. The 
limitations will be given when working with the other issues. 
 
2.10 Recommendations. 
Here I will be trying to point out areas that can be further investigated in order to eliminate 
the economic uncertainties that remain in both short time and in long time conditions.    
No calculations have been done around these uncertainties. This is due to limitations earlier in 
1.6. 
 
2.11 Product example. 
If there is time left I will make sample of the constructions in plastic (that can be worked with 
wooden machine) and leave these to the instructor together with the diploma work.  
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3 The company 
 

I will try giving a short description of the IKEA Company and the most important history but 

as always when a company of this size is described, if you don’t intend to write a book you 

don’t have a chance to do more than touch the surface.  

 

 

3.1 The early year. 
IKEA was founded in 1943 by Ingvar Kamprad. In the beginning the company sold pens, 
wallets, picture frames, table runners or whatever the founder found a need for and could sell 
for a reduced price. In 1947 the first furniture appears in the product range that IKEA had and 
the response was positive so the expansion continued. 
1951 was an important year for IKEA then the first IKEA catalogue was printed and 
distributed and then Ingvar Kamprad made the decision to discontinue all the other products. 
1955 Ikea begins designing furniture and in 1956 the company begins testing flat packages. 
In 1958 the first IKEA store is inaugurated in Älmhult and the expansion continues. 1963 the 
first store outside of Sweden was opened in Norway, outside of Oslo and 1973 the first store 
outside Scandinavia opened in Switzerland, outside Zurich. 
 
3.2 IKEA after 1980. 
In 1983 the six-thousandth employee joined IKEA. 1985 was the year when IKEA crossed the 
Atlantic and opened a store in USA. The growth is now going faster than ever and 1993 IKEA 
has 114 stores in 25 countries. In the year of 1997 IKEA introduces Children’s IKEA and 
designs the furniture directly for them together with two groups of experts. 
1999 IKEA had 53.000 co-workers all over the world and a global net-work with over 150 
stores in 29 countries. 
 
3.3 Some facts about the IKEA group, year 2005.     

• Sales for the financial year 2005 was 14, 8 billon euros.  
• The IKEA  group had around 84,000 co-workers and business operations in 44 

countries 
• The number of stores own by IKEA was 179 and they were placed in 23 different 

countries/territories. 23 stores in 14 other countries/territories were owned and 
operated by franchisees outside the IKEA group. 

• The product range consisted of about 10,000 products. 
•  There were 1,500 suppliers in 55 countries and all except the Swedwood group 

independent supplier. 
• IKEA has 43 trading service offices in 33 countries. 
• IKEA has 27 distribution centres in 16 countries. 
• IKEA publishes an annual report with the name, Social & environmental 

responsibility, as a part in their social and environmental engagement. 
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3.4 The organization.                               
 

 Figure 1 Organization 

 

IKEA’s founder Ingvar Kamprad has created an owner structure and an organization that 
stands for long-range and independency.    
 
3.5 source. 
1. www.ikea.com/ms/en_GB/about_ikea/timeline/full_story.html 

2. Social & Environmental Responsibility, Report 2004, 

 www.ikea-group.ikea.co./corporate/pdf/brochure.pdf    

3. IKEA, fact and figures, IKEA koncernen 2004/2005                                                                                                                                                                                                                                                                                                                   
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4 Limitations and criteria 

 
In this first study of the problem I was selecting  the criteria’s and put up some limitations for 

the work that was going to follow, there was also some questions that came up during this 

early phase. 

 
 

4.1 Looking at limitations and criteria. 
In order to have some place to start searching for limitations and criteria’s I started to look at 
the basic description of the B.Sc.Thesis. New ways of strapping goods from overseas 
destinations. 
The idea was to find the key sentences that were giving limitations or criteria.  
   
“BACKGROUND 
With IKEA's increased sales volumes and geographical expansion more and more goods are 
coming from overseas destinations on one-way handling materials (paper pallets and loading 
ledges). When storing this goods in Distribution Centres and Stores it is necessary to secure 
the unit load to a wooden pallet, used as platform for storing. 
 
Today this is in mostly done manually with PP-straps and clips or with reusable straps made 
of fabrics. At some distributions centres it is also done automatically, but due to space and 
flexibility demands it is not wide spread within the organization. Common for the three 
alternatives is that the strap is going under the whole wooden pallet. 
 
Ideas have come up to look for a new way of strapping goods from overseas destinations with 
a reusable strap that is not going under the whole wooden pallet. 
 
PURPOSE 
The purpose of this B.Sc.Thesis is to find ways of lowering cost for strapping overseas goods 
coming to IKEA. This shall be done by:  
- Investigate the economical potential in changing strapping from today’s PP-straps to a 
reusable strap that is not going under the whole wooden pallet. 
- Investigate what exists on the market. 
- Develop a new re-usable strap.” 
 
The key sentences in the text above for limitations and criteria’s is listed as follow.  
 

• PP-straps and clips (this gives the minimum requirement for strength and prize). 
• A reusable strap that is not going under the whole wooden pallet (this gives the 

number of sides that is to be strapped and also that it is reusable). 
• Lowering cost for strapping overseas goods (this gives the intention of the work). 
• Changing strapping from today’s PP-straps to a reusable strap that is not going under 

the whole wooden pallet (this is what is wanted). 
• Secure the unit load to a wooden pallet, used as platform for storing. 
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Further more there is a problem with that PP-straps slacks and they don’t fulfil the 
requirement that was set first. This is mostly a problem with hand tighten PP-strapping.  
The pallets are handled from both directions when transported with trucks. 
It is not allowed to do any damage like putting nails, glue or drill hole in the pallet. 
 
 
4.2 Analyzing the text. 
Analyzing the text above and searching for what limitations and criteria’s there is to take 
consideration to I came up with following list. 

• The strap shall not go under the pallet. 
• The material shall be at least as strong as PP-strap concerning breaking point. 
• The strap will not loosen while time passing. 
• The fastening will not affect the pallet so that the pallets lifetime shortens. 
• The strap has an elasticity that keeps the strap tight. 
• The price. 
• The time consumed then using the strap. 
• The solution/s will not be in the way for the forks when handled with trucks. 

 
When it comes to the material that can be considered appropriate for a possible solution, 
criteria’s have to be evaluated and calculated for in an appropriate way taking the necessary 
forces in consideration.   
 
PP-strap has been tested in several ways and as a short summation following is to be said 
about the accessibility with PP-strap  

• High tension, break strength, good stabilization  not enough  
• Shocks absorbs    not enough 
• Tension/holding power   not enough 
 

When it comes to tension PP-strap with a width of 12 mm and a thickness of 0, 65 mm has a 
breaking strength of 2000N 
Concerning residual tension the fact is that, with a strap tension of 1400N the residual tension 
will be 420N. In 6 days time the PP-strap will lose 70 % of the tension. The condition for the 
testing was following temperature 22 degrees C and 50 % air humidity. (Cyklop international) 
 
4.3 Questions that appear. 
In this early state of the thesis there were several simple and for the work basic question that 
has to be asked. 
Some of the answer was given to me during conversation with people [1, 2]* that have been 
working in the distribution centre for several years and was to be considered as very 
experienced staff. One of these persons [1] had been involved in several minor investigations 
during his time as worker and trusted member in the union. 
The discussions with these people gave some important information in the way staff act and 
handle when loading and unloading containers. 
A list of questions was written (appendix 3.1) and a meeting [3, 4] was appointed in order to 
get some answer. (Appendix 3.2) 
 
 
_________________________________________ 
* The numbers refers to persons listed in references 
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5 Market investigations 
 

In order to learn as much as possible about what existed I had to search through library and 

above all the internet, today there isn’t many company that don’t have anything published in 

the internet that belong to the industrialized part of the world. 

 
 
5.1. What exists on the market? 
The purpose of this investigation is to find out what already exist on the market. It is limited 
to different kinds of strapping, both reusable and not reusable. 
 
In this investigation I have been using the internet with the possibility of looking at various 
markets and areas of use. I searched threw the European, Asian and American market using 
different search criteria. I have been searching through the database at the university library 
and the books and magazine that came up at these searches. 
 
The most common material used for strapping today is PP and PE-straps. There is a large 
number of suppliers and manufactures of this concept and the side equipment that is needed.  
There is a large number of supplier that manufacture reusable straps in different concept but 
only a few are intended for use on pallets. There are mainly three types of straps on the 
market that is used commercially.  
 
 

 
Picture 1the using of the giant rubber band is a way of holding together the load without                                                                            
strapping, but this doesn’t secure the load to the pallet. 
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Picture 2 this show the use of reusable straps that are stuck through the wooden pallet and covers all four 
sides of the unit load. 

 
1. The strap [5]* that is used for securing of different types of unit loads goes around the 

whole pallet. The locking device is one with the strap and the strap needs to be stuck 
through the locking device and tighten. The time estimated to fasten two straps is with 
some practice given to under a minute. The price on the US market is given to about 
15 SEK. 

2. Ty-Ups [6] are cords with a fast locking device attached to one end and just the cord 
in the other. It is self locking when the cord is pulled in one direction between two 
bars in the locking device. The cord is going around the whole pallet. 

3. One type of reusable strap [7] is only intended for load securing the movement 
sidewise when unit loads are opened or partly removed and stand still in storage. This 
reusable strap is to be compared with a giant rubber band.[5] 

4. There was also a load security that is called loadhoag. [8] This is a kind of lid with 
built in straps and tightening equipment, the interesting part of the loadhoag is that the 
strapping was only, due to the lid, covering two sides and the fastening towards the 
pallet was a hook like construction.  

