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Abstract:In this thesis, Mechanical properties of polypropylene yarn of 
outer protection layer on Submarine High Voltage Cable ,which is 
twisted around submarine,cable is determined on various conditions at 
ABB Company. In the first step,tensile test are done with polypropylene 
yarn specimens with and without Bitumen at Room temperature. 

In the second step,tensile test are done with polypropylene yarn 
specimens with and without Bitumen and with two separate strands of 
pp yarn,which is tied with various knotted samples which,named the 
Fishermen’s knot, the Weaver’s knot, the Square knot and the Overhand 
knot at Warm Condition (60˚c) and Cold Condition(-5˚c ). 

In the final step,it is proposed to obtain numerical solution using FEM 
analysis with ABAQUS Software to obtain the hoop stress and the yarn 
stress from twisting cable and analyzing of cylindrical Buckling in the 
buckling torsion and buckling bending on the outer layer of submarine 
cable with polypropylene material which is mixed with Bitumen. 

Keywords: Tensile test,Polypropylene yarn, Warm and cold 
conditions,Outer layer,FEM analysis, Submarine cable,Bitumen 
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1     Notation 
A                   Area 
D                   Diameter of  cable 

Elasticity tensor 
D                   Diametar of yarn 
E                   Young’s modulus 

                 Secent modulus 
Fiber bending rigidity  

                  Lateral strain 
                  Axial strain 

G                   Shear modulus 
  Mass of the fibers in intial state  

Fiber moment of inertia 
J                    Moment of inertia 

                 Elastic Stiffness Matrix 
                Initial Stress Matrix 

Fiber torsional rigidity 
K                   Twist factor 
M                   Mass of the skein 
n                    Number of fiber 

                   Length of yarn 
                 Fiber bending     
                  Fiber tension 
                  Length after elongation 
                  Original length 
                  Fiber torstion 

p                    Pressure 
 

Intial radial position of fiber 
Yarn Radius 

Z                    Curvature parameter 
                   Strain 
                 Total elastic strain 
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                  Permanent strain  
                  Thermal strain 
                 Elastic strain 
                 Coefficient of thermal expansion 

 Yarn surface helix angle 
                    Plasticity-reduction factor 

Initial fiber packing density 
                  Eigen vector 

Stress 
              Longitudinal stress 

                  Radial stress 
                  Hoop stress 
                  Eigen value for buckling mode  
                 Change of length  
                 The difference of the temperature   

Fiber density 
                   Poisson’s ratio  
                  Elastic Poisson’s ratio  

Torsion of the fiber helix 
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2     Introduction 
The polypropylene martial is chemically very similar to polyethylene 
including of only carbon and hydrogen atoms .the polypropylene yarns are 
manufactured by a melt spinning possess and the diversity is the most 
important property of polypropylene yarns, the polypropylene yarns have 
several advantage consisting of low cost, easy to process, low moisture 
adsorption, high flexibility and abrasion resistance se well as light weight 
and resistant to deterioration from chemicals, on the other hand, there are 
some drawbacks including low melting point, poor thermal conductivity 
and poor UV and poor adhesive to glues and latex. 

They are used in many industrial field so in this particular case, they have 
employed at submarine cable industry as an outer layer of the cables which 
are twisted by specific machine at production line around the cable, it is 
shown in Figure 2.1:     

The outer polypropylene layer generally subjecting to shear force at 
transferring cable to the ships, also at the coiling situation, the steel wires 
applied the inner pressure to polypropylene yarn layer as an interaction 
between two layers at the submarine cables. 

There are two outer protection layers, twisted around submarine High 
Voltage Cables, made by polypropylene yarn and combined by bitumen. To 
protect them from damage by boat anchor and fishing equipment’s, they 
have been manufactured by special structures and armors which outer 
layers mainly are armored by steel wires for tolerating tensional forces and 
wrapping of polypropylene yarn.   

The main duty of bitumen-bounded polypropylene yarn protects submarine 
cable from corrosion; also it would be better to express that submarine 
cables are categorized at two kinds of cables: static cables and dynamic 
cables where the static cables are covered by the polypropylene yarn.  
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Figure 2.1: The machine for twisting the polypropylene yarn at factory 

This thesis work consists of nine parts which the main chapters explain as 
follows: 

Chapter 3-Charactristics of yarn: In this chapter, the 
important specific parameters in the yarn industry are explained for 
instance: linear density, twist factor, level of twist, twist direction and yarn 
the forces and torques in the applied force as tensile energy of yarn, 
bending energy of the yarn and torsional energy of yarn.  

Chapter 4-Tensile test at Room temperature: The 
mechanical properties of outer protection layer of submarine high voltage 
cable is considered ,regarding that the tensile test is carried out in the 
polypropylene yarn at Room temperature (25˚c) at  HVC lab in Karlskrona 
by Shimadzu machine, the specimens, used at tensile test at room 
temperature, the polypropylene without bitumen and pre-tension, the 
polypropylene without bitumen with pre-tension, the outer polypropylene 
yarn with one side bitumen, the inner polypropylene yarn with two sides 
bitumen, the polypropylene yarn with O knot at the middle of yarn.   

Chapter 5-Tensile test at warm and cold conditions: 
The main scope of this chapter is investigating the mechanical properties of 
polypropylene yarn at Warm (60˚c) and Cold (-5˚c) conditions. The values 
of Maximum-Force, Elongation at Break, Young’s Modulus are obtained 
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and compare with the results of Room temperature. The specimens- tested 
at Warm and Cold conditions- introduce as follows: the original 
polypropylene yarn at Warm and Cold conditions, the original 
polypropylene at Cold condition with bitumen, the knotted polypropylene 
yarn with various knots namely: the Fishermen’s knot, the Weaver’s knot, 
the Square knot and the Overhand at cold condition.       

Chapter 6-The results and discussions of tensile test: 
This chapter shows the Force-Strain and Stress-Strain graphs which are 
done at chapter 4 and 5, the obtained values are discussed and compared at 
Room temperature, Warm and cold conditions.  

Chapter 7-The finite element analysis of outer layer: 
It is proposed to obtain numerical solution using FEM analysis with 
ABAQUS Software to obtain Hoop stress and the yarn stresses from 
twisting cable and analyzing of cylindrical buckling in the buckling torsion 
and buckling bending on the outer layer of submarine cable with 
polypropylene material. 
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3    Characteristics of Yarn  
3.1     Linear Density 

Diameter or thickness is one of the most significant properties of the yarn. 
Yarns are in different sizes and types which can be thick or thin. It can be 
difficult to find diameter of the yarns in the meaningful ways, because it 
can be changed when is measured in different measuring processes, the two 
ways of doing this are physical method and optical method.   

In physical method, it can be seen that yarns are being compressed and 
squeezed by pressure, so the value of the pressure in yarns should be 
defined; on the other hand, in optical method it is difficult to distinguish 
outer edge of yarn because yarn surface can be rather fuzzy. 

These problems involve a great deal of new method which the system of 
donating the fineness of the yarn by weighting a known length and 
accuracy of linear density can be measured by sufficient length of yarn -the 
satisfactory length of yarns is identified 1000 meters of length in ASTM 
Standard D2256 . 

There are two systems of indicating linear density that how much a given 
length weights (Direct system) and what the length of yarn is in a given 
weight (Indirect system) 

 

 

3.1.1    Direct system  

Direct systems are the weight or mass per length of yarn, systems can be 
mentioned such as   

 Tex: weight of 1000 meters in grams. 
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 Decitex: weight of 10000 meters in grams. 
 Denier: weight in grams of 9000 meters. 

Tex (g/1000m):  the mass in gram of one kilometer or 1000 meters is the 
meaning of the Tex, if one thousand meters of yarn weights 20 grams 
whereas one hundred meters of yarn weight 2 grams, linear density will be 
20 Tex. It can be used for obtaining fiber size in many industries, for 
instance, optical fiber, yarn, and fabric. It can be shown in the following 
Figure 3.1: 

 

Figure 3.1: The definition of the Tex 

Decitex,Dtex(g/10000m): The mass in gram of the kilometer or 10000 
meters, Dtex ,is a small unit of Tex (1 Tex =10 Dtex) and it can be used for 
fiber and filament yarn. 

Denier (g/9000m): the mass of nine kilometers or 9000 meters,  

 

 

Multiplying factors in direct system are shown in Table 3.1:  
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Table 3.1: Multiplying factors for converting linear density direct system 

3.1.2    Indirect system 

An indirect system is the length per unit weight of yarn and it is known on 
the number of hanks of length and is necessary to build up a fixed weight. 
Complementary to this, history of yarn manufacture and different spinners 
made up its own ways of measurement yarn thickness. 

 Metric count : number of kilometer lengths per kilograms  
 English count : number of hanks all 840 yards long 1 pound  

The following table 3.2 is illustrated the conversation of indirect systems: 

 

Table 3.2: The Conversation of indirect systems of yarn linear density 
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The relationship between conversation factor K and count system is 
indicated in the following expression: 

 

 

3.2     Twist in yarn 

The definition of twist will be given that untwist yarns are not as strength as 
twisted yarns, Twist hold the fibers together and improve the properties of 
the yarn and with regard to level of twist also properties of yarn can be 
changed, strength and softness are the exemplifies of these properties. It is 
apparent that the twist increases, the lateral force maintaining the fiber 
together goes up; consequently, the strength of the yarn is increases as well.  
On the other hand, the twist increases, the angle that fiber made by the yarn 
axial grows and maximum strength in yarn increases too. Considering the 
level of twist, it can be concluded that there is a point as twist is increases 
until the strength reaches to maximum value after that the strength is 
reduces: however, the twist is increased. The relation between strength and 
Twist level of yarn is demonstrated in Figure 3.2:   

 

Figure 3.2: Effect of twist level on strength 
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3.2.1     Level of twist  

Twist is defined as a number of turns per unit length as an example turn per 
meter (tpm) or turn per inch (tpi). The suitable value of twist is directly 
relates to the yarn thickness, the thinner should be affected by greater 
amount of twist which gives the same affect in compare with thicker. 

According to Figure 3-3 parameters of the level of twist as explained by 
angle , which the fiber was made by twisting along the yarn axis, the 
length of yarn is  and the Yarn diameter is . 

 

 

The Figure 3.3: The parameters of level of twist  

 

The central theme of twist- strength curve is briefly outlined to Coherence 
curve and Obliquity curve in order to increase resistance of fibers to slip for 
improving the strength of yarn in any applied tension. It can be described 
that more twists make the greater radial components which is called 
Coherence curve. 

On the contrary, it is seemed parallel filament is twisted. Torsional stress 
will influence on individual filament. The more the level of twist increases, 
the less strength of filament would be. The curve is illustrated as Obliquity 
curve [12]. 
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Subsequently, the twist-strength curve is shown in following Figure 3.4:  

 

Figure 3.4: The twist-strength curve  

3.2.2     Twist Factor  

As far as we know, working and measuring of Twist level - turn per meter- 
is easier than twist angle.Figure 3.5 shows the relation between two 
different sizes of the yarn . 

 

 Figure3.5: The twist factor  

L 

Yarn 1 Yarn 2 

d1 d2 

1 
2 

d1 
d2 

L 
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The length of one turn of twist is shown by  since the number of turns per 
meters is the twist level, so the twist level in one meter can be formulated 
as: 

 

So  

        

This part depicts relationship of diameter in yarn which it has been 
discussed earlier; the yarn diameter is hard to be measured directly because 
yarn surface is soft and can be changeable by force so the yarn diameter 
and the yarn count connection can be expressed as below: 

 

 

It is supposed a circular cross-section for the yarn  

ρ π  

 

Rewriting the equation above according to diameter d: 
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Combining equation (3.5) and (3.8)  

(3.9) 

Or 

 

Where 

 

K indicates the twist factor which relations the twist level. Conventionally 
two yarns with the same twist factor will have the same surface twist angle, 
irrespective of count.  

Diameter of the yarn is determined by using the Tex according to the 
following formula: 

(3.12) 

It is should be noted that there are some errors with the use of twist factor. 
Reasons are mentioned as following statements: 

 It is supposed in above calculation that cubic density will not 
change in the yarns with the same surface twist angle because of the 
cubic density might be different from other yarns. 

 Yarn characters will be created with different fiber materials, 
fractional coefficient and other properties.  
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In yarn industry, twist, twist factor and yarn count (Liner density) 
relationship is one of the most important factors that it is defined Tex 
system: 

 

3.2.3     Twist Direction  

According to the orientation of surface of fiber surface to yarn axis, twist 
can be categorized in two shapes in Z direction or S direction as illustrated 
in Figure3-6: 

 

Figure3-6: The twist direction    

3.3     Yarn Forces and Torques  

Force method was recommended by Platt, Klein in 1958 which fiber torsion 
 and fiber bending  are obtained from following expressions [4]: 

(3.14) 

(3.15) 

Variables definition is explained here as:  
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In 1964 Postle , Burton , Chaikin also used Force Method and they 
introduced a formula which is includes the yarn strain and the fiber 
tension  is considered in [5] 

 

Thus, torque is explained with a statement below: 

(3.17) 

It is worth mentioning that fiber torsion and bending in compare with fiber 
tension in applied force are quite smaller. 