 
 
5.2 Result of market investigation. 
Taking into consideration the criteria given in “looking at limitations and criteria” there is no 
existing strapping today that fulfils the criteria that is searched for on the internet based 
company sides. Concerning the books and magazines searched through in Växjö university 
library there was very little written about pallets and strapping pallets. The possibility exist 
that there is an existing strapping that is used locally that fulfils the criteria but this is more a 
hypothetical question. 
The internet links and the books gone through are listed in Bibliography 3.1 under Appendix. 
 
___________________________________________ 
* The number refers to website listed in the references 
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6 Economic calculations 
 

Once the market been investigated and it has been verified that there was no existing reusable 

strap that was what the company looked for, the economic aspect had to be investigated so 

that there was a economic base for further development of the reusable strap. 

 
6.1 PP-straps. 

 
6.1.1 PP-strap costs 
There is an estimated volume from Asia of five million cubic meters goods that needs to be 
strapped and secured onto EU-pallets by hand. A type A pallet from Asia measure  
1*0, 76*1, 20 meter and hold the volume of 0,912 cubic meters. 
If we take the amount of goods and divide with the volume of one pallet we get the number of 
pallet that has to be strapped. 5482500912,05000000 =  Pallets. Each type A and D pallet is 

double strapped and each type B pallet is single strapped. One type A pallet is equal to two 
type B pallets in volume and in strapping concerning material.    
  
One roll of pp-straps contains 1300 meters pp-strap and costs 13,54 €  
The cost for the locking device is 13,12 € per 1000. 
 
6.1.2 Unit load type A and D 
Unit load type A and D, full pallet and long pallet. 
The length of the strapping needed is, then full sized pallets is strapped,  
Length pallet, ( ) mm80001008002115022 =+∗+∗∗   

 
If the length of one roll of strap is divided with the length needed to strap one pallet we get 
the number of pallets that can be strapped with one roll. 

16381300 =  

From this we get that the cost for strapping one pallet is 109,00262,016354,13 =+ € just in 

material. 
 
Being able to reduce the undergoing strap on the pallet would in material lower the cost. 
If the strap length can be reduced to 6,4 meter per pallet and using reusable pallet fastening 
device the costs for pp-strap falls to 0667,020354,132034,61300 =→=  €.  

 
 
6.1.3 Unit load type B 
Unit load type B, half pallet 
The length of the strapping needed is, then full sized pallets are strapped,  
Length pallet, ( )mm40001008000211502 =+∗+∗  

 
If the length of one roll of strap is divided with the length needed to strap one pallet we get 
the number of pallets that can be strapped with one roll. 

32541300 =  

From this we get that the cost for strapping one pallet is 055,00134,032554,13 =+ € just in 

material. 
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6.1.4 Reduce of fourth side 
Being able to reduce the undergoing strap on the pallet would in material lower the cost. 
If the strap length can be reduced to 3, 2 meter per pallet and using reusable pallet fastening 
device the costs for pp-strap falls to 0334,040654,134062,31300 =→= €.  

 
By reducing the strap to three sides there would be a saving in material that for moment being 
is: ( ) %3939,0109,0067,01 →=−   

or in € ( ) 000,23323306139,0109,05482500 →=∗∗ €.  

 
 
 

6.2 Strapping time. 
 

6.2.1 Time for strapping pallets. 
One big part of the costs is the time needed for strapping the pallets. In order to see how big 
the cost is I tried to find some statistic for the time consumption but wasn’t able to find data 
on this. With help of two of the personal [9, 10] at the office I made some direct measurement 
of the time consumption for strapping. One of the personal has earlier been working with this 
and had good knowledge about this kind of work. Furthermore I spoken with personal [1, 2] 
that work at IKEA Distribution centre and they confirm the results as realistic. 
 
Four B pallets were put in a row and the strap band was put in place, to this point I consider 
reusable strap and pp-strap to be equal in time taken. The clock was started and time was 
taken for the strapping. Two straps around each pallet give the time for 8 B pallets. 
The clock stops at 5 minutes and 20 seconds = 320 seconds. 
The time to strap one B pallet is 320/8 = 40 seconds, the time given by personal at the 
warehouse was around 45 seconds. The time for strapping an A pallet can be predicted to the 
double not involving the time for moving pallets. In order to get more exact information 
complementary measurement ought to be done. 
 
6.2.2 Testing, to get hold of time for reusable straps. 
To get an idea about the time consumption when using the reusable strap a simulation was 
needed. Very simple fastening device was made that could be stuck onto the pallet and simple 
band was attached to the fastening device. Four B pallets were put out in a row and the 
reusable straps were put in place according to the trial above. The clock was started and time 
was taken for the strapping according to the above. This test was repeated three times because 
this was an entire new moment and no experience of the strapping existed. The test was taken 
without rush or trying to speed up the moments in intention of getting better time. It is 
recommended that this moment is done again with more appropriate or let’s say well done 
pallet fastening. 
The clock was stopped at three minutes fifteen seconds the first time, there after three minutes 
the second and third time. 
The time to strap one B pallet is 180/8 = 22,5 seconds 
 
Strapping that is done according to the new thinking have a timesaving effect in this moment 
that is: (1-22, 5/40) = 0, 4375, that’s 44% time saved compared to strapping today.  
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6.3 Costs for strapping. 

 
6.3.1 Cost for strapping pallets. 
The cost for strapping a pallet is depending on material cost, time for strapping and the cost 
around and after the removal of the strapping. The intention for now is to look at material and 
time costs. Depending on the cost per worked hour [4] the cost is different for different areas. 
If we look at IKEA globally and calculate with a salary of 25 € (2006-04-15). 
The cost per pallet can be calculated with a simple formula for both reusable and non reusable 
straps. Time strapping a pallet *cost second + material / cycles in use = cost pallet. 
The cost for A and D pallets is 2*B pallet with no consideration taken to previous saving 
concerning worked time. 
Assumption for this calculation is, the cost for reusable straps is 1,6 € a piece and the time for 
one cycle is 10 weeks. 
The calculation for break even has another factor to take in consideration and that is the fact 
that the PP-strap that is used for one pallet can not be used again and therefore this cost 
accumulate with a cost that depends on the number of cycle the reusable straps gone threw.  
 
 
 
6.3.2 Cost for PP-straps 
The cost for non reusable strap for IKEA globally for B pallet.  

( ) ( ) 333,01055,036002540 =∗+∗ €. 

 
The cost for non reusable strap for IKEA globally for A, D pallets. 

( ) ( ) 666,01109,036002580 =∗+∗ €. 

 
The cost for reusable strap for IKEA globally for B pallet in one year. 

( ) ( ) 465,02,56,13600255,22 =+∗ €. 

 
The cost for reusable strap for IKEA globally for A and D pallet in one year. 

( ) 929,0)2,5/6,1(236002545 =∗+∗ €. 

 
 
6.3.3 Time needed for breakeven. 
Time needed for break even for A, B and D pallets for IKEA globally with no consideration 
taken to previous saving concerning worked time. 

( ) ( ) ( ) ( ) 41,46,13600255,22055,036002540 =→+∗=∗+∗ XXX cycles, 

about 44 weeks. 
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If the cost for reusable straps is 1 € a piece the cost will be lower and the break even time will 
be shorter. 
 
The cost for reusable strap for IKEA globally for B pallet in one year. 

( ) ( ) 35,02,513600255,22 =+∗ €. 

 
The cost for reusable strap for IKEA globally for A and D pallet in one year. 

( ) ( ) 7,02,51236002545 =∗+∗ €. 

 
Time needed for break even for A, B and D pallets for IKEA globally with no consideration 
taken to previous saving concerning worked time. 
 

( ) ( ) ( ) ( ) 3,313600255,22055,036002540 =→+∗=∗+∗ XXX cycles, 

about 33 weeks 
 
 
 
 
6.3.4 Cost for reusable straps in two year. 
If we look at IKEA globally and the time period of two years with a cycle time of 10,4 weeks 
with no consideration taken to previous saving concerning worked time. 
 
1, the price for the reusable straps is 1,6 €. 
2, the price for the reusable straps is 1 €. 
 
1 The cost for reusable strap for IKEA globally for one B pallet in two year. 

( ) ( ) 31,04,106,13600255,22 =+∗ €. 

 
1 The cost for reusable strap for IKEA globally for one A and D pallet in two year. 

( ) ( ) 62,04,106,1236002545 =∗+∗ €. 

 
2 The cost for reusable strap for IKEA globally for one B pallet in two year. 

( ) ( ) 25,04,1013600255,22 =+∗ €. 

 
 
2 The cost for reusable strap for IKEA globally for one A and D pallet in two year. 

( ) ( ) 5,04,101236002545 =∗+∗ €. 

   
The costs for pp-straps in comparison with reusable straps for this specific pallet. This means 
that the cost for all PP-strap band that is equal to the reusable strap during this period is put 
together. 
 
The cost for pp-straps for IKEA globally for one B pallet in two year. 

( ) ( ) 85,04,10055,036002540 =∗+∗ €. 

 
The cost for pp-straps for IKEA globally for one A or D pallet in two year. 

( ) ( ) 7,14,10109,036002580 =∗+∗ €. 
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6.4 Diagram. 
 

These diagrams is directly related to the calculations in 6.3 

 
6.4.1 Diagram for B pallet, IKEA globally. 
 

 
Figure 2 the colour in the formula is connected to the colour in the diagram, in this diagram the pay per 
hour is 25 €, IKEA globally.  