In the paper,Liu, Choi, Li [6] concerned applied force on the yarn due to the 
fiber tension, bending ,torsion. Also tensile and torsional behaviors of yarn 
have been analyzed by model of   Energy Method. The states of the yarn in 
initial and strained are shown in following Figure 3.7:  

 

Figure 3-7: The states of the yarn in initial and strained state    
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3.3.1     Tensile energy of yarn 

Regarding to Figure 1.7 yarn is assumed that has been divided in two 
regions, unstrained and jammed region which only fibers in jammed region 
are calculated in tensile energy. So tensile energy is demonstrated by: 

 

 

Where  is obtained: 

 

Yarn cross -sectional area is parade where is a function of  and . 

 Can be obtained by substituting  and  by  and  respectively 
in equation (3.19) 

 

 

 

The tensile energy  

 

Hence, the total tensile energy can be figured: 

(3.22) 
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3.3.2     Bending energy of yarn 

Bending energy should be found in initial state accordingly to the Figure 
1.7, because all fibers are included in bending behavior. Therefore, bending 
energy for one fiber is represented as the following meaning: 

 

Where the bending energy reserved unit length of a fiber 

 

 

Where  is the function of if replacing  ,  for  and  
respectively in equation  and   

 

 

Then  can be attained  

 

 

The total bending energy of yarn is procured  
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3.3.3     Torsional energy of yarn 

Total torsional energy can be obtained by   

 

Where   is the torsional energy reserved in unit length of fiber. 

 

Total energy of the yarn is summation of all energy in the yarn, bending, 
tensional and torsional energy .So the final equation is developed as  

  

Where 
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4     Tensile Test at the Room Temperature 
Tensile testing was carried out in polypropylene yarn by Shimadzu machine 
in the ABB Lab (Karlskrona Lab) which it was directly connected to 
TRAPEZIUM X Software for collecting data of the machine. The test 
machine consists of rope grips which were designed for yarns; however 
Pneumatic grips are more accurate than rope grips, the results can be 
plotted quiet well because yarn slippage is eliminated in pneumatic grips.  

The machine is installed in such a way which upper grips can move in 
vertical direction with speed of 300 mm/min while lower grip is fixed and 
Test is done in the room temperature. 

Test procedure is required to operate the machine and to take the 
measurements so ASTM STANDARD D2256 is selected due to material 
specification. As a result ASTM D2256 specification is suitable for 
Polypropylene yarn. 

Tensile machine should be performed by several variables which there are 
mentioned in ASTM Standard and it is illustrated in the chart below: 

 

Linear density Gage length Speed Pre -tension 
3480 250 mm 300mm/min  0.05 cN/Tex 

 

Chart 4-1: The variables in ASTM Standard   

The Shimadzu machine is shown in following Figure 4.1: 
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Figure 4.1: The Shimadzu machine 

4.1     Tensile specimens  

The typical tensile specimen is shown in Figure 4.1. The important part of 
specimen is gage length which has mentioned above. Therefore, 
deformation and failure can be localized in this area. 

Gage length is the distance form upper and lower grips, before the load is 
applied. There are various methods to fasten the yarn in grips which the 
best procedure can be implemented to control the per-tension accurately 
because it is clearly understandable that various pre-tensions are produced 
when the yarn is turned in clockwise or counterclockwise way around the 
grips. [5]  

Precondition and condition categorize the specimen in five different 
samples. The First sample is usual yarn which is produced in the factory. 
The Second one, named Inner Layer, which whole yarn body is soaked with 
Bitumen. Close to second sample, only one side of the third sample is 
soaked with Bitumen, called outer Layer because, it has twisted externally 
around the cable. The forth one is shaped with an O knot at the middle of 
the yarn. Finally, the last one is knotted yarn which in knotted  by various 
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knots as the Fisherman’s knot, the Weaver’s knot, the overhead knot and 
last but not the least the square knot. 

Linear density is another parameter that plays a significant role in yarn 
tensile test, it can be seen that when the operator is ready for tensile testing, 
firstly linear density and gage length should be input to the software 
directly. 

There is a standard method for Linear Density of yarn (yarn Number) by 
the skein Method. 

ASTM Standard D1907 tends to address a method for calculating linear 
density of polypropylene yarn. 

In the summary of the method D1907, the length of the polypropylene yarn 
is wound on reels as skeins and weighted. The linear density of 
polypropylene yarn is calculated by the mass and the length of the skein- 
generally perimeter of reel -is 1 m with a tolerance of    . 

 Equation for linear density which relates the mass and length of skeins is 
divided to three parameters [11]: 

1) The length of skein 
2) The unit of Mass (grams or grains) 
3) The type of yarn numbering system which linear density is 

computed in it. 

The following equations are suggested for obtaining linear density of 
yarn: 

(4.1) 

 

Where  

M=Mass of the skeins in grams  
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L=Length of skein as read from skein gage or computed the number of 
wraps X perimeter of the reel 

The value of A⁄B is shown in following chart 4-1: 

 

Chart 4-1: The value of A⁄B 

  The study is built on linear density of the polypropylene yarn without 
bitumen. The length is 100 meters of yarn which is read directly from skein 
gage. Then, the weight of 100 meters of yarn is found by Digital Scales 344 
grams.  

Now, value should be substituted in the following formula: 

(4.3) 

 

 

Obviously, the linear density of polypropylene yarn with bitumen is more 
than without bitumen because bitumen helps to increase the weight of yarn. 
Due to the lack of specimens with bitumen, 20 meters of polypropylene 
yarn are weighted and the value of 20 meters of outer layer (two sides with 
bitumen) and inner layer (one side with bitumen) are 87.95, 77.55 grams 
respectively.      

Accordingly the formula for calculating linear density:  
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(4.6) 

(4.7) 

In tensile testing, Pre-tensions in yarn are described as a following part, as 
far as mentioned at ASTM Standard D2256 amount of per-tension could be 

  .According to equation below per-tension in inputted at   so  

is converted to    by dividing to 10. 

On the one hand the engineering stress is    where the unit is   or  

 , On the other hand formula for the specific stress is illustrated as 
 where  is the linear density of the PP yarn and the unit for the 

specific stress is .[11] 

 

 

(4.10)

 

4.2     Tensile properties  

4.2.1     Stress and Strain Curves  

In the tensile test, force is plotted versus elongation (strain) where 
according to force-elongation graphs several mechanical properties could 
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be identified. To summarize, Break-Strain, Young’s Modulus, Break- 
Force, Max-Force and yield strength Force. 

Engineering stress or Nominal stress is indicated as:  

 

Where F is tensile Force and  is initial cross-section area. 

Engineering strain is defined as: 

 

Where  is the gage length and   is the difference between 
initial gage length and gage length after loading.  

Force–elongation graphs can be converted to stress-strain graphs, the 
advantage of stress-strain curve to Force–elongation curve is that Stress-
Strain curve is virtually independent of form specimen dimensions. 

Elastic region, plastic region and deformation, are supposed to be the stress 
applied to material .When the stress is removed and the martial returned to 
the initial state. This deformation is named elastic deformation. In the 
higher stress, if the stress is removes and the martial will rebound to the 
original figure, called plastic deformation. 

Elastic and plastic deformation of a wire is shown in the following Figure 
4.2 which elastic deformation is simulated in top part and plastic 
deformation in the bottom. 

.   

Figure 4.2: The elastic and plastic deformation of wire  
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Elastic modulus or Young’s Modulus would be found form slope of linear 
region in Force and elongation 

 

Also Poisson’s ratio is defined as the lateral strain  to axial strain   

 

Due to elastic strain is very small, strain can be measured by a sensitive 
extensometer, conversely strain gage should be used in lateral strains. 

Breaking Strength of yarn correlates with linear density; conversely, 
different sizes of yarns can be compared by breaking strength. [9] 

4.3     Experimental Procedures 

Important! Put safety first and be careful of your eyes. Before starting any 
operation, wear glasses and also to wear gloves to protect your hands on the 
machine and specimens.  

4.3.1     Specimen Preparation 

As it mentioned earlier, length of specimen (L) should be 250 mm 
according to ASTM D2256 Standard between two grips and linear density 
of Polypropylene yarn should be calculated as stated in ASTM D 1907, as it 
illustrated in Figure 4.3:  

 

Figure4.3: the length (GL) and the linear density (D) of yarn  
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The following samples will be tested:  

1) The polypropylene yarn without bitumen without pre-tension 
2) The polypropylene yarn without bitumen with pre-tension (16.7 N) 
3) The polypropylene yarn with two sides bitumen (inner layer) with 

pre-tension (18.63 N) 
4) The polypropylene yarn with one side bitumen (outer layer) with 

pre-tension (21.98 N) 
5) The polypropylene yarn without bitumen with pre-tension (16.7 N) 

with O knot  
6) The knotted polypropylene yarn without bitumen with pre-tension 

(16.7 N) with the Square knot  
7) The knotted polypropylene yarn without bitumen with pre-tension 

(16.7 N) two strands with the Weaver knot 
8)  The knotted polypropylene yarn without bitumen with pre-tension 

(16.7 N) with the Fisherman’s  knot 
9) The knotted polypropylene yarn without bitumen with pre-tension 

(16.7 N) with the Overhead knot 
10) The knotted polypropylene yarn without bitumen with pre-tension 

(16.7 N) at -5 ° c  
11) The polypropylene yarn without bitumen with pre-tension (16.7 N) 

at +60 ° c 

4.3.2     TRAPEZIUM X Software Setup 

1) Turn on the tensile test machine. The black switch is on the side 
right of the tensile test machine because when tensile test machine is 
switched on, TRAPEZIUM X is can start to work. 

2) Go to the desktop and open the TRAPEZIUM X icon. 
3) choose a new method which create the method categorize to several 

steps  
4) The setup system part, as it is shown in Figure 4.4, can be started by 

choosing Unit. And the SI system is selected for the unit. Forces 
(N), Stress (cN/tex), Strain (%), Modulus of Elasticity or Elastic 
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(cN/tex) have been selected in the Figure 4.4. In jigs part, Force 
direction should be selected in up direction. 

 
 

Figure 4.4: The setup system part  
 

5) In setup sensor part, as it can be observed in Figure 4-5, Force and 
stroke are accepted as two main variables which 10000 N is the 
default value for Force.   

 

Figure 4.5: The setup sensor part  

6) In setup testing part, clearly, one of the most important variables in tensile 
test machine is speed. As reported by ASTM D2256 Standard, the speed 
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of stroke is 300 mm/min. as it can be seen from Figure 4.6, obviously, the 
tensile test without per-tension, Disp and Origin are preferred to be 
selected in start or zero point. 
In the tensile test with pre-test, explained earlier, the per-test load is 
calculated by linear density of yarn. Consequently, Per-tension for 
Polypropylene yarn without bitumen is 16.7 N as illustrated in Figure 4.7. 

       It was realized that in order to get better result in the graph and to find     
accurate Max.-Force and Break-force should input 50% value in to the 
Break- Detection part. 

 

Figure 4.6: The setup testing part  

 

Figure 4.7: The setup testing part  



35 
 

7) In Setup specimen part, specifications of material are acquired 
manually in specimen part, the setting is described in this part 
.Pursuant to Figure 1-8, plastic material is defined in material part 
and the yarn is selected in the shape part .Ten numbers of batch are 
entered. Basically ,the specimen sizes of  the yarn could  be 
specified by the liner density of yarn(D= 3440 Tex) and gauge 
length (L=250 mm) which are shown in following  figure:  

 

Figure 4.8: The setup specimen part  

8) In setup data, processing items focused on determining parameters 
of yarn in keeping with Force-strain graph, data processing part 
related to characteristics of yarn which are explained and illustrated 
with items: Break-Strain, Modulus of Elasticity (Elastic) , Break-
Force ,Max-Force, YS1-Force  
On the other hand, statistic part includes Average, Maximum, 
Minimum, Median, Average + 6 sigma, Average -6 sigma 
Since the tensile test samples are ten, according to ASTM D2256, 
the values of each sample are not close to each other. It is expected 
to use statistic part to take a better result, as an average number of 
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samples, to find exact value of data, and page setup is depicted in 
Figure 4.9: 

 

Figure 4.9: The data processing part  

9) In setup charts and report parts, select what data should be 
illustrated and how it should be displayed. Figure 4.10 and 4.11 
show charts and report setup page: 

 

Figure 4.10: The chart setup part  
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Figure 4.11: The report setup part  

4.3.3     Instrument Setup 

1) To calibrate the tensile test machine by right clicking on the special 
section. Force and stroke numbers are shown in TRAPEZIUM X 
software. 