This diagram (figure 2) shows the costs for strapping B pallets with reusable straps for IKEA 
globally for different prices on the reusable straps (1, 1.6, 2, 2.5 €) and shall be compared 
with PP-strapping (the linear function)  
There the cost is (0,277+ (0,055*cycle for none reusable strap)) € per pallet. 
This diagram shows the cost for this specific pallet in the cycle alone concerning material. 
 

 
Picture 3 this picture shows the last built Distribution centre in Älmhult.  
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Picture 4 PP-strapping with the locking. 

 
 

 
Picture 5 PET-strapping that is machine strapped and heated together Instead of using a locking.  

 
 
 



Växjö University, School of Technology and Design 
PID, MTC990 Diplomawork 2006, Tomas Björk 

 25 

         
Picture 6 inside one of the distribution centres located in Älmhult.  

 
 

  
Picture 7 Goods from Asia come with many different types of feet. Often the feet are made of     
corrugated cardboard  
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6.4.2 Total cost per cycle diagram, IKEA globally 
 

 
Figure 2the colour in the formula is connected to the colour in the diagram, in this diagram the pay per 
hour is 25 €, IKEA globally.  

 

This diagram (figure 3) shows the cost including working cost per pallet for different prices 
on the reusable straps (1, 1.6, 2, 2.5 €) for IKEA globally. The break even time is different 
because the diagram show when the specific pallet have the same cost as the none reusable 
strapping accumulating the cost for strap has. The PP-straps is the linear function. 
 

 
Picture 8 Another type of corrugated cardboard.  
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Picture 9 the need of securing the unit loads to wooden pallet becomes obvious knowing that  

this pallet might be stored 5 meters up in a pallet stand. 
 

  
Picture 10 An example of plastic one way feet. 
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6.4.3 Total cost per cycle diagram including straight economic, IKEA globally.  
 

 
 

Figure 3 The colour in the formula is connected to the colour in the diagram, in this diagram the pay per 
hour is 25 €, IKEA globally.   

 
The four lines (figure 4) that start at 1, 1.6, 2 and 2.5 shows the costs as working costs only 
with a starting fee added that is the cost for fastening device. This clearly shows that the 
savings per pallet in work is an important factor to take consideration to in a longer 
perspective. Depending on the way the cost per pallet is looked at, the payback time becomes 
different.   
The four lines that goes down first and then up again shows the cost per pallet when dividing 
the starting cost for the reusable strapping to the cycles that the reusable strapping gone 
trough.  
The blue line that starts at zero shows working cost and accumulated cost for PP-straps and 
locking. To see the cost per year the number of cycle per year is needed. This gives the 
diagram a flexibility that allows the same diagram to be used for different length of the cycle. 
 
The diagram shows for B-pallet only but knowing that two B-pallet is equal to one A or  
D-pallet makes it easy to get the correct value for A and D-pallets out of the diagram 
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Picture 11 Units loads are secured in different ways, among other there is wrapping  

plastic around the unit load and secure it to the wooden pallet. 

 

 
Picture 12 The forks on the forklift are long enough to take 
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 two pallet sidewise, sticking trough the pallet. 
 

 
7 Force calculations due to friction 

 
In order to be able to calculate dimension and to have the proper safety factor on the strap 

and fastening device I need to know how much is the strap pressing when it really matters and 

what happens in worst case scenario. 

 
  

7.1 What forces will act when the pallet are tilted. 
Ikea of Sweden gives a specification of requirements concerning different fixation methods 
because it is impossible to state which method is the best one for securing unit loads. One of 
the methods is strapping, it always depends on e.g. the shape of the goods and the weight of 
the goods how fixation shall be done. But it is important that the fixation meets all 
requirements specified. “Any fixation method that’s means changing the shape & form of the 
standard pallet is not allowed and will be claimed (using nails, adding wood element, glue, 
etc.)”[11] 
The pallet shall be able to tilt 27 ° without any movement of the unit load and this is a simple 
way of testing the friction force, the definition is: “The fixation of the unit load shall be done 
in such a way that the friction coefficient is equal to µ= 0,5 without any changing of the unit 
load. The friction shall apply to both on the short and the long side of the unit load.”[11] 
Looking at the forces that acts on the pallets that is tilted gives an insight in what forces the 
unit loads exerts on the reusable strap and its fastening component.   
 
7.2 Calculation of the three forces 
The BO and BL pallet from Asia have a weight of maximum 338 kg   
The normal force is: NmgFn 4,295481,933827cos,cos =∗∗→∗= α  

The side acting force is: NmgFs 3,150581,933827sin,sin =∗∗→∗= α  

The friction force is: NmgFf 2,147781,933827cos5,0,cos =∗∗∗→∗∗= αµ  

 
The AO and AL pallet from Asia have a weight of maximum 677 kg   
The normal force is: NmgFn 5,591781,967727cos,cos =∗∗→∗= α  

The side acting force is: NmgFs 1,301581,967727sin,sin =∗∗→∗= α  

The friction force is: NmgFf 8,295881,967727cos5,0,cos =∗∗∗→∗∗= αµ  

 
The DO and DL pallet from Asia have a weight of maximum 713 kg   
The normal force is: NmgFn 2,623281,971327cos,cos =∗∗→∗= α  

The side acting force is: NmgFs 5,317581,971327sin,sin =∗∗→∗= α  

The friction force is: NmgFf 1,311681,971327cos5,0,cos =∗∗∗→∗∗= αµ  

 
This gives us that if the pallet tilt 27 degrees, the force acting on the straps sidewise is for the:  
BO and BL pallets, N1,282,14773,1505 =−  

AO and AL pallets, N3,568,29581,3015 =− divided on two straps N15,2823,56 = . 

DO and DL pallets, N4,591,31165,3175 =− divided on two straps 7,2924,59 = . 
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7.3 Strap pressure 
This gives the simple conclusion that 98 % of the weight is to be held by the friction force and 
2 % of the weight is to be held by the straps then the pallet is tilted 27 degrees, The tightening 
pressure concerning the automatic strapping machine is set to about 1100 N. 
The tightening pressure then strapping a pallet by hand is about 300-350 N.  
If taken in consideration that pp-band is having a loss of tension of about 70 % when the force 
tighten with is 1400 N and making the assumption that this is a linear condition, this gives: 
 %1567,4%7067,43001400 =→=  

N25585,0300 =∗ , this is the force that is exerted by the strap on the unit load down on the 

pallet.  
 
The conclusions from these facts are that 84 % of the friction force is gravitational.  
The material that the feet is made of it’s mostly corrugated cardboard but is sometimes PP-
plastic or particle board, the numbers given is 95% corrugated cardboard and the rest is 
equally divided between PP-plastic and particle board. The friction coefficient in these 
materials towards wood must be at least 0, 42 (0, 5*0,84).  
 
7.4 Worst case and safety factor 
Let’s say that a worst case scenario appears and the friction between the pallet and the unit 
load is minimal, for wood on wood the friction coefficient is between µ = 6,03,0 − . 

If the friction is as low as 0,2, the force exerted on the pallets straps for the B pallet is. 
   
The normal force is: NmgFn 4,295481,933827cos,cos =∗∗→∗= α  

The side acting force is: NmgFs 3,150581,933827sin,sin =∗∗→∗= α  

The friction force is: NmgFf 9,59081,933827cos2,0,cos =∗∗∗→∗∗= αµ  

 
This means that the strap must provide with a force of N4,9149,5903,1505 =−  to the normal 

force acting on the pallet. With a safety factor of two, the force that the straps need to stand 
for is N18289142 =∗  
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8 Generating ideas 
 

This becomes a mixture of brainstorming with whatever ideas that comes up and logical 

thinking using tools as morphological chart and evaluation with weighting factors. 

The way of structuring to se what possible solutions there are and picking together concepts 

is a very quick and timesaving way to generate solutions. 

 

8.1 The concepts. 
 

8.1.1 Generating ideas, using morphological chart. 
After the prefatory investigation of the economic circumstances and making the market 
analysis, the phase of generating ideas was started. The best way to have a brainstorming is to 
sit together and just throw out ideas in the open without consideration taken to if it is a good 
or a bad idea that was generated. After the opening minutes it usually starts to come both 
good and bad ideas. After the brainstorming the generated ideas are put down in a 
morphological chart and concepts are picked together from different views and thinking. 
[J.Blechscmidt 2005] 
The fundamental idea of this technique is to put the ideas in some sort of order to simplify the 
generating of different solutions. 
After a possible second brainstorming the evaluation phase is started. The ideas in the 
morphological chart are weighted and given points between 0-4 depending on how good the 
ideas are or how realistic they are. 
Whenever the evaluation criteria are of different importance to the overall value of a solution 
a weighting factor should be taken into consideration. Different criteria get points and 
depending on how important the criteria are the higher point the criteria get. This value scale 
goes from 1-3. 
Come this far the concept are picked together, at least 5-6 concept is wished for the evaluation 
phase. It is possible that it comes out several solutions with almost the same value and some 
practical testes must be done before the last decision take place. 
 
A checklist that can be followed are put down by, 
Prof. Dr.-Ing. J. Blechschmidt- Department of mechanical engineering. Växjö university,  
CO/ Lübeck, Germany 
 

1. Define the goal and objectives, put down evaluation criteria. 
2. Meaning of criteria, is a weighting factor necessary? 
3. Scale: what is an ideal variant/solution? 
4. Separate technical and economic evaluation? 
5. Calculation of overall values. 
6. Weakness analysis and estimation of uncertainties. 
7. Processing the result for a presentation. 
8. Prepare a discussion of the result with the management if necessary. 