2) Install the  appropriate type of grips for the testing and they are required 
to be jointed with proper screws and pins ,the clamps would be shown 
in the following Figure 4.12 :      

 

Figure 4.12: The clamps of tensile test 
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On the other hand as Figure 4.13, observing the effect of plastic washer for 
avoiding slippage in the grips and yarn, it is used between the grips and pp 
yarn. 

As far as we know, there are different types of grips in yarn testing which 
the pneumatic grips and mechanical grips are the most popular grips in 
testing. It is worth mentioning that   one of the most advantages of 
pneumatic grips is avoiding from slippage between pp yarn and grips 
because of yarn are fixed with same pressure in grips and without using 
hand for fastening, however, the specimens were gripped with mechanical 
grips in ABB laboratory which mechanical grips were included in tensile 
test machine.  

 

Figure 4.13: The plastic washer for fastening the yarn in the grips for 
decreasing of slippage 

3) Press the up and down button on the controller in order to be adjusted 
the grips as gauge length and clamps would be possible to be zero in 
this position (distance between the grips is as gauge length in this 
position, gauge length is 250 mm).The controller is depicted in Figure 
4.14: 

Figure 4.14: The controller 
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4) To place the pp yarn Specimens between the grips in the tensile test 
machine, it is required to be tied as tightly as possible to avoid of 
slippage between the pp yarns and grips.  
 

5) Visually find out that the specimen is fastened symmetrically, 
especially, the specimen with knot which knot would be exposed at the 
middle of the pp yarn.    

4.3.4     To do tensile test  

1) Click on the start button. Upper grip to be able to move and far away 
from lower grip (fix) and take this note, tensile test machine will be 
automatically stopped when the specimen fails. 

2)  Two figures will be plotted simultaneously in TRAPEZIUM X 
software, a plot of Force (N) versus strain (%) and another plot is 
tensile stress (cN/Tex) versus strain (%) in the real time during the 
experiment. 

4.3.5     End of the tensile test: 

1) The tensile test will be stopped automatically when the specimens are 
broken. 

2) Press the Return button on the controller, suddenly, upper grip will be 
returned to zero position automatically. 

3) Open the grips and remove the specimen from the grips. 
4) Mount new specimen in the grips. 
5) Save the data when testing is finished. 
6) Clean up the machine and turn off the machine.    

4.4     Tensile Testing with O Knot  

It should be noted that it is reasonable to find mechanical properties of the 
knotted polypropylene which has been characterized at the middle of yarn 
(at the middle of gage length), the basic question is that “what is a 
advantage of tensile test with knot”. At production part, it has been found 
that the new polypropylene yarn hanks should be replaced with the old 
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hanks which are used at factory. It is clear that tensile test with knot is the 
best method for determining mechanical properties of the knotted 
polypropylene yarn.     

In accordance with ASTM D2256 Standard, the first guideline for the 
determination of the type of the knot was mentioned. Two types of the knot 
were found “O” knot and “U” knot. According to the orientation of surface 
of fiber to yarn axis Z twist or S twist, considering this it is recommended 
in the standard due to the polypropylene yarn is Z twist ”O” knot is chosen. 

To tie the type “O” knot, in this case bend the right hand end downward 
and bring it up behind the left hand end [ASTM standard] 

 

Figure 4.14: The O knot type 

 

Figure 4.15: The U knot type 
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The experimental setup with O knot is demonstrated in Figure 4.16 at 
tensile test grips: 

 

Figure 4.16: The pp yarn with the O knotted structure is fastened in the 
grips 

After tension loading, the specimens shape can be viewed as Figure 4.17: 

 

Figure 4.18: The pp yarn with the O knotted structure after tension loading  
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When the tensile is performed, the effect of O knot can be seen in Figure 
4.18.The knot behavior such as the stress raiser and the stress increase on 
that area so specimens deal with stress concentration of knotted point.    

As viewed in following Figures 4.19 and 4.20, the stress concentration can 
help failure happen in knotted structure. 

 

Figure 4.19: The failed pp yarn with O knotted structure   

 

Figure 4.20: The failed pp yarn with O knotted structure (extra sample)  
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5     Tensile test at Warm and Cold 
conditions 
5.1     Tensile test by MTS universal test machine 

An experimental is carried out for investigating mechanical properties of 
the Polypropylene yarn at the cold and warm condition which the main 
scope of the test is to determine tensile values of Modulus of elasticity, 
Maximum force and Elongation at Break and the result of tensile test is 
compared with Warm and Cold conditions. 

Tensile test machine is verified according to ASTM D2256 Standard at 
high temperature and low temperature. 

Tensile test specimens are used as a room temperature samples which 
variables are shown in the following table: 

Linear density Gage length Speed Pre -tension 
3440 250 mm 300mm/min  0.05 cN/Tex 

 

It should be noted that linear density for the Polypropylene yarn without 
bitumen is 3440 (N/tex), however, the linear density of inner layer (two 
sides bitumen) is 4397 (N/tex). 

The effect of temperature in mechanical properties is a purpose to find 
behavior of the Polypropylene yarn at warm and cold conditions; it can be 
mentioned that selecting for right temperature at worm condition, 60˚ 
centigrade is chosen while cables are transferred by ship and -5˚ centigrade 
is selected based on cold weather where the Polypropylene yarn could be 
simulated in the laying situation and under the sea, the right temperature 
selection will make testing more meaningful.  

Obviously, it is necessary to modifying temperature to 60˚ and -5˚ where an 
environmental chamber or temperature chamber is such as small room for 
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both conditions that it would be possible to test the Polypropylene yarn at 
60˚ and -5˚ degree of centigrade. [13] 

Worth mentioning as there was not a temperature chamber at HVC Lab 
ABB Karlskrona so tensile testing in the different temperatures is done at 
ABB in Vasteras.  

Tensile test is done by MTS universal tensile test machine- model 20MH -
with 100KN capacity which is shown in Figures 5.1 and 5.2: 

 

 
Figure 5.1: The MTS tensile test machine  
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Figure 5.2: The MTS tensile test machine with temperature chamber in 

details 

5.2      Testworks 4.11 c Build 967- software setup 

1) Turn on the tensile test machine  

2) Go to the desktop and open the Testworks 4.11 icon 

3) Choose a new method and create a new method  

4) To setup and input data in the software - mentioned in ASTM D2256 
Standard -the speed of stroke is 300 mm/min, the gauge length is  250 mm, 
and the pre-tension 16.7( N) for specimen without bitumen and 22 (N) for 
specimen with bitumen . Based on what tasks a user is interested to perform 
on the tensile test optional setup can be chosen. The setup page of 
Testworks software is illustrated in the following Figure 5.3:   
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Figure 5.3: The setup page of Testworks software 

5) Test result is plotted dynamically, allowing to the operator to see how 
test data is presented, plotted graph is illustrated in following Figure 5.4: 

 

Figure 5.4: The result graph in Testworks software  
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5.3      Instrument Setup at warm condition 

1) Equipping tensile test machine with appropriate tools for tensile testing 
at warm condition. 

2) Tensile test with temperature chamber illustrates different gripping 
situations, the issue focused on using fixture arrangement, consisting upper 
and lower fixture for fastening upper and lower grips inside of temperature 
chamber. Definitely, tensile grips are the preferred for safety installation, 
the following Figure 2.5 displayed upper and lower grips   

As can be seen in Figure 5.5, upper grip is movable and it is connected to 
fixture as a rod fixture which can be mentioned one advantage and 
disadvantage of this kind of fixture.  

The biggest advantage of the fixture is flexibility and lightness and it can be 
used in the limited space, however, its disadvantage is that it is not easy to 
fasten the specimen because the upper grip is turning when the specimens 
are being tied in the upper grip.   

 

Figure 5.5: The fixture and grips  
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3) To mount MTS load cell with 5KN capacity, adding essential point, 
there is the risk of overloading in the load cell if the capacity of load in 
tensile testing be close to capacity of load cell. 

4) Reduction of heat loss, energy efficiency and conservation has been 
installed by insulation materials in the proportional area of temperature 
chamber that the examples are ceiling, walls and floor. Insulation material 
is shown in following Figure 5.6: 

 

Figure 5.6: The insulation material  

5) It is favorable to warm up the furnace for one or two hours before 
starting tensile test. this provides enough time to reach to the ideal 
temperature soon .Temperature chamber can be adjusted by selecting 333 
Kevin in the screen of heat generator, reached to the 60˚ centigrade at the 
inside of the temperature chamber. 

It can be expressed that the following equation is to convert Centigrade to 
Kelvin.  

(5.1) 
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The following Figure 5.7 is illustrates how to adjust the temperature at the 
heat generator for to get to the 60˚ centigrade inside of temperature 
chamber.  

 

Figure 5.7: The heat generator   

6) The current temperature readings is displayed by testo temperature 
logger 177-T4. Also it can be possible to record and transmit data by 
connecting testo data logger by cable to computer and all required data and 
information are saved directly and securely in the testo 177-T4, 

The testo 177-T4 is shown in Figure 5.8 and 5.9: 

 

Figure 5-8: The testo temperature logger 177-T4 
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Figure 5-9: The position of testo temperature logger 177-T4 during testing 

7) The testo comfort software is used for analyzing, processing and 
reporting of the recorded data form testo 177-T4. 

Setting up the connection will be done as the following procedure: 

1. Start testo comsoft software  
2. Select Instrument –Autodetect or select Instrument –New device 

.(Figure 5.10) 
3. Select testo 175-177 in device selection and click on Next. .(Figure 

5.11) 
4. Select the interface in connection, it means, to connect data logger 

to the PC and click on Next. 
5. Enter a name for the connection and click on Finish. 

 

Figure 5.10:  Autodetect setup for searching the device automatically 



51 
 

 

Figure 5.11: The New device setup wizard  

6. To open the connection, click twice on the connection, if a 
covenant is saved in the data logger, the covenant title appears 
under the opened connection.[14]   

 

 

Figure 5.12: The window for opening the connection  

According to the view, to perform testo comfort software and transmit the 
data from data logger to PC, click on the highlighted part on the other hand, 
recorded data can be copied from test comfort software to Excel software 
by using Edit part in the toolbar. The testo comfort software is indicated in 
Figure 5.13 

 

Figure 5.13: The window for opening the connection 
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8) To establish a connection between temperature chamber and PC by a 
thermoelement type where the thermoelement is a temperature-measuring 
wire, it is commonly known that the thermoelement is joined to testo 
temperature logger with a special plug for transmitting the data. 

It is useful to know that the measurement data is simultaneously and 
automatically plotted in the testo software   

 

Figure 5.14: The Thermoelement types 

9) Press the up and down button on the controller in order to adjust the 
grips as gauge length and clamps will zero in this position (distance 
between the grips is as gauge length in this position, gauge length is 250 
mm).The controller is depicted in Figure 5.15: 

 

Figure 5.15: The controller  
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10) To place the pp yarn specimens between the grips in the tensile test 
machine, it is required to be tied as tightly as possible to avoid of slippage 
between the pp yarns and grips. 

5.4      Instrument Setup at cold condition 

Instrument setup at the cold condition has been done as same as the warm 
condition, significantly, to simulate cold condition; it has been used 
aluminum cooling blocks in temperature chamber, but it normally has 
temperature limitation at cold condition because cooler generator has not 
been utilized in the temperature chamber.  

Even though cooler generator is not included in temperature chamber, it 
needs to reduce the temperature in the temperature chamber by cooling 
aluminum blocks so it can be possible to put aluminum blocks in freezer 
(Buch and Holm). 

At discussed earlier, the aim is to verify to -5˚ centigrade at cold condition, 
and however it would be accepted to close to -5˚ centigrade as much as 
possible. 

The majority of specimens are tested at about -5˚ centigrade, to test within a 
temperature range of -2 ˚ to -5˚ which the average of two testo temperature 
loggers are close to -5˚ centigrade. 

 

Figure 5.16: The testo software, shows the temperature of the temperature 
chamber with two temperature loggers 
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In accordance with Figure 5.16 temperatures are reported to testo software 
by two temperature loggers which is named  green line and  yellow 
line and it could be run the tensile test machine when two graph values will 
concordance approximately in 20 minutes to close to  -5˚ centigrade 

The cold condition setup inside of temperature chamber has been shown in 
following Figure 5.17, the cartoon package insulation is a great method to 
deal with energy loss and also save cold air in the box and reduce soaking 
time for reaching to -5˚ degree in the temperature chamber quickly. Also 
the paper insulation is such as barrier between cooling aluminum blocks 
and specimens. 

 

 

 

 

Figure 5.17: The cooling setup in temperature chamber 
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5.5     To do tensile test 

1) Go to the computer. Click on Test toolbar to see functional button in the 
testworks software. (Figure 5.18) 

2) Click on the return button ( ) to return upper grip to zero position. 

3) Click on the “Start” icon ( ) .the start testing window will appear and 
it is possible to mention a comment related to testing specimens and after 
that when click on Ok button or touch the Enter in the keyboard, test will  
run and the upper grip will move in the opposite direction of bottom grip.  