 
The first evaluation phase was done by evaluating the different characteristics in the 
morphological chart (Fig 8, 9) and giving them points after the two criteria given above. 
After this had been done a number of concepts were picked together varying the ingoing 
characteristics in order to get different solutions for the concept. 
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8.1.2 Explanation to points given. 
 
 
Fastening 
 

1. fasten to both sides, movement equal, 
- 4 

2. must be kept in place while fasten, - 2 
3. fasten both side, from above, 

movement not equal, - 3 
4. fasten both side,  from underneath, 

movement not equal, - 3 
5. fasten both side, simple movement, - 

4 
 

Locking to pallet 
 

1. locking movement equal, - 4 
2. locking movement above, small 

pending, - 3 
3. locking movement above, pending 

take space, - 2 
4. locking movement above, pending 

take space, - 2 
5. locking movement straight up, - 4 
6. locking movement complex, - 1 
7. locking movement complex, take 

space, - 0 
 

Locking strap 
 

1. big, complex, - 1 
2. complex – 3 
3. simple - 4 
4. complex - 3 
5. simple - 4 
6. complex - 3 

 

Toothing pall-lock/strap-lock 
 

1. good grip against moving direction, - 
4 

2. rounded grip, not so good grip - 3 
3. good grip against moving both 

direction, - 4 
4. complex - 1 
5. good grip, not so sharp edge - 3 
6. none grip - 1 
7. complex, good grip - 2 

 
Strap 
 

1. very small  elasticity, - 4 
2. small elasticity, - 4 
3. rather large elasticity, - 2 
4. none elasticity, - 1 
5. none elasticity + small elasticity - 4 

 

Locking to pallet, complementary 
 

1. hook around board, space - 2 
2. bend around corner of board - 3 
3. big, must be pushed up - 2 
4. lays around feet, locked - 3 
5. simple, - 4 
6. must be held in place, - 2 
7. hook around feet, big, - 2 

 

 
Table 1 The different points and their belonging get clearer when the table frames the different areas. 
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Characteristic 

 
 

Variant 
Nr 1 

Variant 
Nr 2 

Variant 
Nr 3 

Variant 
Nr 4 

Variant 
Nr 5 

Variant 
Nr 6 

Variant 
Nr 7 

Fastening 
 
 

4 2 3 3 4   

Locking to 
pallet 

 

4 3 2 2 4 1 0 

Locking 
 

Strap 

1 3 4 3 4 3  

Toothing 
pall-lock 
strap-lock 

4 3 4 3 4 3  

Strap 
 
 

4 4 2 1 4   

complement 
locking to 

pallet 

2 3 2 3 4 2 2 

Table 2 Ranking the characteristic, Putting the number down in a table gives a better overview of the 
ranking given 
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Characteristic 

 
 

concept 
Nr 1 

concept 
Nr 2 

concept 
Nr 3 

concept 
Nr 4 

concept 
Nr 5 

concept 
Nr 6 

concept 
Nr 7 

Fastening 
 
 

5 2 5 1 5 - - 

Locking to 
pallet 

 

5 - 5 1 5 - - 

Locking 
 

Strap 

5 5 3 3 6 5 5 

Toothing 
 pall-lock  

 

3 1 1 1 3 3 3 

Strap 
 
 

1 1 2 1 1 2 2 

complement 
locking to 

pallet 

- - - - - 2 5 
 

 
Toothing 
Strap-lock 

 

2 2 3 2 2 3 3 

Table 3, picking together the concept. With the help of morphological chart and the ranking given this is 
an indirect way to show the many options that there can be in the end. 

 
 
 
 
 
 

8.2 morphological chart. 
 

The way of putting the ideas in pictures and structure them is a valuable help picking together 

concepts  

 

8.2.1 Morphological chart, table 
By just taking the numbers given in table 2 and drawing a line between the different squares, 
the idea of the concept become more obvious then something is connecting between the 
different parts of the concept. Several copies are printed and these are used to draw at and 
making notes in the fields if necessary but the intention is that the pictures should be so clear 
and self explaining that notes won’t be necessary.   
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Figure 4 Morphological chart, upper part, in real the square measure 40 times 40 mm and gives a better 
picture than  showed here.  
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Figure 5 Morphological chart, lower part 

 
 
The lower part fig 6 “locking to pallet” will when used replace the two first rows in upper part 
fig 5. They can not be used at the same time due to different approach to the same problem. 
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8.3 Evaluation criteria and evaluation. 
 

This is something that is very difficult to do when you are all alone, it is so easy to pick in 

favourites and not being so open minded as you should be. Like Marianne Gille use to say 

“you have to be ready to kill your darlings” so true but so hard to do. 

 
8.3.1 Identifying evaluation criteria and making evaluation 
When the evaluation criteria are of different value to the solution a weighting factor should be 
taken in consideration. This is done to sort out the differences between the criteria so that the 
criteria that are of importance is taken in consideration and not letting the factors that don’t 
have so much to do with the essence of the concept take over the solution. 
Calculating in this way gives a theoretical possibility to achieve the rating of 100 % but to be 
acceptable in further evaluation and development the concept must at least gain more than  
70 % rating. 
 
In this phase of the evaluation it is of great importance to be neutral to the assignment and 
evaluate the concept with an open mind and in worst case even “kill your darlings”. The 
evaluation have some uncertainties that is influencing the procedure and that may have some 
influence to the result. 
 
 A list that is pointing out the worst sources for an uncertain evaluation is written by,  
Prof. Dr.-Ing. J. Blechschmidt- Department of mechanical engineering, Växjö university,  
CO/ Lübeck, Germany 
 
Estimating evaluation uncertainties. 

• Influence of one person 
→  Assessment is best done in a team 

• Criteria is chosen concerning to a favourite variant 
→  Assessment is best done in a team 

• Pronounced interdependence of the evaluation criteria 
Check of interdependence between criteria 

• Incompleteness of evaluation criteria 
→  Use checklist 

• Weighting factors too high 
Correct distorted result 

• Prognostic uncertainty 
→  Secure the result by testing procedures with mock-ups or test beds and correct the 
assessment afterwards 
→  Assessment is best done in a team 

  
Looking at the evaluation uncertainties given above there is a pronounced influence all the 
way concerning the problem with one person aspect.  
In the state of mind it is of great importance to be open to all solutions and have a good deal 
of self criticism, seeing if the evaluation is based on personal favourites or coarse data. 
 
Given points to the different characteristics, weighting of importance, is given with 
consideration taken to some basic weighting factors such as space taken, complexity, wear, 
the importance to the central issue. 
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• Fastening, affect the final solution, both in space and over all construction – 2 
• Locking to pallet, high importance on space and over all construction – 3 
• Locking strap, the space needed but not of importance to the central issue – 1 
• Toothing, of importance concerning wear but minor to the construction – 1 
• Strap, of importance in aspect of safety  and holding down the unit load – 3 
• Locking to pallet complement, high importance on space and over all construction – 3 

 
 
 

Weight- 
ing  

Charac- 
teristic 

Weigth- 
ing 

factor 

Concept- 
points 
Nr1* 
factor 

Concept- 
points 
Nr2* 
factor 

Concept- 
points 
Nr3* 
factor 

Concept- 
points 
Nr4* 
factor 

Concept- 
points 
Nr5* 
factor 

Concept- 
points 
Nr6* 
factor 

Concept- 
points 
Nr7* 
factor 

Fastening 
 
 

2 842 =∗  422 =∗  842 =∗  842 =∗  842 =∗  - - 

Locking to 
pallet 

 

3 1243 =∗  - 1243 =∗  1243 =∗  1243 =∗  - - 

Locking 
Strap 

 

1 441 =∗  441 =∗  441 =∗  441 =∗  331 =∗  441 =∗  441 =∗  

Toothing 
Pall-lock 

 

1 441 =∗  441 =∗  441 =∗  441 =∗  441 =∗  441 =∗  441 =∗  

Strap 
 
 

3 1243 =∗  1243 =∗  1243 =∗  1243 =∗  1243 =∗  1243 =∗

 
1243 =∗  

Complement 
Locking  
to pallet 

3 - - - - - 933 =∗  1243 =∗  

Tooothing  
Strap-lock 

 

1 331 =∗  331 =∗  441 =∗  331 =∗  331 =∗  441 =∗  441 =∗  

Summation  43 27 44 43 42 33 36 
 

 
100 % 
given 
points 

 44 32 44 44 44 36 36 

Percent 
of most 
possible 

 97,7% 84,4% 100% 97,7% 95,5% 91,7% 100% 

Comments 
Keep only 
Over 95% 

 keep  Keep 
First 

option 

keep keep  Keep 
First 

option 

Table 4  evaluating the concept. 
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8.3.2 Evaluation points gathered 
This evaluation has given two first option choices that is of different character and that can be 
taken further to tests and evaluation in other ways, using for example economic and handling 
criteria’s. 
When looking at the high rating of the different concept I would say that there maybe has 
been some influence of favouring due to the one person characteristic point setting, but since 
there is two concept that are very different that is equal in percent I would say that this 
evaluation worked in the way it was supposed even if the percent exceeded in order to keep 
the concept been raised to 95 %. 
 