4) A plot will be generated in real-time during the experiment where X axis 
is Force (N) and Y axis is Stroke (mm) (Figure 5.19) 

Note: Be sure to wear safety shoes and the door of temperature 
chamber is closed. 

 

Figure 5.18: The functional button 
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Figure 5.19: The plot automatically is generated in the testwork software 

5.6      End of tensile test 

1) The machine will stop automatically when the specimen is broken. 

2) Remove the sample form the machine. 

3) Press the Return button in the digital controller. The upper grip will be 
returned to the zero position then adjust the gauge length by ruler again 
(250 mm) 

4) Repeat the test and run more samples and transmit data to Excel  

5) Save the data when testing is finished. 

6) Clean up the machine and turn off the machine. 
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6      The Results and Discussion 
As mentioned before, tensile test was subdivided to eleven types of 
specimens as it mentioned before they include: first, The polypropylene 
yarn without bitumen without pre-tension, second, The polypropylene yarn 
without bitumen with pre-tension (16.7 N),third, the polypropylene yarn 
with two sides bitumen (inner layer) with pre-tension (18.63 N),fourth, the 
polypropylene yarn with one side bitumen (outer layer) with pre-tension 
(21.98 N),fifth, the knotted Polypropylene yarn without bitumen with pre-
tension (16.7 N) with the square knot ,sixth, the knotted Polypropylene yarn 
without bitumen with pre-tension (16.7 N) with the Weaver knot , seventh, 
the Polypropylene yarn without bitumen with pre-tension (16.7 N) with O 
knot ,eighth , the knotted Polypropylene yarn without bitumen with pre-
tension (16.7 N) with the Fisherman’s knot, ninth, the knotted 
Polypropylene yarn without bitumen with pre-tension (16.7 N) with the 
overhead knot, tenth, the Polypropylene yarn without bitumen with pre-
tension (16.7 N) at -5 ° C ,eleventh, the Polypropylene yarn without 
bitumen with pre-tension (16.7 N) at +60 ° C . 

This discussion depicts that how the method presented here could be used 
in comparison tensile test with and without per-tension. Tensile test with 
per-tension is defined for avoiding of slippage in grips and for being sure 
about similar initial force for fastening the specimens in grips, besides, all 
specimens will be started at the same point.  

All graphs are included ten samples with the same offset with each other. 
The first one starts from zero position and others are offset by 0.5 in the 
tensile test machine .It is quite useful to refer to the tables for finding the 
exact number of strain. 

The Force-Strain graph for the polypropylene yarn without bitumen and 
without per-tension is shown in Figure 6.1.The Stress-Strain graph also is 
indicated in Figure 6.2 for ten samples which have been repeated for the 
accuracy matter. 
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The data is presented in Table 6.1 which is directly reported from 
Shimuadzu tensile test machine  

The tensile properties of polypropylene yarns are obtained by pulling a 
specimen, in what follows, it is useful to define the load per unit of area 
(stress), generally, using the stress formula   which the unit of F is (N) 
and the cross-section A is (mm). But in tensile test of yarn ,the unit for 
stress is  or  , this should be kept in mind that exact cross-section or 
diameter  of yarn is not possible to be found accurately ,then formula is 
explained as   where  is liner density of the polypropylene yarn 

  also according to Figure 6.2 the 

unit of stress is  which is  . 

As can be seen from figures above it is apparent that Force-Strain graph is 
as same as Stress-Strain graph in the shape. Moreover, they are different in 
the units in y axis. 

The data form tensile test has been shown in Table 6.1 from Force-Strain 
diagram   

 

 

 

 

 

 

 



59 
 

6.1.1     The polypropylene yarn without bitumen and 
without per-tension 

 

Figure 6.1: The Force-Strain polypropylene yarn without bitumen and 
without per-tension 

 

Figure 6.2: The Stress-Strain polypropylene yarn without bitumen and 
without per-tension 



60 
 

 

Table 6.1: The data of polypropylene yarn without bitumen and without 
per-tension 
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6.1.2     The polypropylene yarn without bitumen 
with per-tension 16.7 

The Force-Strain graph for the polypropylene yarn without bitumen and 
with per-tension is presented in Figure 1.3 and The Stress-Strain graph for 
the polypropylene yarn without bitumen and with per-tension demonstrated 
in Figure 6.3: 

 

Figure 6.3: The Force-Strain graph of the polypropylene yarn without 
bitumen and with per-tension (16.7 N) 

 

Figure 6.4: The Stress-Strain graph of the polypropylene yarn without 
bitumen and with per-tension (16.7 N) 



62 
 

The data form tensile test has been shown in Table 1.2 from Force-Strain 
diagram: 

Table 6.2: The values of the polypropylene yarn without bitumen and with 
per-tension (16.7) 



63 
 

6.1.3     The polypropylene yarn with bitumen Inner 
layer  

In this specimen, with two side bitumen with per -tension (inner layer), 
experimental graph (Force-Strain graph) can be seen from Figure 6.5: 

 

Figure 6.5: The Force-Strain graph of polypropylene yarn with bitumen and 
with per-tension (16.7 N) 

The graphs shows the results obtained for the polypropylene yarn of inner 
layer with bitumen which Stress-Strain graph is plotted in Figure 6.6: 

 

Figure 6.6: The Stress-Strain graph of inner layer with bitumen and with 
per-tension (16.7 N) 

The measurement data of tensile test, inner layer with bitumen and with 
pre-tension are illustrated in Table 6.3: 
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Table6.3: The values of the polypropylene yarn inner layer with bitumen 
and with pre-tension (16.7 N) 
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6.1.4     The polypropylene yarn with bitumen Outer 
layer 

Test specimens were implemented on outer layer (one side bitumen) with 
pre-tension (16.7). The determined values (Force-Strain) are shown in 
following Figure 6.7: 

 

Figure 6.7: The Force-Strain graph of outer layer with bitumen and with 
per-tension (16.7 N)                                                                                                                                       

As can be seen, Stress-Strain graph of outer layer with bitumen is shown in 
Figure 6.8: 

 

Figure 6.8: The Stress-Strain graph of outer layer with bitumen and with 
per-tension (16.7 N) 
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 Values of tensile test on outer layer with bitumen are extracted from 
experimental test; the results are displayed in Table 6.4: 

 

Table 6.4: The values of the polypropylene yarn of outer layer with bitumen 
and with pre-tension (21.98 N) 



67 
 

6.1.5     The polypropylene yarn without bitumen 
with O knot 

The Force-Strain graph is plotted in Figure6-9: 

 

Figure 6.9: The Force-Strain graph of the polypropylene yarn with the O 
knot, without bitumen and with per-tension (16.7 N) 

Also the Stress-Strain graph is shown in Figure 6.10: 

 

Figure 6.10: The Stress-Strain graph of the polypropylene yarn with the O 
knot, without bitumen and with per-tension (16.7 N) 
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Values of tensile test with the O knotted structure without bitumen and with 
per-tension 16.7 (N) are obtained from experimental test; the results are 
demonstrated in Table 6.5: 

 

Table 6.5: The values of the polypropylene yarn with the O knotted 
structure without bitumen and with pre-tension (21.98 N) 
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The determined value of modulus of elasticity of the polypropylene yarn is 
directly obtained from the TRAPEZIUM X software, in this regard, the 
modulus of elasticity (Young’s modulus) is a martial characteristic which is 
defined from by Stress-Strain graph, additionally, stress is expressed as 
force per unit of area and strain is changing the size of martial because of 
the applied force, the following equations are related to stress-strain: 

                       

                         

 Moreover, when external forces-axial forces- are applied in a material, it 
will elastically deform, it means, if applied force eliminates, it does not 
change in atoms and molecules of the martial. On the other word, if applied 
forces eventually become too big, it can be seen that plastic behavior of the 
martial and plastic behavior cause irreversible damage to the specimens. To 
investigate more on this, stress correlates to strain directly; it relates to the 
Hook’s Law: 

                        

Where  

 

 

 

The modulus of elasticity, it can be written from the Hook’s Law: 

 

As it mentioned earlier, stress can be calculated for diverse formulas for 
several kind of loading. 
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The definition of what is strain as the change of length divided by original 
length: 

 

Where  

 

 

 

 

6.2    The graphical detection of the Young’s modulus   

It is important to notice that the elastic modulus of a material is described 
as the slope of the Stress-strain curve in the elastic deformation region [1]; 
it is clearly not possible to find Young’s modulus directly from Stress-strain 
graph, so at the first sight, the criterion for finding Young’s modulus can be 
proposed to express the relationship of diverse strain in the following 
Figure 6.11:    

 

Figure 6.11: The graphical detection of Young’s modulus 
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According to figure 6.11 we can extract Young’s modulus by using the 
following formulas  

 

Where  

 

 

There are two various parts which can be recommended graphical 
correlation among total strain, permanent strain and elastic strain 

In part one (0-1) linear portion of Stress-Strain diagram  

 

In part two (1-2) the plastic regime of the material is 

 

The main purpose of the present investigation is to introduce a technique to 
determine Young’s modulus even though the loading is in the unlinear part 
of Stress-Strain graph. But it is not possible to calculate with total measured 
deformation, we should unload the material and after unloading, calculate 
deformation in loaded and unloaded. 

As a point of view about calculating modulus of elasticity as a graphical 
determination, the first sample of tensile test specimen without bitumen 
without pre-tension is selected and plotted in the Microsoft Office EXCEL, 
more accurate diagrams can be plotted as following Figures 6.12, 6.13:        
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Figure 6.12: The Force-Strain graph of the polypropylene yarn without 
bitumen and per-tension 

 

The value of elasticity modulus which is directly extracted from software is 
shown in the below: 
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Figure 6.13: The Stress-Strain graph of the polypropylene yarn without 
bitumen without per-tension 

Conventionally, it can be apparent that stress axis units are determined in 
two units, 

Engineering stress unit and specific stress unit, considering in engineering 
stress based on cross-sectional area   where   and unit are  

 . Additionally, conforming to the specific stress, the formula is  

  , where  is linear density of yarn and unit is . 

In the following, it is not very convenient to work with specific unit ( ) 
and it could usefully represent Stress-strain with engineering unit, before, 
the relationship between engineering unit and specific unit are accompanied 
with the following equation, from engineering to specific unit : 

 



74 
 

 

Where  

 

It is tempting to define exact density of the Polypropylene yarn; however, 
as discussed before, the density depends on diameter on the yarn which it is 
not so easy to find correct diameter of the yarn by Caliper or Micrometer, it 
is worth mentioning that the optical method can be measured the variations 
in the diameter of yarn and it is a relevant method to find evenness of yarn. 
The method is shown in Figure 6. 14: 

  

Figure 6.14: The optical method for finding absolute diameter of the yarn 
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To observe that it is difficult to gain density of the yarn, it would be 
possible to use typical brochure engineering properties of polypropylene to 
find density of the yarn. 

 

The density of polypropylene material is extracted as the following Table 
6.6: 

polypropylene English Unit SI Unit 
Density 56.1-57.4  0.898-920 g/  

 

Table 6.6: The density of the polypropylene martial in SI and English unit   

The outcome is Stress-Strain graph which is depicted in the figure 6.15 by 
using Mpa unit for stress axial.   

 

Figure 6.15: The Stress-Strain graph, in accordance with stress unit is Mpa 
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According to the Figure 6.11, from point 0 until 1 (part one) the 
polypropylene yarn behaves as linear elastic and point 2 is called the yield 
point and shows initial point of plastic deformation. The corresponding 
stress and strain graph is named yield strength and elongation at yield.   

The yield strength can be found by drawing a parallel line to the linear part 
of the Stress-strain curve, the line should be offset by 0.002 or 0.2% which 
the position of line interaction is well known yield point as is shown in 
Figures 6.16 and 6.17: 

 

Figure 6.16: The yield point in the Stress-strain graph 

 

Figure 6.17: The zoomed yield point in the Stress-Strain graph 
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As commented upon, the value of modulus of elasticity is automatically 
extracted from software. It is not possible to find this value unless we have 
input two numbers in the software where constructing a straight line 
parallel to linear part in Force-Strain graph. It is considerably complicated 
to analyze where line in was quite linear between input numbers, assuming 
that, line between 400-800 N in Force-Strain graph is absolutely linear  and 
tensile test is carried out with this range ,however, it can be more clear 
when Force –Strain has been plotted in the following figure 6.18 again with 
input numbers: 

 

Figure 6.18: The Force-Strain graph with highlighted area with input 
number  

To validate the result, young’s modulus can be obtained as the slope of the 
Stress-Strain curve in elastic deformation, the equation can simply be 
calculated from the Stress-Strain and based on values which are taken from 
the graph is substituting in the equation,  by using this equation the 
illustration below, the value modulus of elasticity is  :  
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(6.12) 

Where  

( ), ( ) are points from linear part of Stress-Strain graph 

Stress-Strain graph is plotted is following Figure 6.19: 

 

Figure 6.19: The Stress-Strain graph with the values in linear part 

To compare two gained numbers, take a look in values in following chart, it 
can be understood that the results are approximately as same as each other 
and the input number in TRAPEZIUM X software was absolutely correct. 