 

8.4 What material? 
 

This is never easy and it often happen that this goes more by habit than it ought to do but 

taken several different factors in consideration there was a choice that has to be done. 

 
8.4.1 Materials chosen 
The materials are chosen with consideration taken to both inner and outer factors. Due to 
construction a good deflection is wanted that allows the material to bend without plasticity 
occurs, the material should not corrode so that the function deteriorate or malfunction. The 
strength is important because the size is a factor to take in consideration. The weight of the 
fastening device due to the amount handled. The temperature is a factor. The amount 
manufactured due to costs for manufacturing. The fastening device is to be constructed with 
the possibility that extrusion is used as a manufacturing process. 
 
The environmental factors are also of importance, recycling, energy consumed making new 
raw material of the recycled material. The possibility to regain all the material once consumed 
manufacturing the device.  
 
The choice fell on aluminium EN-AW 6005A, also named according to SS-standard, 
SS-AW-6005A 
 
The strap is chosen from manufactures list but is better developed when actually testing is 
done. 
 
A 25 mm strap with webbing made of PP that was guaranteed a lashing strength of 250 Kg 
was tested by pull to breaking. Five pull tests were done and the average was nearly 370 kg 
when breaking occurred. 
This gives a safety factor of  1,5, with the same safety factor on the 20 mm straps they will 
stand for 300 Kg as braking strength¹  
 
 
 
 
 
___________________________________________________________________________ 
¹ The strength values come from testing done by PER-Arne Norman 2006-02-14, Arno-straps. 
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Figure 6 Strength, S versus modulus, E (Juvinall Marshek 2000) 

 

The modulus E was one important factor choosing material, aluminium lies around 70 GPa 
and the yield strength is acceptable. The wish for a material that allowed a bending that 
wasn’t to “strength taking” when strapping and that could give a full surface contact  already 
at 300-350 N but still was able to withstand the full strength of 1828 N without any problem.  
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Figure 7 Strength S versus Density ρ (Juvinall Marshek 2000) 

 
 

The weight for aluminium is about 35 percent of the steel weight. Normally the material 
weight ends up at 50 % of steel weight when dimension concerning strength is done. If one 
person strapped an amount of 400 pallets a day, the weight difference of lets say 200 gram 
become 80 Kg a day. 
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Figure 8 Strength at temperature T(S) versus Temperature (Juvinall Marshek 2000) 

 
 

When it comes to the temperature aluminium has very good qualities and become even 
stronger at low temperatures. This means that the material don’t become brittle like many 
other material. This normally doesn’t have any importance but can be considered as a bonus 
when the temperatures go down to minus 30° in the north of Scandinavia. 
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9 Calculating for the dimension 
 

Here the calculations aim to get proportions right and se to that the weakest spot is revealed 

and dimensioned for proper life length with consideration taken to transportations. 

 

9.1 Taking in consideration. 
 
9.1.1 Dimensions. 
In order to get the dimensions right on the fastening device, the weakest point must be 
located. Then the forces and the line of action and direction must be determined. 
The force applied is worst case, mean value rounded, F = 2000 N. The alternating force is 
unknown but an assumption can be made that the force is to be estimated to plus minus 
F = 500 N.  
 
9.1.2 Analyzing 
Starting with looking at the fastening device that is numbered concept 3. This concept is made 
of two separated parts and there one part slides threw the other. Beginning with the part there 
the strap is attached and secondary looking at the part that fasten around the pallet. 
The force that is applied on the fastening device is going around the unit load and gives the 
direction in accordance to the unit load shape and size. The force that acts parallel with the 
fastening device is not depending on the angle due to design. If the strap is laid slightly out of 
this parallel track a small bending and twisting arise. This goes down to the part that is 
inserted around the wooden board on the EU pallet. Further down on the fastening device 
there is shear and angular deflection and at the end under the board there is pure pressure. 
Concerning the part that is inserted around the pallet board there is due to design angular 
deflection at the upper part and pressure at the end. Beneath the board there will be very little 
force. 
 
Two, looking at the fastening device that is numbered concept 7.  This concept consists of one 
part only and uses the simplicity of twisting around a point. The forces that have to be taken 
in consideration in this device are shear because of the strap fastening. Bending due to the 
angular force that is applied and pressure because the strap is applying a force that want to 
twist the device in a place there it is limited space to go around. 
 
One thing that has to be considered is if the pallet after the unit load is secured is put in 
storing or if the pallet is transported. If the pallet is put in some kind of storing and not moved 
around the force become static but if the pallet is loaded on a transportation device of some 
sort, the force is no longer static, due to movement it becomes dynamic. Any transportation 
means movement and vibrations, shaking and knocking. This can be done in scale that is 
visible and it can be done in a scale that can not be seen by looking at the pallet. The 
conclusion of this is that fatigue has to be considered. It is impossible at this state to say if the 
fatigue is to be calculated for ten thousand or one million movement within the materials safe 
area. 
To be certain of that fatigue isn’t the weak point the decision is to calculate with one million 
movements. 
 
 
 



Växjö University, School of Technology and Design 
PID, MTC990 Diplomawork 2006, Tomas Björk 

 45 

 
The strength of strap and locking device on strap is given by the manufacturer of the unit and 
is there fore not calculated here. The length of the strap on the fastening device is 2 times 
allowed height plus length of an A-pallet. mm3500120011502 =+∗  
The fastening device is not intended to be separated from each other and the strap locking 
shall be made in a way that prevents the dividing of the two units.  
 
 
 

 
 
 

9.2 Calculating the dimensions. 
 
 

9.2.1 Data for calculation concept 3 
Material data for EN-AW-6005A 
Ultimate strength, 270 MPa 
Yield strength, 225 MPa 
Modulus of elasticity E, 72 GPa 
Modulus of rigidity G, 27 GPa 
 
Concept number 3 
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   *Figure 10 
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*shown on next page 
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Figure 9 Concept 3 part 1 and 2  
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9.2.2 Data for fatigue calculation 
S´n = 0, 4 for aluminium according to fig 21 (Appendix 9.2) In Fundamentals of machine 
component design, 
Author Robert C. Juvinall / Kurt M. Marshek 
Cs is assumed to 0, 8 due to lack of proper value, based on fig 20 (Appendix 9.2) 
CR is 0,897 (fig 20) because the wish of 90% reliability due to the lack of data when Cs was 
valued. 
Fig 19 (Appendix 9.1); CrCsCgClnSSn ∗∗∗∗= ´  

 

σ Bending; 66 105,77897,08,01110270 ∗=∗∗∗∗∗→Sn MPa 

σ Axial; 66 1075,69897,08,09,0110270 ∗=∗∗∗∗∗→Sn MPa 

 
 

 
Figure 10 Fatigue-diagram for EN-AW 6005A, the upper horizontal line show fatigue for bending force 
and the lower horizontal line show fatigue for axial force. 

 
In order to calculate the necessary width, the area needed to avoid fatigue must be calculated. 
The thickness is partly depending on construction and is set to 4 mm for concept number 3. 
For concept number 7 the thickness is calculated after what stress the biggest stress factor 
obtains. 
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9.2.3 Calculation 
Fig 22 (Appendix 9.3) 

Axial tensile stress:               
σ

σ
P

A
A

P
=⇒= 0

0

 

mmbb

t

A
bbtA

mAA

700695,0
004,0

1078,2

1078,2
1066

1828

5

0
0

2
5

060

≈=⇒
∗

=

=⇒∗=

∗=⇒
∗

=

−

−

 

 
This gives a width of 27mm (1) due to the strap that need 20mm for the fastening of strap to 
the pallet fastening. This also gives the minimum height due to shear at the connecting with 
strap (2). 
 
 
 
 
 
 
Calculation of the angle, both with maximum strapping force and with the assumed hand 
drawn force (3).                                                                                                                                                                                                                                                                                                                                                       
 
 

                                
EI

PL

2

2

=θ  

                                                              

                                o5,37655,0
10975,610722

06,01828
119

2

≈=⇒
∗∗∗∗

∗
=

−
RadMAX θθ  

 

o2,7125,0
10975,610722

06,0350
119

2

≈=⇒
∗∗∗∗

∗
=

−
Radθθ  

 
 
If the angle is set to 7, 2 degrees and the force exceed 350N the whole lower inner area of the 
fastening lies against the wooden board that the fastening device is put around and the force is 
spreading over the whole area. 
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Calculation of the force (4) and stress (3) at under lying contact point due to angle. 
Calculation is done with the width of 27 mm instead of 31 mm because the short distance 
towards the machined part of the sliding area. 
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Calculation of the maximum Stress (3) at under lying contact due to moment, force is seen as 
a spread load. 
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Calculation of maximum shear stress (3). 
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Calculation of the force (5) and stress (6) due to angle that is on the upper part of the 
fastening device and exerts the holding pressure sidewise towards the pallet.  
 
 
               

                                    
2
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The stress is 10 percent over the calculated fatigue limitation but with a safety factor that is 2 
this will be regarded as satisfactory when the construction is having a reliability of 90 percent 
included.  
 
 
 
 
 
9.2.4 Data for calculation concept 7 
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Figure 11 Concept 7, part 1 
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9.2.5 Calculation concept 7 
 
Calculation of the minimum width (7) required.                

                                             
a

a
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This gives a width of minimum 23, 1 mm due to the strap that need 20 mm for the fastening 
of strap to the pallet fastening. This also gives the minimum height due to shear at (8). 
 