 

Young’s modulus TRAPEZIUM X 
software 

Stress-Strain graph 

E(cN/Tex) 181,557 179.18 
Table 6.7: The Young’s modulus 
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6.3    The Results and Discussions at Warm 
Condition 

Tensile tests at warm and cold condition and with different knots were 
performed to obtain the modulus of elasticity, maximum force and Force-
Strain graph and Stress- Strain graph for the Polypropylene yarn. 

The Force-Strain diagrams are plotted from the data collected, form tensile 
test machine. Furthermore, Stress-Strain diagrams are plotted and the 
modulus of elasticity is calculated by obtaining the slope of Stress-Strain 
diagrams.     

Also it can be mentioned that tensile testing results will be valuable for 
future to improve the characteristics of the polypropylene yarn. Or data on 
tensile properties is widely accessible to select most appropriate materials 
instead of the polypropylene yarn and several useful parameters cab be 
obtained.    

6.3.1    The polypropylene yarn without bitumen at 
60˚and per-tension 

The results of tensile test at warm condition are shown in following Force-
Strain graph in Figure 6.17 and Stress-strain graph in Figure 6.18:     
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Figure 6.17: The Force-Strain graph of the polypropylene yarn, at warm 
condition 60˚ c, without bitumen with pre-tension 16.7 (N) (The pp yarn 

with Black color) 

 

Figure 6.18: The Stress-Strain graph of the polypropylene yarn, at warm 
condition 60˚ c, without bitumen with pre-tension 16.7 (N) (The pp yarn 

with Black color) 



81 
 

 

The table 6.8 is tensile test data according to the warm condition 60˚c and 
without bitumen with pre-tension 16.7(N), Black color yarn 

 

Name 
Parameters 

Unit 

Break-Strain 
(%) 

Elastic 
(cN/tex) 

Max_Force 
(N) 

Time to 
Break 

(s) 

1 17.3730 128.19 784.338 10.5 
2 18.3331 140.37 888.048 11.4 
3 16.2906 132.95 745.288 10.2 
4 16.5620 130.016 762.788 9.8 
5 19.6940 123.63 843.737 12.5 
6 19.8925 122.205 829.037 11.4 
7 15.5841 122.46 672.989 9.1 
8 18.4274 119.59 752.871 11 
9 19.0615 125.58 818.749 11.4 
10 18.9617 116.189 775.788 11.5 

Average 18.0180 126.118 776.176 10.88 
Maximum 19.8925 140.37 888.048 12.5 
Minimum 15.5841 116.189 672.989 9.1 

Table 6.8: The values of the polypropylene yarn without bitumen and at 
warm condition (60˚ c)-Black yarn 

6.3.2    The yellow polypropylene yarn without 
bitumen at 60˚and with per-tension 

Similar tests are done by the polypropylene yarn with yellow color for 
searching tensile test properties in another color and due to shortage of 
time; it has been tested only three samples of pp yarn with yellow color, 
Force-Strain and Stress-Strain graphs are illustrated in Figure 6.19 and 
Figure 6.20:    
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Figure 6.19: The Force-Strain graph of the polypropylene yarn, at warm 
condition 60˚ c, without bitumen with pre-tension 16.7 (N) - (The pp yarn 

with Yellow color) 

 

Figure 6.20: The Stress-Strain graph of the polypropylene yarn, at warm 
condition 60˚ c, without bitumen with pre-tension 16.7 (N) - (The pp yarn 

with Yellow color) 
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The chart 6.9 is presents that tensile test data relates to warm condition 60˚c 
and without bitumen with pre-tension 16.7(N), the pp yarn with yellow 
color: 

Name 
parameters 

Unit 

Break-Strain 
(%) 

Elastic 
(cN/tex) 

Max_Force 
(N) 

Time to 
Break 

(s) 
1 18.9725 110.94 732.898 11.1 
2 18.2514 112.38 738.638 11.2 
3 21.7667 113.65 798.087 12.5 

Average 19.6635 112.32 756.541 11.6 
Maximum 21.7667 113.65 798.087 12.5 
Minimum 18.2514 110.94 732.898 11.1 

Table 6.9: The values of the polypropylene yarn without bitumen and at 
warm condition (60˚ c)-Black yarn 

6.4     The Results and Discussions at Cold Condition 

6.4.1    The polypropylene yarn without bitumen at -
5˚and with per-tension  

Tensile testing are carried out at cold condition by the polypropylene yarn 
with and without bitumen (inner layer) for obtaining mechanical properties 
of the polypropylene yarn at the specified testing temperature which has 
been established to consider tensile test behavior on proposed temperature -
5˚ centigrade.  

As discussed earlier, it is seems to do tensile test at exact temperature, -5˚ 
centigrade. On the whole, the test has been authorized to be completed at 
temperature close to -5˚ centigrade because temperature chamber at cold 
condition is not included to cold air generator so it takes too much time to 
decrease the temperature until to reach to -5˚ c, on the other hand, the 
soaking time and temperature are significant to finish all tests with different 
specimens on available time. 



84 
 

 

Figure 6.21: The Force-Strain graph of the polypropylene yarn, at Cold 
condition -5˚ c, without bitumen with pre-tension 16.7 (N) 

 

Figure 6.22: The Stress-Strain graph of the polypropylene yarn, at Cold 
condition -5˚ c, without bitumen with pre-tension 16.7 (N) 
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Name 
parameters 

Unit 

Break-Strain 
(%) 

Elastic 
(cN/tex) 

Max_Force 
(N) 

Time to 
Break 

(s) 
1 10.1848 246.01 872.558 6.8 
2 10.7499 248.90 932.15 6.7 
3 11.2136 258.34 983.684 7.1 
4 12.4463 236.54 939.473 8 
5 11.3718 253.53 949.418 7.5 
6 11.8049 253.89 1017.971 7.5 
7 12.7005 259.119 1057.233 8.2 
8 11.3670 249.22 924.295 7.7 
9 11.9208 257.94 1010.34 7.3 

10 11.0282 251.09 923.285 6.9 
Average 11.4788 251.45 961.04 7.37 

Maximum 12.4463 259.119 1057.233 8.2 
Minimum 10.1848 236.54 872.558 6.8 

Table 6.10: The values of the polypropylene yarn without bitumen and at 
Cold condition (-5˚ c) 

6.4.2   The polypropylene yarn with bitumen at -
5˚and with per-tension  

 

Figure 6.23: The Force-Strain graph of the polypropylene yarn, at Cold 
condition -5˚ c, with bitumen (inner layer) and pre-tension 22 (N) 
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Figure 6.24: The Stress-Strain graph of the polypropylene yarn, at Cold 
condition -5˚ c, with bitumen (inner layer) and pre-tension 22 (N) 

Name 
parameters 

Unit 

Break-Strain 
% 

Elastic 
cN/tex 

Max_Force 
N 

Time to 
Break 

s 
1 17.1572 193.11 1402.194 10.4 
2 17.9445 192.41 1351.322 10.5 
3 17.04 200.49 1371.129 9.9 
4 12.9173 182.99 975.954 7.7 
5 13.1225 184.79 1046 8.3 

Average 15.6363 190.75 1229.319 9.36 
Maximum 17.9445 200.49 1402.194 10.5 
Minimum 12.9173 182.99 975.954 7.7 
Table 6.11: The values of the polypropylene yarn with bitumen (inner 

layer) and at Cold condition (-5˚ c) 
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The below Figures 2.25 and 2.26 are depicted behavior of the yellow 
polypropylene yarn in cold condition -5˚ and because of lack of the time 
only one sample was tested. 

6.4.3   The yellow polypropylene yarn without 
bitumen at -5˚and with per-tension  

 

Figure 6.25: The Force-Strain graph of the yellow polypropylene yarn, at 
Cold condition -5˚ c, without bitumen with pre-tension 16.7 (N) 

 

Figure 6.26: The Stress-Strain graph of the yellow polypropylene yarn, at 
Cold condition -5˚ c, without bitumen with pre-tension 16.7 (N) 
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Name 
parameters 

Unit 

Break-Strain 
(%) 

Elastic 
(cN/tex) 

Max_Force 
(N) 

Time to 
Break 

(s) 
1 9.40008 230.81 6.4 11.2 

Table 6.12: The values of the yellow polypropylene yarn without bitumen 
and at Cold condition (-5˚ c) 

6.5    The Results and Discussions at Cold Condition 
with different knots 

It shows the issue that in the production part when the skeins of the 
polypropylene yarn are used, it should be replaced by the new ones, so it is 
apparent that two strands of the polypropylene should be tied by knot. 

Now in this part, the different tensile test properties of knotted have been 
considered by four types of knots which are named the overhand knot, the 
square knot, the weaver’s knot and the fisherman’s knot. 

Slippage, untying and breaking are significant phenomena for the 
performance of knotted yarns. Tensile test is done on tied yarn and force is 
applied on the yarn such as shear force and finally the yarn is ruptured 
[15].It is highly desirable to avoid of slippage in the tensile test by knot, 
however, it could be said that it is possible to find the relevant condition for 
tensile test to avoid slippage. Firstly, the tensile test was setup in the room 
temperature and it has been seen too much slippage in sample on the 
knotted part, on the other words, it has been properly recognized that 
slippage is happened on the knotted part. In addition, at the end of test 
when the graph is automatically plotted in tensile test software, a big 
change in the graph is happened which relates to slippage. Finally, tensile 
test was setup in the cold condition, the influence of cold temperature on 
specimen -the apparent slippage of knotted part -has been disappeared 
.Hence, and mechanical properties of the polypropylene yarn with various 
knots are examined in cold condition -5˚c.    
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The tensile behavior of the knotted polypropylene yarn is influenced by the 
knot structures.  

6.5.1   The fisherman’s knot at -5˚c 

 

Figure 6.27: The Force-Strain graph of the knotted polypropylene yarn with 
the fisherman’s knot, at Cold condition -5˚ c, without bitumen with pre-

tension 16.7 (N) 

Figure 6.28: The Stress-Strain graph of the knotted yarn which is  knotted 
with the Fisherman’s knot, at Cold condition -5˚ c, without bitumen with 

pre-tension 16.7 (N) 
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Name 
parameters 

Unit 

Break-Strain 
(%) 

Elastic 
(cN/tex) 

Max_Force 
(N) 

Time to 
Break 

(s) 
1 18.1552 157.53            939.31 10.6 
2 15.3868 169.73 903.776 9.6 
3 14.9008 179.84 902.836 9 
4 16.5629 170.29 901.279 10.2 
5 15.5728 171.42 928.235 9.8 

Average 16.1157 169.76 915.087 9.84 
Maximum 18.1552 179.84 939.31 10.6 
Minimum 14.9008 157.53 901.279 9.6 

Table 6.13: The values of the polypropylene yarn, with the Fisherman’s 
knot and cold condition (-5˚ c) 

6.5.2     The weaver’s knot at -5˚ 

 

Figure 6.29: The Force-Strain graph of the knotted polypropylene knotted 
with the weaver’s knot, at Cold condition -5˚ c, without bitumen with pre-

tension 16.7 (N) 
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Figure 6.30: The Stress-Strain graph of the knotted polypropylene yarn with 
the weaver’s knot, at Cold condition -5˚ c, without bitumen with pre-

tension 16.7 (N) 

 

Name 
parameters 

Unit 

Break-Strain 
% 

Elastic 
cN/tex 

Max_Force 
N 

Time to 
Break 

s 
1 16.3253 194.98 961.635 9.9 
2 16.0196 174.07 934.785 9.7 
3 13.9877 208.92 955.635 8.7 
4 12.7900 194.25 895.392 7.9 

Average 14.7807 193.05 936.861 9.05 
Maximum 16.3253 208.92 961.635 9.9 
Minimum 12.7900 174.07 895.392 7.9 

Table 6.14: The values of the polypropylene yarn, with the weaver’s knot 
and cold condition (-5˚) 
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6.5.3     The overhand knot at -5˚c 

 

Figure 6.31: The Force-Strain graph of the knotted polypropylene yarn with 
the overhand knot, at Cold condition -5˚ c, without bitumen with pre-

tension 16.7 (N) 

 

Figure 6.32: The Stress-Strain graph of the knotted polypropylene yarn with 
the overhand knot, at Cold condition -5˚ c, without bitumen with pre-

tension 16.7 (N) 
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Name 
parameters 

Unit 

Break-Strain 
% 

Elastic 
cN/tex 

Max_Force 
N 

Time to 
Break 

s 
1 18.1925 159.8 858.27 11.2 
2 17.8468 142.85 762.968 10.3 
3 15.5531 157.48 810.718 9.6 
4 18.2141 145.37 826.04 10.7 

Average 17.4516 151.37 814.49 10.45 
Maximum 18.2141 159.8 858.27 11.2 
Minimum 15.5531 142.85 762.968 9.6 

Table 6.15: The values of the polypropylene yarn, with the overhand knot 
and cold condition (-5˚) 

6.5.4      The square knot at -5˚c 

 

Figure 6.33: The Force-Strain graph of the knotted polypropylene yarn with 
the square knot, at Cold condition -5˚ c, without bitumen with pre-tension 

16.7 (N) 



94 
 

 

Figure 6.34: The Stress-Strain graph of knotted of polypropylene yarn 
knotted with the square knot, at Cold condition -5˚ c, without bitumen with 

pre-tension 16.7 (N) 

 

Name 
parameters 

Unit 

Break-Strain 
% 

Elastic 
cN/tex 

Max_Force 
N 

Time to 
Break 

s 
1 13.4878 192.36 841.387 7.9 
2 14.9735 179.84 899.289 8.8 
3 14.2197 189.28 866.661 8.9 

Average 14.2270 187.16 869.112 8.5 
Maximum 14.9735 192.36 899.289 8.9 
Minimum 13.4878 179.84 841.387 7.9 

Table 6.16: The values of the polypropylene yarn, with the square knot and 
at cold condition (-5˚) 
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6.5.5     The O knot according to ASTM D2256 
Standard  

 

Figure 6.35: The Force-Strain graph of the knotted polypropylene yarn with 
O knot in the middle of the yarn, at Cold condition -5˚ c, without bitumen 

with pre-tension 16.7 (N) 

 

Figure 6.36: The Stress-Strain graph of the knotted  polypropylene yarn 
with O knot in the middle of the yarn, at Cold condition -5˚ c, without 

bitumen with pre-tension 16.7 (N) 
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Name 
parameters 

Unit 

Break-Strain 
% 

Elastic 
cN/tex 

Max_Force 
N 

Time to 
Break 

s 
1 14.1220 230.11 988.384 8.7 
2 13.4714 223.33 924.335 8.5 

Average 13.7967 226.72 956.359 8.6 
Maximum 13.4714 230.11 988.384 8.7 
Minimum 14.1220 223.33 924.335 8.5 

Table 6.17: The values of the polypropylene yarn, with the O knot and in 
the middle of the yarn at cold condition (-5˚) 

 

 

Figure 6.37: The polypropylene yarn with knot in Cold condition 
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6.6     The comparison of the polypropylene yarns 
with knots  

 

Figure 6.38: The comparison of the knotted polypropylene yarn in different 
samples 

 

Figure 6.39: The comparison of the Max-Force and the mean values of 
force in different samples 



98 
 

 

Figure 6.40: The Break-Strain comparison of different knotted samles 

 

Figure 6-41: The comparison of the mean value of Young’s Modulus of 
various knotted samples 
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A procedure provides a framework for finding the breaking force with 
dealing with others specimens, it can be seen that the difference between 
the breaking force and the maximum- force. The breaking force averagely 
is 50 N less than the maximum force when is compared by samples of the 
original yarn.  

It is better to find breaking force which is 50 N less than maximum-force, 
because it is essential to estimate the breaking force for obtaining the 
breaking tenacity of yarn by knots.    

The obtained values of the breaking force and the maximum force can be 
expressed in the following Tables 6.18, 6.19: 

Name of 
knot 

The 
Fisherman’s 

Knot 

The 
Weaver’s 

knot 

The 
Square 

knot 

The 
overand 

knot 
The 

Maximum 
Force(N) 

915 936 869 814 

Table 6.18: The values of the maximum-force of knotted polypropylene 
yarn 

Name of 
knot 

The 
Fisherman’s 

Knot 

The 
Weaver’s 

knot 

The 
Square 

knot 

The 
overand 

knot 
The 

Breaking 
Force(N) 

865 886 819 764 

Table 6.19: The values of the breaking force of knotted polypropylene yarn 

According to ASTM D2256 Standard, there is an equation for gaining of 
the breaking tenacity of the yarns  

 

Where  

B=Breaking tenacity -   
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F=Breaking force -CN 

T=Linear density –tex  tex  

The quantities of the breaking tenacity are show at the following Table 
6.20: 

Name of knot The 
Fisherman’s 

Knot 

The 
Weaver’s 

knot 

The 
Square 

knot 

The 
overand 

knot 
The Breaking 

Tenacity( ) 
25.1453 25.7558 23.8081 22.2093 

Table 6.20: The values of the breaking tenacity of knotted polypropylene 
yarn 

In this section, the work of rupture is obtained by integration of the area 
under the Stress-Strain curve until the breaking force and omitting the 
graph after the breaking force which area is computed by trapezoidal 
approximation of area and the values of work of rapture are represented at 
the following table by looking at various structures of knots. [16, 17, 18] 

Name of 
knot 

The 
Fisherman’s 

Knot 

The 
Weaver’s 

knot 

The Square 
knot 

The 
overand 

knot 
The work 

of 
rupture( ) 

196.4179 196.7820 158.0658 179.6232 

Table 6.21: The values of the work of rupture of knotted polypropylene 
yarn 

Also the specific work of rupture is calculated by the following equation: 
[16] 
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Name of 
knot 

The 
Fisherman’s 

Knot 

The 
Weaver’s 

knot 

The 
Square 

knot 

The 
overand 

knot 
Specific 
work of 

rupture( ) 

0.000228 0.000228 0.000183 0.000208 

Table 6.22: The values of specific work of rupture of knotted 
polypropylene yarn 

6.7 The comparison of the polypropylene yarns at 
room temperature: 

 

Figure 6.42: The comparison of the maximum force at Room temperature 

According to the Figure 6.42, the maximum force of the polypropylene 
yarn in the various types are compared which include: the pp yarn without 
bitumen without pre-tension 1212(N), the pp yarn without bitumen with 
pre-tension 1184(N), the outer layer is796 (N), the inner yarn is 1069(N).It 
can be seen that the Maximum -Force of outer layer is 32% less than the pp 
yarn without bitumen with pre-tension. 
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To analysis the behavior of outer layer, it would be possible to express that 
there is a great difference in the maximum force of the outer layer while it 
might be expected that this difference relates to quality of the outer pp yarn 
which is used to tensile test, based on the finding of maximum force in 
outer layer. It can be argued that the pp yarn with bitumen directly has been 
separated from the cable and bitumen was soaked on the cable. The outer 
layer is extremely influenced by several things such as environment 
(sunshine), sheer forces which is created by the equipment when cable is 
transferred to the ships, when the outer is separated from the cable for 
testing, for those reasons outer layer was damaged. It is clearly seen that the 
tensile test machine suddenly is stopped while it is being tested by damaged 
yarn. Hence, the different can be seen between the situation and samples 
which have already been tested.  

 

Figure 6-43: The comparison of the Modulus of elasticity at Room 
temperature 
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In accordance with Figure 6.43, the modules of elasticity of the pp yarns 
with and without bitumen at room temperature have been obtained. The 
schematic diagrams illustrate the characteristics of the modulus of 
elasticity: the pp yarns without bitumen and per-tension is 193(cN/tex), the 
pp yarns without bitumen with per-tension is 186(cN/tex), the outer layer is 
174(cN/tex) and the inner bitumen is 140(cN/tex). 

 This is obvious from formula, explained as   where  is the liner 
density of the polypropylene yarn that, if the liner density increases, stress 
will decrease, it is generally recognized from the following formula   
when stress decrease, the modulus of elasticity will get a smaller number. 

 

 

 

Subsequently, according to the liner density of the polypropylene yarn, the 
linear density of the pp yarn without bitumen is 3440(tex), the outer layer is 
3727 (tex) and the inner layer is 4397(tex). Thus, the main reason that the 
inner layer has smaller value of the modules of elasticity is that inner layer 
has high value in the linear density because bitumen is mixed with the 
yarns. It has been understood that the bitumen properties can increase the 
value of the linear density; also it would be better to consider that   is 
linear density of the polypropylene yarn which directly based on the total 
weight of yarn 
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Figure 6.44: The comparison of Break-Strain at Room temperature 

The break-strain of the pp yarn without bitumen and pre-tension, without 
bitumen with pre-tension, with one side bitumen (outer layer) and with two 
sides bitumen (inner layer) are 22.4485 (%), 22.6186(%), 12.8291(%) and 
18.7871(%) respectively ,as shown in Figure 6.43. 

It is appropriate to summarize the outcome of the tensile test at the room 
temperature base on Break- Strain; the outer layer is approximately 30 % 
less than the pp yarn without bitumen. Additionally, as discussed above, the 
tensile test is done by damaged yarn form the outer layer; the damaged yarn 
affected on the Break-Strain as well as the Maximum-Force due to the fact 
that time to break is decreased. 
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6.8   The comparison of the pp yarn at warm, cold 
and room temperature without bitumen and with 
pre-tension 16.7 (N): 

 

Figure 6.45: The comparison of the maximum force at Room, Warm and 
Cold conditions 

 

Figure 6-46: The comparison of the Modulus of Elasticity at Room, Warm 
and Cold conditions 
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The effect of temperature in the pp yarn on tensile test is examined, When 
the pp yarn is undertaken at Room temperature, Warm condition  (60˚c) and 
Cold condition (-5˚c) . The results are illustrated; the values of Maximum- 
Force in Figure 6.45 and the values of the modulus of elasticity in Figure 
6.46 are shown. 

According to a procedure for obtaining the values of strain and stress at 
different conditions, it is possible to calculate thermal strain by the 
following formula:  

 

Where  

=Thermal strain 

=coefficient of thermal expansion 

 =the difference of the temperature   

Also  

 

The modulus of elasticity is the ratio of tensile stress to tensile strain:  

 

Expressing that   and  

Now substituting  and in   

 

It crystal clear that  decreases with temperature, hence the modulus of 
elasticity  increases, on the other hand, as  increases, accordingly of 
modulus of elasticity  decreases. 
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The comparison of the Maximum-Force at Room, Warm and Cold 
conditions, which the pp yarn without bitumen at Room, Warm and Cold 
condition is 1184 N , 776 N and 961 N respectively. 

It has obtained an acceptable value for the Maximum-Force at warm 
condition and the unreasonable value for the Maximum-value at cold 
condition might seem strange to the reality. 

There would be no physical interpretation why the Maximum-Force at cold 
condition is less than Room condition, however, it is possible to express 
that the Maximum-Force value at cold condition is impressed by Standard 
deviation-how data are close to the average value-the Standard deviation at 
cold condition is 54.60 and at Room condition is 96.36. 

The detailed statistical on data will be explained at part 6.10      

 

Figure 6.47: The comparison of Break-Strain at Room, Warm and Cold 
conditions 
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6.9    The comparison of the pp yarn cold and room 
temperature with bitumen and with pre-tension 16.7 
(N): 

 

Figure 6.48: The comparison of the Maximum Force at Cold and Room 
temperature with Bitumen 

 

Figure 6.49: The comparison of the Young’s Modulus at Cold and Room 
temperature with Bitumen  
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Figure 6.50: The comparison of Break-Strain at Cold and Room 
temperature with Bitumen 

In accordance with Figure 6.48, the following aspect will be discussed 
about properties of bitumen. At low temperatures, the structures of bitumen 
demonstrated as frozen state, it means, the molecules cannot move and 
bitumen has a high viscosity. Considering at warm temperatures, the 
molecules are able to move so the parts of the intermolecular bonds break. 
If the displacement of the molecules increases, subsequently, the viscosity 
of the bitumen decreases, whereas, at the high temperature bitumen behaves 
such a liquid. 

At low temperature, bitumen is similar to solid materials. It would be better 
to say that is resembled to brittle material. The transition between liquid 
and solid circumstances is fully changeable, thus, it could be possible to 
classify bitumen as a thermoplastic materials.    

As stated, bitumen generally behaves such as brittle materials at cold 
condition. Additionally, it will break without huge deformation (strain) 
when force is applied to specimens. 

It can be seen that from Figure 6.50, the Break-Strain at cold condition is 
15.6363 (%) while at room temperature it is 18.7881(%), On the whole, the 
bitumen influences on the cold condition. 
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6.10       The Statistical part on the tensile test data 

Tensile test is done with ten samples in each pattern so it is better to use 
statistical calculations for detailed comparison on the data. The statistic is a 
simple procedure to measure of some attribute of a sample, the statistical 
part deals with a numerical calculation to obtain the mean value, the 
standard deviation, the standard error of the mean (SEM) and median for 
estimating true values of parameters from sample of data. 

The mean value is obtained by dividing the sum of sample values by the 
number of samples as the following equation: 

  

The standard deviation shows an idea of how the data is close to the 
average value, in the other words; the data with a small standard deviation 
have tightly value and accurate data, the data with large standard with large 
standard deviation have wide range of values. The formula of standard 
deviation is shown at the equation (6.23) and there is a function for 
standard deviation at the Excel which is named STDEV (starting cell: 
ending cell). 