 
Because of the fact that the construction is slender the wrecking risk has to be calculated. 
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The maximum deflection has to be calculated to see if the length is enough.  
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The Moment arm between end and fastening of strap, assumption that angle will not exceed 
10 degrees; this value is obtained by measuring on full-scale sketch. Calculation of stress (9). 
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9.3 Sketches. 

Once the dimension was given this became the easy part with the morphological chart as help 

with the concept and function. 

 
 
9.3.1 Preliminary sketches (Figures 13-18) of Reusable strap concept 3 and 7 
The preliminary ideas of how the reusable strapping will look like, the dimensions are giving 
the limitations of the different measures. Preliminary drawings was done (Appendix 9.4-9.7) 

 

 
Figure 12 Concept number 3, straps is only shown symbolic 
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            Figure 13 Concept 3, part 1 and 2 

 
Figure 14 Concept number 7, straps is only shown symbolic 

 

 

                         Figure 15 Concept 7 part 1
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Figure 16 Concept number 3 applied at pallet but not tighten, the strap handle gives a good grip when 
tightening. 

 
 
 

 

Figure 17 The more force applied to tighten the strap the harder the strapping device sits.
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10 Looking at the economic part. 
 

This is interesting to watch, the circles after the stone that is thrown in the water grows 

bigger and bigger but the also become lower in intensity over the distance. The same thing 

happens if something is replaced and new condition is established. 

 

10.1 Economic potential. 
 
10.1.1 What is the Economic Potential?  
Estimating the full potential in changing from today’s system with PP-straps to a reusable 
strap involves some assumption of things that needs further investigation but that is possible 
to make qualified guesses about. Some of the costs are changed towards other. One way to see 
what is possible to estimate and what needs further evaluation before anything can be 
established as certain is to make a list and evaluate the list, getting the problem chopped up in 
smaller pieces.   
 
 

• Time saved strapping 
• The material cost per pallet looking at the number of cycle  
• The handling of  waste and the time consumption due to this 
• The logistic around the reusable straps 
• The cost recycling 
• The handling in store 
• The handling of reusable straps between take off and reusing 
• More or less damage of unit loads due to strapping 
• Can strapping be handled in other ways than today 
• The elimination of  a problem with slacking of PP-strap 
• More or less health related problems due to handling 
• The environmental profit 

 
 
 

When evaluating the list I use terms of saving, cost, profit and both way. The meaning of this 
is shortly described below.   
 
Saving- the cost becomes lower than before. 
Cost- the cost is something that has to be done and didn’t exist before. 
Profit- there is some sort of benefit that comes out of the use of reusable straps. 
Both way- it is impossible to say if there is cost or saving in this case. 
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10.1.2 Evaluating the list. 
 

• Time saved strapping. 
The time that difference between strapping with PP-strap and strapping with reusable straps is 
with an estimated amount of goods from Asia on 5 million m³ a year calculated to, 
Number of pallet multiplied with time saved per pallet is equal to total saved time. 
Cost per worked hour IKEA globally=25 € 
 

 
 
 
 

⇒Saving 
 
 

• The material cost per pallet looking at the number of cycle. 
There is already reusable straps in the working environment but the thing is that they goes 
around all 4 side of the pallet but one important information this provides us with is the 
number of cycle the strap goes threw. The manufactures claims that the straps goes threw 
hundreds of cycles before the wear is to big, calculating on a fatigue of one million cycle for 
the fastening device, hundreds of cycles shouldn’t be any problem for the reusable strap. If 
the strap last for 100 cycles and the cost buying these are 2.5 €, the cost per pallet concerning 
material is 0,109 € minus (2,5 divided with 100 multiplied with 2), this is equal to 
 0,059 € for B-pallet. If the cost buying the fastening device is 10 €, the saving in material is 
0,109 minus (1 divided with 100 multiplied with 2), equal to 0,089 € for B-pallet 
A saving in material that becomes of importance due to the amount of pallet, 5482500 pallets 
in a year. 

.€1.cos.......€.000,487.€943,487089,0500,482,5

.€5,2.cos.......€..000,323.€468,323059,0500,482,5

tedstrapreusabletheifyeara

tedstrapreusabletheifyeara

⇒=∗

⇒=∗
⇒Savin

g 
 
 

• The handling of  waste and the time consumption due to this. 
When PP-straps is recycled the profit is 21,4 € ton but all costs concerning transportation to 
the recycling central and the costs in store and distribution centres in order to dispose the 
waste is to be calculated and measured. How high the cost for all waste together is, are known 
but not for PP-straps alone. But with some of the previous gained information and a few 
assumption we have that the amount of pallets with PP-straps can be calculated when the 
amount of goods is known.  
Number of pallets with unit load multiplied with the length of used PP-strap, divided with the 
length of one roll multiplied with 48. 

containerpallets 59
12

703
703

481300

8500,482,5
=⇒=

∗

∗
   

If each container with waste holds 12 M³ and each pallet holds about 1 M³ there is 59 
containers with PP-strap waste that is transported and handled with in some way. 
⇒Saving 
 
 
 

( )

.€550,332,12553302.

302,53
3600

500,887,191
500,887,1914580500,482,5

=⇒∗⇒

=⇒=−∗

GloballyIKEA

HourSec
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• The logistic around the reusable straps. 
There is an existing logistic concerning the pallets today from store to distribution centre and 
the possibility to co-ordinate the transports are good. 
⇒Cost 
 
 

• The cost recycling. 
When the reusable strap is worn out, the cost recycling is low when aluminium is fully 
reusable and the strap is fully removable so the recycling becomes as high as100 percent. 
⇒Saving 
 
 

• The handling in store. 
The big issue in store is whether the reusable straps need more space handling or if it can be 
located with the existing system without problem. The time used dismantling the pallet ought 
to be the same.  
⇒Both ways 
 
 

• The handling of reusable straps between take off and reusing. 
A problem that shouldn’t be ignored is the storage in between using. If not handled correctly 
there can be problem with twisting and therefore it should be better to store in some simple 
holder for the reusable straps. 
⇒Cost 
 
 

• More or less damage of unit loads due to strapping. 
PP-strap has a width of 12 mm and the reusable strap is having a width of 20 mm so the force 
is applied to a bigger area and the pressure becomes smaller on the surface. 

%606,0
20

12
⇒= . So a conclusion that says it should be smaller risks for damage due to 

pressure is self given. There is also a given risk that load slide when the strapping don’t hold 
the load together and time must be laid on re-strapping and picking together part of load that 
have fallen of the pallet due to tension loss in PP-strapping. 
⇒Profit 
 
 

• Can strapping be handled in other ways than today. 
The systematic handling of the strapping moment is developed under some time and by the 
experienced staff in the distribution centres. With new ways of strapping there might develop 
new ways of handling the movement around the strapping that in it self can be time saving. 
⇒Saving 
 
 

• The elimination of a problem with slacking of PP-strap. 
With a small elastic coefficient in the strap the tension should stay in proper area and the 
problem with slacking that is in PP-strapping doesn’t exist. 
⇒Profit 
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• More or less health related problems due to handling. 

This is a difficult question to answer and should be treated like that but the choice of 
aluminium and the reduction of underlying strap ought to ease the handling a little, the risk of 
cutting oneself ought to be reduced when the handling of knifes becomes reduced due to 
construction. Other risks may occur but this is difficult to estimate and value. 
⇒Profit? 
 
 
 

• The environmental profit. 
There are several ways to measure the environmental costs today and one model is Eco-
indicator 99, another is EPS (environmental priority system). The EPS shows the 
environmental profits that are gained if one solution is selected before another and in many 
cases are environmental profits also economic savings in the long perspective. The LCA or 
life cycle analysis is also a tool that is increasing in importance when material is selected. 
If a comparison is made between the PP-strapping and the reusable strapping all aspects must 
be considered. For example how much material is consumed, what is the energy needed 
producing the product for comparable use, what is the pollution when transporting, what is the 
possibility for recycling and energy needed for this. 
⇒Further investigation 
 
 
This list is only some of the aspect that can be found when looking into the things that follow 
introducing a new way of strapping. There have to be some border line or else the gain of the 
effects becomes smaller than the efforts finding the value of the gain. Hopefully there is some 
relevance in the items given even if the value of the event is very hard to put down in a sum. 
 

10.2 Structuring the event. 
 

Listing the event have some advantages but some times it is easier to take the facts in when 

they are listed in a table and structured in pattern that comes natural in a table. 

 

10.2.1 Structuring 
The events are divided in what happens today and what the event can be changed from. 
Tomorrow it what can become if the change take place. Comment is just a limit that is given 
for knowing what this is about. Value is the possible effect of the changing from today to 
tomorrow. 
 