                  

The standard error of the mean (SEM) can be described as the standard 
deviation of the error in the sample mean with respect to the true mean. 
SEM is estimated by the sample estimate of the population standard 
deviation divided by the square root of sample size. [19] 
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Maximum-

Force 
(N) 

The pp yarn 
without 
bitumen and 
without pre-
tension 

The pp yarn 
without 
bitumen and 
with pre-tension 

The outer pp 
yarn with 
bitumen 

The inner pp 
yarn with 
bitumen 

1 1174 1202 745 1116 
2 1130 1232 817 1146 
3 1267 999 806 934 
4 1284 1155 828 1141 
5 1298 1141 875 974 
6 1237 1278 743 1160 
7 1173 1251 716 1134 
8 1234 1192 967 996 
9 1080 1029 765 999 
10 1037 1279 703 1094 

Standard 
deviation 

74.4793 96.3695 80.5981 84.2815 

SEM 24.8173 29.0565 25.4873 26.6521 
Median 1235 1202 785 1105 

The mean 
value 

1211 1184 796 1069 

 

   Table 6.23: The statistical values of the tensile test at Room temperature 

 

Young’s 
modulus  

The pp yarn 
without bitumen 
and without pre-
tension 

The pp yarn 
without 
bitumen and 
with pre-tension 

The outer pp 
yarn with 
bitumen 

The inner pp 
yarn with 
bitumen 

1 181 187 193 152 
2 188 192 205 155 
3 201 194 162 122 
4 205 189 181 148 
5 204 188 174 131 
6 194 171 158 136 
7 197 186 138 141 
8 170 184 194 141 
9 188 181 167 137 

10 198 180 172 140 
Standard 
deviation 

11.0171 7.7248 19.7702 9.7985 
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SEM 3.4839 2.3291 6.2524 3.0985 
Median 195.5 187 173 140.5 

The mean 
value 

192.6 186.5 174.4 140.3 

   Table 6.24: The statistical values of the tensile test at Room temperature 

 

Maximum-
Force 

(N) 

The pp yarn 
without 
bitumen at 
warm 
condition 

The pp yarn 
without 
bitumen at 
cold condition 

Young’s 
modulus  

The pp yarn 
without 
bitumen at 
warm 
condition 

The pp 
yarn 
without 
bitumen at 
cold 
condition 

1 784 872 1 128 246 
2 888 932 2 140 248 
3 745 983 3 132 258 
4 762 939 4 130 236 
5 843 949 5 123 253 
6 829 1017 6 122 253 
7 672 1057 7 122 259 
8 752 924 8 119 249 
9 818 1010 9 125 257 
10 755 932 10 116 251 

Standard 
deviation 

60.6021 54.6041 Standard 
deviation 

8.5952 6.8313 

SEM 19.1640 17.2673 SEM 2.7180 2.1602 
Median 779 944 Median 124 252 

The mean 
value 

786 961 The mean 
value 

125.7 251 

Table 6.25: The statistical values of the tensile test at Warm and Cold 
conditions 

 

Maximum-
Force (N) 

 Fisherman’s 
knot 

 Weaver’s 
knot 

 Overhand 
knot 

 Square 
knot 

 

1  939  961  858  841  
2  903  934  762  899  
3  902  955  810  866  
4  901  895  826  ----  
5  928  ----  ----  ----  
Standard  17.7002  29.8370  40  29.0918  
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deviation 
SEM  5.5973  9.4335  12.6491  9.1996  
Median  903  944  818  866  
The mean 
value 

 914  936  814  868  

Table 6.26: The statistical values of the tensile test of knotted 
polypropylene (Max-Force) 

Young’s 
modulus  

 Fisherman’s 
knot 

 Weaver’s 
knot 

 Overhand 
knot 

 Square 
knot 

 

1  157  194  159  192  
2  169  174  142  179  
3  179  208  157  178  
4  170  194  145  ----  
5  171  ----  ----  ----  

Standard 
deviation 

 7.8866  13.9880  8.5  7.8102  

SEM  2.4939  4.4234  2.6879  2.4698  
Median  170  194  151  179  

The mean 
value 

 169.2  192.5  150.75  183  

Table 6.27: The statistical values of the tensile test of knotted 
polypropylene (Young’s modulus) 

7   The finite element analysis of the Outer 
layer   
7.1     Defining of linear elastic material behavior 

It could be mentioned that total stress has been formulated in order to 
characterize elastic strain as: 

 

Where 

 True stress tensor 

Elasticity tensor 
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: Total elastic strain  

The number of symmetry plans impact on the elastic properties of 
materials. It is possible to classify martial according to symmetry plans 
namely, isotropic (an infinite symmetry plans passing every point), 
anisotropic (no symmetry plans) an orthotropic material (two orthogonal 
symmetry plans) 

 

7.1.1     Defining of the isotropic elasticity of material 

Furthermore, the isotropic martial are pursued Hook’s law, the specification 
of the isotropic material can be expressed by stress-strain relationship that 
is shown in the following equation: 

 

 

 

 

 

 

(7-2) 

Elastic properties are described in equation (7-2) where parameters are  
young’s modulus,  passion ratio and G shear force modulus can be 
represented as . 

To investigate stability criterion  and  has 
always been ascribed. 
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7.1.2     Defining of the orthotropic elasticity of 
material by assigning the Engineering constants: 

Based on determined the linear elasticity of orthotropic material by 
engineering constant, it is necessary to know three moduli   , shear 
moduli  and passion’s ratio  in three martial principle 
directions. 
Stress-strain relation collectively is represented in matrix form as: 

 

From discussion it is apparent that martial stability relationship at following 
equations: 
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7.1.3     The Defining of the orthotropic elasticity of 
material by assigning the elastic stiffness matrix: 

The description of stress-strain relationship of orthotropic material in the 
elastic stiffness matrix can be presented by nine independent elastic 
stiffness parameters as follow: 

                

Elastic stiffness parameters are expressed as the following matrix; also it is 
clear that matrix is symmetric. 

 

 

 

 

 

 

 

 

 

Where  
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The limitations of material stability which depend on the elastic constant 
are shown in the following mathematical statements: 

 

 

 

 

  

7.1.4    The defining of the anisotropic elasticity of 
material 

The anisotropic elasticity of material includes 21 independent elastic stiff 
parameters, the Stress-Strain relations are demonstrated as follow:  

 
It is now possible to analyze material properties of the polypropylene yarn 
with respect to tensile testing which has been done. Elastic stiffness 
parameters have been calculated in Matlab script and after that it would be 
possible to input them in the Abaqus software.  
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According to Figure 7.1, it has a better understanding of how to figure out 
material properties of the polypropylene yarn in the radial, hoop and 
longitudinal directions. 

 

Figure 7.1: The polypropylene yarn laid angle 

The polypropylene yarn is twisted around the cable and the lay angle is 70˚ 
degree. In consonance with Figure 7-1 the modulus of elasticity will be 
obtained as a line which is parallel to the mechanical properties of the pp 
yarn in the tensile test machine can be obtained which its value is 1.7 Mpa, 
first of all, the Cartesian coordinate system can be defined as X, Y axis is 
called the hoop and the radial direction respectively and longitudinal 
direction is along Z axes this way could be helped to find modulus of 
elasticity in the radial, hoop and longitudinal directions. The projection of 
Young’s modulus E is shown in Cartesian coordinate as follow: 

 

 

 

This procedure shows how to simulate material properties of the 
polypropylene yarn as orthotropic material with nine elastic stiff parameters 
in the Abaqus software , as it mentioned before, Matlab script code has 
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been written for calculating elastic stiff parameters which is shown as 
follow:[20,21] 

 

 

 

 
Figure 7.2: The material type selection as orthotropic material  
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7.2     Analytical modeling of outer layer  

According to Figure 7.3, the armoring can be classified into various 
categories with respect to the tension stability and production requirements 
where outer layers are exposed to tensional forces in transferring and 
coiling to the ship, laying dawn to the seafloor, also protection the cable 
against installation tools, fishing gear and anchors.  
The outer layers generally consist of two layers, two twisted layers of the 
polypropylene yarn, soaked with bitumen, and the single helical armoring 
layer or the double of helical armoring wires (DWA) which are stronger 
than single layer.  

 
Figure 7.3: The outer layer of submarine cable  

The analytical approach is used to find radial displacement  in helical 
layer where Figure 7.4 shows the axial rotation , the axial displacement  
and the normal and bi-normal directions   and  [22] 

 
Figure 7.3: The parameters of analytical calculation 
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The total linear strain equation of helical armor layer which is 
homogeneous and isotropic was published by J.Lanteigne  

    

Where  is lay angle and  is angular position of steel wire on the cross-
section; and are presented in the following Figure 7.4: 

 
Figure 7.4: The parameters of helical steel wire on cable 

In consonance with equation (7.11) with the assumption of all the strain 
parameters in helical wires are zero, expect the torsional strain; it can be 
possible to rewrite the equation 7-11 as follow: 

                   

       

Substituting Eq. (7.12) to (7.11) is defined by  

         

Simplifying Eq. (7.13) is obtained 
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The wire axial force is given by  

                 

 

Finally, can be expressed as  

 

                 

Where the pitch angle is  , the lay length is
, the cross-section area of one wire is   , the 

modulus of elasticity of steel wire is , the length of steel 
wire is 1m. 

It is assumed that the steel wires are twisted from   when the axial 
force is applied to the helical wire. Then the calculation is done in the 
Matlab and the result is demonstrated as the following Figure 7.5:  

 

Figure 7.5: The plotted force-deltafi/L graph  



123 
 

 As far as we know, the pp yarn is twisted around the steel wires, to find 
maximum force of the pp yarn in axial direction (when the pp yarn is 
ruptured), the tensile test has been done and the value of the maximum 
force in axial direction is 1212(N) 

The Eq. (7.11) and (7.16) prove that the wire axial force can be expressed 
in terms of five independent strain parameters where all strain parameters 
are zero except torsional strain  

Consequently, while outer layers, consisting of helical wires and the twisted 
pp yarn, are affected by the axial force. The pp yarns are ruptured when 
outer layers are twisted 0.11 rad. [23] 

(Matlab script is enclosed in Appendix B)  

In order to identify radial displacement  in the helical wires is based on 
the equilibrium equations for the helical wires. It can be written as the 
following equations: [22] 

 

 is displacement in the axial direction,  is the rotation angle,  is 
the bending angle at x axis,  is the bending angle at y axis ,  is the 
applied axial force, T is the torque,  is the bending moment ,  is 
the difference between the internal pressure  and external pressure 

and they are applied to the layers so  . 

The contact pressure equation describes how to obtain interlayer contact 
pressure for the helical armor. [22]  
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The stiffness matrix of helical armor can be calculated as the following 
equations: 

 

 

 

 

 

 

 

 

It would be better to point out the stiffness matrix in symmetric. 

                                                                                                        
7.2.1     Thin-walled cylinder 

As far as we know, submarine cables are consisted of different layers which 
outer the layers are considered at present work. In order to study the effect 
of the outer layers, the outer layer includes the polypropylene yarn which is 
twisted around steel wire, the steel wires which are made by high tensile 
material put the cable in compression and they reduce the hoop stress. 

 According to Figure 7.3, the concept of simplicity of outer layers, the 
coiled yarns and the helical steel wires can be assumed that such as a 
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cylindrical shell of thickness of outer layer has been replaced to coiled yarn 
or helical steel wire. 

In this case outer layers have been stated such as equivalent cylindrical 
shell with hoop, radial and longitudinal stresses which can be constructed 
by various shells pressure. 

Totally, the stresses are categorized in three groups: 

 Hoop stress or circumferential stress ( )  
 Longitudinal or axial stress ( ) 
 Radial stress ( ) 

1) Hoop stress: 
To consider a cylinder when the thickness  is perfectly less than   
of the diameter , it is renowned as a thin walled cylinder where the 
hoop stress describes as the stress in the radial direction of cylinder. 
In keeping with equations and Figure 7.2; hoop stress can be defined 
as follow [22]: 

 

 

        Acting force in radial direction can be calculated: 

 

       The cross-section area is  

  

      Consequently hoop stress is specified as 
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2) Longitudinal stress: 
To determine longitudinal stress which attempts to split along the 
length of cylinder, the force related to the pressure is  

 

        The cross-section area  

 

 

       The cross-section area is an imaginary rectangular. The length of         
rectangular is  and the width of rectangular is . 

       Finally, the longitudinal stress is delineated as:  

 

      Thus, the hoop stress is twice as large as axial stress  

         
 

3) Radial stress: 
At the theory of thin walled, cylinder can disregard the radial stress, 
the radial stress in compare with the hoop and the longitudinal 
stresses are too small. On the other words, the hoop and the 
longitudinal stresses are formulated as  which because of the 
order of , they are big numbers  is the order of  whereas  is 
fluctuated from   to 0. [24,25]                                                                             
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Regarding to the equation (7.18),  and  so 
the value of the pressure, acting to the pp yarn, has been obtained as 

  .  
 
The von misses stress distribution is depicted in Figure 7.6; it is 
1.957e09. The hoop stress is obtained by analytical formula as follow: 
  

 

 
Where  is internal pressure,  is the average of 
internal and external diameter, and  thikness of layer. 