Event 
 

today tomorrow comment Value 

Time saved 
strapping 
 

80 second 45 second B-pallet  
2 straps 

Saving 
35 second/pallet 

Number of pallet 
5482500 

438,600,000.second 
or 121,833 hour 

246,712,500.second 
or 68,531 hour 

B-pallet 
2 straps 

Saving 
53,000 hour 

Cost IKEA 
globally 
25 € 
 

(121833*25=) 
3,045,825 € 

(68531*25=) 
1,713,275 € 

 1 Year Saving 
(3,045,825- 
1,713,275=) 
1,332,550 € 
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Event 
 

today tomorrow comment value 

The material cost 
per pallet looking 
at the number of 
cycle  
 

100 cycle 
(0,109*100=) 
10,90 € 

100 cycle 
(2*2,62=) 
5,24 € 
(2*1=) 
2 € 

life length of 
the reusable 
strap is 
assumed to 
100 cycle 

Saving 
(10,90-5,24=) 
5,66 € 
(10,90-2=) 
8,90 € 

Number of pallet 
5,482,500 

(5,482,500*0,109=) 
597,592 € 

(5,482,500*0,054=) 
293,495 € 

1 Year  
if cost for 
reusable strap 
is 2,5 €   
 a piece 

Saving 
(597,592- 
293,495=) 
304,097 € 

Number of pallet 
5,482,500 

(5,482,500*0,109=) 
597,592 € 

(5,482,500*0,02=) 
 109,650 € 

1 Year 
 if cost for 
reusable strap 
is 1 €  
a piece 

Saving 
(597,592-109,650=) 
487,942 € 

Event 
 

    

The handling of  
waste and the time 
consumption due to 
this 

703 pallets/12 M³   
=59 container ⇒  
time consumption 
and transportation 
= cost 

saving 1Year Saving 
Environmental 
profit 

Event 
 

today tomorrow comment value 

The logistic around 
the reusable straps 

There is an existing 
logistic around the 
pallets 
between store and 
distribution centre 

It would be natural 
to integrate the 
circulation of 
reusable straps  

 Cost 

Event 
 

    

The cost recycling +21,4 €/ton PP 
transportation cost  
handling cost  
environmental cost 
due to amount 

Much smaller 
amount of material 
+1017 €/ ton [12] 
Aluminium  
+21,4 €/ton PP 

The reusable 
strap is fully 
recyclable 

Saving 
Environmental 
profit 

Event 
 

    

The handling in 
store 
 

PP-strap is handled 
as waste 

Reusable strap 
handled for 
circulation 

Saving-cost This can go both 
ways economic 

Event 
 

    

The handling of 
reusable straps 
between take off 
and reusing 
 

None existing If handled correct 
the time strapping 
will lower 

Some form of 
“storing” has 
to be 
developed 

Cost 
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Event 
 

 
Today 

 
Tomorrow 

 
Comment 

 
value 

More or less 
damage of unit 
loads due to 
strapping 

With a width of 12 
mm the strapping 
exert 
100% pressure 

With a width of 20 
mm the strapping 
exert 
60% pressure in 
comparison with 12 
mm strapping   

With less 
force mm² the 
risk for 
damage 
become 
smaller 

Profit 

Event 
 

    

Can strapping be 
handled in other 
ways than today 
 

The handling of 
strapping is 
developed 

New ways of 
movement around 
the strapping with 
less handling of 
unit loads 

This come 
with time 

Saving 

Event 
 

    

The elimination of  
a problem with 
slacking of PP-
strap 
 
 
 

The PP-straps 
slacks 70% in 6 
days, normal 
humidity and 20 
degree Celsius 

The reusable straps 
have no slacking 
and can be 
developed with a 
little elasticity 

There can be 
damage on 
load due to 
slacking 

Profit 

Event 
 

    

More or less health 
related problems 
due to handling 
 

The existing way of 
strapping can 
trigger movement 
that are not 
supposed to be 
when stretching 
after strap that got 
stuck under pallet 

No movement that 
comes due to that 
one needs to reach 
under the pallet 

Strapping 
with reusable 
strap only on 
3 sides 

Profit 

Event 
 

    

The environmental 
profit 
 
 

PP-straps is for one 
time only 
  

Reusable straps is  
constructed for 
hundred of cycles 

LCA (Life 
Cycle 
Analysis) 

Further 
investigation 

Environmental 
Profit 

Profit Saving cost Both way 

2 event 3 Event  A year, between 
1,39-1,96 million € 
+ 3 event 
 

2 event 1 event 

 

Table 5 Economic, soft and environmental factors 
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Looking at the economic potential in this way gives another aspect of the whole issue and a 
clear indication of what ought to be looked at in first place. The sum in € that is given directly 
refers to the limited area of strapping the pallet. The other events has to be further 
investigated in order to turn the events into a value of €, the things done here is giving the 
direction of the value. 
 

 

 

 

11 Limitations 
 
Then developing or constructing some thing that is to be considered new or different there are 

always the problem with limitations. What are the limits, where shall the borderline be put so 

that the ideas can go further and become reality. 

 

11.1 The limitations.  
 

• The height, width and weight of the pallet can not exceed the given limits in the 
standards that IKEA given, Packaging general requirements, version nr: AA-171373-2 
due to construction of the reusable strap. 

 
• The overseas goods are loaded on one way pallets and these pallets have the 

construction given with feet that provide the space required.  
 

 
• Limitation or problem with reusable strapping due to fastening. 

            Unit load must be kept within the limited space given by pallet size in at least one  
            direction. It is more usual that the load extend the length of the pallet than the width so   
             normally there will be no problem. If the load extend the pallet size in both length and  
             width there will be no way of fastening the devise that works and are constructed with  
             the condition that the force goes nearly straight up and lock to pallet. In these cases  
             the strapping must go around the pallet. 
 

• The construction is dimensioned to be strapped single on B-pallet and two on A and D 
pallet. 

 
• Concept 7 must be used so that the forks can go free without any problems so this 

gives a limited space for use at the pallets long side. 
 

• The reusable strap can not be used with loads that can move around in a way that 
makes the strapped volume smaller. For example different type of bars that can move 
around so that the load sink together.  
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12 Recommendations 
 

Working with this for ten weeks have provided me with a lot of time to regard and consider 

the given thesis so of course, I have done this work and think of it as a good work and want to 

push for it. But looking at facts given and trying to be 100 % objective I would say that this 

idea has potential. This is something that has grown from the idea I was given to this thesis 

written. My personal recommendation is to take the issue further and to make the limited try 

out a reality. The recommendations given here below are trying to be objective and not 

emotionally coloured. 

 

12.1 Recommendations 
Doing this thesis I have seen some area that might be looked into because they also affect the 
result in an economic and environmental aspects. Due to lack of time I was forced to put 
limitations in the research around the main issue even if the area effected direct or indirect. 
 

• Make full scale try out in a limited area to get the whole picture due to handling 
around the main issue that is troublesome to predict. There is the human factor that 
can affect the moving pattern around the pallet. The handling of the reusable strapping 
don’t become as smooth as expected. 

 
• Find out the actual cost for handling the waste that comes out of PP-strapping.  

 
 

• Find out the actual cost for integrating and transporting the reusable straps with 
existing logistic. 

 
• Find out the actual cost for handling the reusable straps between re strapping and 

 strapping. 
 

• Find out what the actual transport damage due to the PP-straps straps are. 
 
• Make a LCA (Life Cycle Analysis) on PP-straps and reusable straps and put them in 

equally terms for compares. 
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14 Appendixes 

14 Links and books gone through                                                               Bibliography 3.1 (1) 

 

Internet related links gone through with underlying links. 

 

http://www.taichung.net/ls4e/show_summary11.asp 

http://www.asmsweden.se/band/index.html 

http://www.alibaba.com/catalog/10908542/Pallet_Strapping_Machine.html 

http://www.loadhoglids.com/lids.html 

http://www.thomasnet.com/products/machinery-pallet-strapping-47800602-1.html 

http://www.asmsweden.se/bandning/main.htm 

http://www.packex.se/ 

http://www.keyind.co.uk/Handling-Lifting/Lifting-Equipment/Lifting-

Equipment_159T017N.html 

http://www.tyups.com/cargo.shtml 

http://www.polychem.com/strappingsubcat.asp?Catid=6&Subcatid=31 

http://www.macraesbluebook.com/search/product_company_list.cfm?prod_code=5466600 

http://www.asdlogistik.se/ 

http://www.capspackaging.com/english/strapping-tools/st-ima.html 

http://customer.manufacture.com.tw/~apack/p1.htm 

http://www.dacocorp.com/StrapMachinery.php 

http://www.exportpages.com/produkte.aspx?Suche=Strapping+equipment 

http://www.nexusaustralia.com.au/ 

http://www.materialshandling.com.au/ 

http://www.packware.com.tw/home.htm 

http://www.palletweasel.com/ 

http://www.ruscopackaging.com/Product_Catalog/Plastic_Strapping/Plastic_Strappng_Materi

als/Polyester_Strapping/polyester_strapping.html 

http://www.acme-packaging.com/index2.html 

http://www.aerorubber.com/pallet.htm 

http://www.agmcontainer.com/ 

http://www.alliedpackaging.com/supplies/plastic_strap.html 
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Bibliography 3.1 (2) 

http://www.ancra.se/ 

http://www.belcopackaging.com/ 

http://www.bufordcsmith.com/ 

http://www.clobsagbacken.se/lastsakring.htm 

http://www.contitech.se/ 

http://www.cyklop.de/nav_eng/index.html 

http://www.davpack.co.uk/Level1.aspx?Grp1Code=06&Grp1Desc=Strapping%20[a]%20Sec

uring 

http://www.e-rackonline.com/ 

http://www.freight.qr.com.au/freight_services/general_freight/pallet/pallet.asp 

http://www.globalindustrial.com/gcs/product/productInfo.web?infoParam.mode=1&infoPara

m.itemKey=30106580 

http://www.goliat.com/Swedish/prod04.htm 

http://www.ie.ncsu.edu/kay/mhetax/UnitEq/index.htm 

http://www.jhnunn.com/prod07.htm 

http://www.mariterm.se/lastsakring.html 

http://www.packworld.com/articles/Products/6618.html 

http://www.paxzel.dk/gpage.html 

http://www.qualitystrapping.com/ 

http://www.samuelstrapping.com/product/default.asp 

http://www.sealstrap.se/ 

http://www.stopwaste.org/home/index.asp?page=255 

http://www.swestrap.se/ 

http://www.uline.com/Class_09.asp 

http://www.unitedpandi.com/html/main.html 

 

Books gone through. 

Author, Pettersson Thomas 

Title, Att kompensera för avstånd? Year of publication 1999 

 

Author, Engström Rickard 

Title, Competition in the freight transport sector. Year of publication 2004 

 



Växjö University, School of Technology and Design 
PID, MTC990 Diplomawork 2006, Tomas Björk 

 67 

Bibliography 3.1 (3) 

Author, EDC/EU material 

Title, Cost-benefit and multi-criteria analysis for nodal centres. Year of publication 1996 

 

Author, Sjögren Stefan 

Title, Effektiva kombiterminaler. Year of publication 1996 

 

Author, Godstransportdelegationen 

Title, Godstransporter - noder och länkar  samspel. Year of publication 2004 

 

Author Nilsson Lars-Ivar 

Title, Godstransporter på väg – en analys. Year of publication 1995 

 

Author, Prepaired by an OECD scientific expert group. 

Title, Itegrated advanced logistics for freight transport. Year of publication 1996 

 

Author, R.G. Bassett 

Title, Road transport management and accounting. Year of publication 1974 

 

Author, Don Benson, Geoffrey Whitehead 

Title, Transport and distribution, made simple. Year of publication 1975 

 

Magazine gone through  

 

Author, Murray John 

Title, Säkring av gods – Transport & hantering.  Year of publication 1999 nr 6/7 

 

Author, Lötberg Kalle 

Title, Säkring av gods viktig för loistiken -  Transport idag & I trafik 

Year of publication 2002, nr 13 

 

Author, Ovesen Marianne 

Title, Expertgrupp enar EU – Transport idag & I trafik. Year of publication 2003 nr 1 
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Appendix 1.1 (1) 
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Appendix 1.1 (2) 
Time schedule 2006-03-31 to 2006-06-02 

 
Week 13 Meeting with Rickard Andersson, introduction to the problem. 

The intention is that the project description will be developed during the 
cooperation between student and instructor.   

  
Week 14 Collection and putting together data, budget and time schedule is to be 

delivered. 
 
Week 15 Collection and putting together data, limitations are cleared. Study concerning 

time and event around strapping is done, calculations in the matter of forces is 
done. 

 
Week 16 Brainstorming solo, morphological chart, evaluation, possible second 

brainstorming solo, checks ideas with instructor. 
 
Week 17 Making preliminary sketches, making calculations on forces and tensions.  
  Checks ideas with instructor make drawings and choose materials. 
 
Week 18  Making preliminary sketches, making calculations on forces and tensions.  
  Checks ideas with instructor make drawings and choose materials. Make 

sample for testing + testing. 
 
Week 19 Make sample for testing + testing, start writing report. 
 
Week 20 Writing report. 
 
Week 21 In beginning of week present for instructor, the internal smaller report and the 

report intended for Växjö University. At end of the week present the approved 
report for instructor at University. 

 
Week 22 Make account for opponents at Växjö University 
 
 
 
This is a preliminary time schedule but the purpose is to give clear guidance to when I need to 
be done with different tasks and see to that time is taken in consideration when it comes to the 
different tasks. No date is set in this time schedule except start date and date for delivery to 
university. This is made with intention, where are circumstances I cannot affect and that can 
move dates back and forward but in hole the intension is that the task of a week shall be done 
by Friday afternoon. 
 
 
 
 

                                                                                                    Växjö 06042006 
                                                                                               Tomas Björk 

                                                                                                   Department of  
 



Växjö University, School of Technology and Design 
PID, MTC990 Diplomawork 2006, Tomas Björk 

 70 

Appendix 1.2 (1) 
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Appendix 1.2 (2) 
Budget 

 
This budget is a appreciation of time and costs for IKEA OF SWEDEN concerning the  
M.Sc Thesis: New ways of strapping goods from overseas destinations. 
 
I make some appreciation related to the costs per hour of work, and also concerning the cost 
per driven km. 
I assume that the cost per worked hour is 250 SEK and the cost per km is 3 SEK.   
 

 
Sort 

 
Time (hour) 

 
Cost (SEK) 

 
Rickard Andersson 

 
5*8 = 24 

 
250*40 = 10000 

 
Anders Kroon 

 
4 

 
4*250 = 1000 

 
Surrounding people 

 
8 

 
8*250 = 2000 

 
machine (engineering) 

workshop 

 
8 

 
8*250 = 2000 

 
Journey to Växjö University 

( distance 80 km one way ) 
2*80 = 160 

 
160*3 = 480 

 
Material 

 
 
 

 
500 

 
Total 

  
15980 

 
 

 
Since my time doesn’t affect the budget above I decided to leave my time as a value of hour 
in work: worked hours approximately 320. 
  
It is my hope that the work accomplished then this period is over will be worth the effort and 
costs that IKEA OF SWEDEN have put in this M.Sc Thesis. 
 
 
 

                                                                                                    Växjö 06042006 
                                                                                               Tomas Björk 

                                                                                                   Department of  
            Mechanical engineering 
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Appendix 4.1 (1) 
 
 

Questions to be asked 
 

1. Which volume comes from Asia and is re strapped to EU-pallet? _________________ 
_____________________________________________________________________
_____________________________________________________________________ 

2. How much of this is strapped manually?   ___________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 

3. With bigger volumes, how much is strapped manually respectively with machine? ___ 
_____________________________________________________________________ 
_____________________________________________________________________ 

4. How big is the stretching force used by machine respectively by hand?  ___________ 
_____________________________________________________________________
_____________________________________________________________________ 

5. How long time does the strapping by hand take? ______________________________ 
_____________________________________________________________________
_____________________________________________________________________ 

6. Are pallets transported when it’s not necessary because it is boring or it is just easier 
to do so? _____________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

7. What distance or time loss is considered acceptable when moving pallets?  _________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
What projection is allowed concerning pallets sidewise? ________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

8. What material is the feet made of? _________________________________________ 
_____________________________________________________________________ 

9. Are there stress concerning the forks, dragging along other pallets? _______________ 
_____________________________________________________________________ 

10. Data for PP-straps? _____________________________________________________ 
_____________________________________________________________________ 

11. How long time do the strapped pallet remain in the strapped condition? ____________ 
_____________________________________________________________________
_____________________________________________________________________ 

12. How long payback time is acceptable? ______________________________________ 
_____________________________________________________________________ 

13. Must a unit load on D pallet be strapped with three straps? ______________________ 
_____________________________________________________________________
_____________________________________________________________________ 

14. Possibility to handle a reusable strap, logistic? ________________________________ 
_____________________________________________________________________ 

15. A reusable strap will be about three meters long, how to handle this? ______________ 
_____________________________________________________________________
_____________________________________________________________________ 
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Appendix 4.1 (2) 

 
 
16. it is possible to divide fastening and strap or shall it be a unit? ___________________ 

_____________________________________________________________________ 
_____________________________________________________________________ 

17. It is possible to make fastening device only and use PP-strap? ___________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

18. Fastening with self-locking device? ________________________________________ 
_____________________________________________________________________ 

19. How to make the fastening device to bite into the pallet? _______________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

20. How to transfer this to a plastic pallet? ______________________________________ 
_____________________________________________________________________ 

21. Costs for fastening? _____________________________________________________ 
_____________________________________________________________________ 

22. Costs for straps? _______________________________________________________ 
_____________________________________________________________________ 

23. Environmental values? __________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

24. Recycling? ____________________________________________________________ 
_____________________________________________________________________ 

25. Working environment? __________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 

26. How to measure the time consumption for reusable straps? ______________________ 
_____________________________________________________________________ 

27. Making formula for calculations.___________________________________________ 
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Appendix 4.2 (1) 

 
Answer to questions 

 

1. 5. million Cubic meters. 

2. About 90%. 

3. About the same. 

4. 1400 N machined and 300 N by hand. 

5. Have to investigate this fact myself:40 second for a B pallet and 80 second for a A or 

D pallet 

6. Yes, it happens. 

7. ----- 

8. Corrugated cardboard about 95%, particle board and PP-plastic 2, 5% each. 

9. Yes it happens. 

10. ----- 

11. ----- 

12. Its depends, refers to economic department for answer. 

13. Two straps. 

14. Yes, it can be built in existing system. 

15. ----- 

16. It must be one unit. 

17. Yes, its possible  

18. ----- 

19. ----- 

20. The plastic pallet is not in production so there is no problem developing this. 

21. ----- 

22. ----- 

23. No not yet. 

24. Yes, 200 SEK ton but there is transport costs to and from the recycling central among 

other. 

25. Evaluation. 

26. Have to make my own measurement and tryout: 

Shows that time needed per strap is 22,5 seconds. 

27. Yes 
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Appendix 9.1 

 
Figure 18 Generalized fatigue strength  (Juvinall Marshek 2000) 
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Appendix 9.2 

 
                                            Figure 19 reduction in endurance limits. (Juvinall Marshek 2000) 

 
 
 
 
 

 
 

                                       Figure 20 S-N band for fatigue calculation. (Juvinall Marshek 2000)       
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Appendix 9.3 
 
 
 

 
Figure 21 Equations for cantilever beam (Juvinall Marshek 2000) 
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Appendix 9.4 
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Appendix 9.5 
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Appendix 9.6 
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Appendix 9.7 
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