 
Figure 7.6:  The hoop stress acting form steel wire to the pp yarn 

7.3     Buckling 

Buckling means” the original shape of structure when it is not able to 
tolerate the applied loads”. The original shape of structure tries to find new 
equilibrium condition. When topologies of structures have been buckled, 
instability on the buckled structures can be seen. 
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The structures will be started to buckle in the critical buckling load , 
however there are three different forms of equilibrium conditions according 
to value of the critical buckling load. [25] 

With consonance with Figure 7.7, it is seen how buckling can be occurred. 

 
Figure 7.7: The buckling examples 

 

1) Stable equilibrium: 
The critical load is a maximum pressure on the structure before they 
collapse.  The stable equilibrium model base on that the applied 
pressure is less than critical load  .So when the applied pressure 
removes from the structures; they turn to the original equilibrium. 

 

Figure 7.8: The stable equilibrium  

2) Neutral equilibrium: 
The applied pressure exactly equals to the critical load ; however, 
due to lake of elastic restoring force in neutral equilibrium, the 
structures are not able to return to the initial state.  
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     Figure 7.9: The Neutral equilibrium  

3) Unstable equilibrium: 
The unstable equilibrium means: the applied pressure is higher than 
critical load   .according to the magnitude of the applied pressure; 
perpetual deformation happens in the structures - the bent structures or 
collapsed structures.   

 

Figure 7.9: The unstable equilibrium  

7.4     Buckling analysis 

Buckling directly depends on the values of critical loads where each load 
has accompanied a buckled mode shape. Buckling analysis is performed at 
two types:  

1) Eigenvalue  
Theoretical buckling strength has been predicted by eigenvalue 
buckling analysis where is well-known as Euler buckling analysis, this 
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method for solving real-world buckling problem is not recommended 
because the value which is obtained is not so accurate.     

2) Nonlinear  
Accuracy of Nonlinear buckling analysis is more than eigenvalue 
method because of applying large deformation as a static analysis to 
anticipate buckling loads. The method follows the procedure which 
gradually increases the applied load where structure will become 
unstable. [25, 26] 

 

Figure 7.10: The description of the nonlinear buckling   

 According to Figure 7.10, it can be explained that nonlinear buckling 
appears at point A and the bifurcation buckling at point B, also the line 
OABC named per-buckling equilibrium path, the post-bifurcation is 
represented as BD which relates to the non-axisymmetric mode of 
deformation.   

As mentioned earlier, Eigenvalue buckling analysis can be calculated as 
equation follow: 

 

Where 

=Elastic Stiffness Matrix 
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=Eigen Vector 

=Eigen Value for Buckling Mode  

=Initial Stress Matrix 

The eigenvalue can be demonstrated as follow  

 
 

The ratio of the Buckling Load and Applied load are presented below: 

 The structure cannot be buckled under applied load. 

 The structure can be buckled under applied load. [25] 

7.5     Buckling of the thin cylindrical shells 

It can be possible to solve the equation of equilibrium for obtaining the 
critical shear stress of cylindrical shells where the equation of buckled shell 
under shear stress can be written as follow: 

 

Where x is axial direction and y the circumferential direction  

 
Figure 7.11: The parameters of thin cylindrical shell 
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The critical shear stress for cylinder is presented in the following equation: 

 

Where  

For simply supported cylinders  

  

For clamped edges cylinders  

   

Curvature parameter Z is shown as 

  

Where  

=Passions Ratio    

Inelastic-Buckling stresses for twisted cylinders can be found as 

 

It can be mentioned that  can be calculated as 

 

Where 

=Plasticity-reduction Factor 

=Elastic Poisson’s ratio  

=secant Modulus [27, 28, 29, 30, 31] 
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7.6  Abaqus Results 
7.6.1     The result of twisting outer layer-the pp yarn 
(The general static term at Abaqus software) 

In this part,yarn stresses are obtained in torsion.One meter of the outer layer 
subjected to torque ( )in the free end and another end is fixed such 
as contilever beam. 

The outer layer includes four layers, two bitumn layers with 1 mm tickness 
and two ploypropylene layers with 4 mm tickness. 

The maximum values of the von mises stress in the torsion is  . 

 
Figure 7.12: The stress of the polypropylene layer in torsion 
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7.6.2   The results of  Buckling Torsion Analysis in 
Abaqus 

 
Figure 7.13:The buckling torsion on the outer layer 

 
Figure 7.14:The buckled polypropylene lyaer-buckling torsion 
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7.6.3    The Results of Buckling Bending Analysis in 
Abaqus 

 
Figure 7.15:The buckling bending on the outer layer 

 
Figure 7.16:The buckled polypropylene layer –Buckling bending 
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8     Conclusions and Future work 
The outer layer of Submarine High voltage cables is made by 
polypropylene yarn which the polypropylene material is a protection 
against corrosion. In this study, the mechanical properties of the original 
and knotted polypropylene yarn are determined at Room temperature, 
Warm and Cold conditions. Various mechanical properties of the pp yarn 
can be obtained namely Maximum-Force, Break-Strain and Young’s 
Modulus etc. 

As discussed earlier, the pp yarn is twisted around the cable as protective 
layers; outer layer one side and inner layer two sides are soaked with 
bitumen.  

The tensile test specimens are classified at four main groups: first, the 
original pp yarn (manufactured at factory –without bitumen), second, the 
outer yarn specimens (one side bitumen), third, the inner yarn specimens 
(two sides bitumen), finally, the knotted polypropylene yarn specimens.      

At first, the tensile test is done by four samples at Room temperature, the 
polypropylene yarn without bitumen-without and with pre-tension, the 
outer and inner layer with bitumen and pre-tension. 

At the result part, the Maximum-Force is compared by the mean value of 
ten specimens, and the figure 2.42 shows the mean value of Maximum-
Force, the pp yarn without bitumen and pre-tension is 1212 N, The pp yarn 
without bitumen with pre-tension is 1184 N, the outer layer is 796 N and 
the inner layer is 1096 N. The reason that explains - the Maximum-Force 
value at the outer layer is less than other specimens- tensile test is done by 
damaged yarn because some fibers at outer layer specimens were damaged 
while they were separating from the cable so the tensile test machine was 
suddenly stopped at the first break of damaged fibers. 

It has been seen that environmental factors can influence on the mechanical 
properties of outer layer. 
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The comparison of the value of the young’s modulus of various specimens, 
the pp yarn without bitumen and pretension, the pp yarn without bitumen 
with pre-tension , the outer layer and the inner layer are  ,  ,  

  and   respectively.  

It is clearly seen the young’s modulus of the outer layer and inner layer, 
soaked with bitumen, are different from specimens without bitumen. 

It should be mentioned that the young’s modulus is the slope of the Stress-
Strain curve and stress is obtained by force per liner density of the 
polypropylene yarn   , then, because of bitumen the linear density of 
the pp yarn increases, stress will decrease and consequently, the young’s 
modulus will decrease. 

It is concluded that the stress of the inner layer calculates by linear density 
of the pp yarn with bitumen (  ,the young’s modulus is  , on 
the other hand, the stress of the inner layer calculates by liner linear density 
of pp yarn without bitumen (  - manufactured at factory),the 

young’s modulus is . 

The Break-Strain of the outer layer is 12.8291% which is approximately 
30% less than the pp yarn without bitumen. 

At Warm and Cold conditions, it can be contrasted with the values of data 
allocated for each condition where the values of the Maximum-Force of the 
pp yarn without bitumen at warm and cold conditions are 776 N and 961 N 
respectively. (Figure 6-45) 

The young’s modulus at cold condition ( ) is two times more than 

warm condition ( ). 

It can be clearly seen that the amounts of Break-Strain at cold and warm 
conditions are 11.4788% and 18.0180% respectively. 
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The improvement of breaking tenacity of the yarns have been studied for 
many years in yarn industry then, it is evident from Table (6 .19) the 
braking force of the weaver’s knot is 886 N which is highest values at the 
breaking force comparison. 

According to the values of the breaking tenacity  and the work of 
break  in the Table (6.20), (6.21); so it can be concluded that the 
weaver’s knot with breaking tenacity of is 25.7558   and the work of 
rupture is 196.7820 (J), the Fisherman’s knot with breaking tenacity of is 
25.1453  and the work of rupture is 196.4179 (J). 

It is worth stating that there is nominal difference between the weaver’s 
knot and the Fisherman’s knot at the values of the breaking tenacity  and 
the work of break . 

The more description for comparing of the rest of knots, it can be 
mentioned that the values of the work of break at the Overhand knot 
structure is 179.6232 (J) and the Square knot structure is 158.0658(J)  

It is evident from Table (6.22) that the values of the specific work of 
rupture for the weaver’s knot, the Fisherman’s knot, the Overhand knot and 
the Square knot are 0.000228 ( ), 0.000228( ), 0.000208 ) and 

0.000183( ) respectively. 

In the end, the tensile test behavior of the used structure knots can be 
expressed as: 

The weaver’s knot  the Fisherman’s knot the Overhand knot  the 
Square knot 
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8.1    Future work 

One part of thesis work that needs to be considered is the mechanical 
interaction between the cable armor(the steel wire) and the outer protection 
layer(the polypropylene yarn ).Regarding that there are some theoretical 
and practical methods to investigate the mechanical interaction of the steel 
wire and the polypropylene yarn, however, on the theoretical side, the FEM 
model has generated at 2D , as far as it is considered the polypropylene 
yarn is anisotropic material so the 2D FEM analysis has not gone to the 
meaningful solution of finding the mechanical interaction. It is better to 
express that the FEM method can be developed as a 3D model although the 
generated 3D model means huge calculation time and how sure the results 
are valid. 

The practical part, there is an experimental method to attend the mechanical 
interaction of the steel wires and the polypropylene yarn, a more convenient 
and more accurate method for obtaining of the torsional strains is provided 
by electrical strain gages [24] .The important parameters which must be 
considered for selecting a strain gage are type, the direction and resolution 
of the strain gage. 

Two different experimental tests can be carried out in the cable in the 
torsion. First, the cable with the outer protection layer (the pp yarn).Second, 
the removed outer protection layer of the cable for the purpose of obtaining 
of the interaction and the radial displacement between the steel wire and the 
polypropylene yarn layer.   

The method can be described as torque is applied to one meter of the 
submarine cable, at part one, the strain  gages attaches at the front of the 
steel wires by a suitable adhesive and the strain will measure after the 
torque is applied as shown in Figure 8.1. At part two, the experiment can be 
continued with removing the polypropylene yarn layer and the strain gage 
attaches at the same position used at part one as shown in Figure 8.2, the 
magnitude of the torque is 5˚ or 10˚ degrees. The strain gage takes data 
which is named torsional strain , the torsional strain obtains with the 
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torsional stress  divided by the torsional modulus of elasticity . The 
torsional modulus of elasticity  of the steel wire and the polypropelene 
are known when the torsional strain obtains with and without the 
polypropylene yarn layer, the torsional stress and the stiffness of the 
polypropylene can be attained. Also it is possible to obtain the radial 
displacement with the strain-displacement equation in the torsion by 
experimental method.  

 

 
 

Figure 8.1: The experimental setup with the polypropylene yarn layer   
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Figure 8.2: The experimental setup with the removed polypropylene yarn 

layer 
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A. Abaqus Procedure  
Run ABAQUS software and create new Model Database with 
standard/explicit Model 

As far as we know, ABAQUS has been consisted of ten modules in the 
drop-down menu Module which are introduced as follows: 

1) Part: defines the geometry of the model which is made to analysis 
in other parts. 

2) Property: defines materials and sections and assign the sections. 
3) Assembly: assembles the parts on the global geometry. 
4) Step: defines the analysis which should be carried out. 
5) Interaction: defines interactions and connections between the parts. 
6) Load: defines load and boundary conditions.  
7)  Mesh: nets the model into the finite element analysis. 
8) Job: defines the job to be implemented the analysis part. 
9) Visualization: indicates the results   
10)  Sketch: can be possible to be utilized as a simple CAD modeling 

for drawing.  

Defining the geometry 

 In the part module, , the model can be created 

by double-click in the part   .The create part immediately will 
appear as the following Figure A.1,the model is named Cylinder .it 
accepts the Modeling Space of 3D,Deformable ,Shell and Extrusion: 
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Figure A.1: The create part 

 
 Next step, click  Partition Face (Use Shortest Path between 2 points) 

and divide model to the two parts as follow Figure A.2: 
 

  
          Figure A.2: The partition Face selected point 
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Defining the material properties: 

The property module  is selected when the material 
properties of the model will be defined. 

 Click on the Create Material to specify new materials .The model 
consists of two materials -the Bitumen and the polypropylene. 
a) Select the name of Bitumen for the first material.   
b) Select Mechanical, Elasticity, Elastic and viscoelastic 

simultaneously.(Fig A.3) 
 

 
Figure A.3: The material type selction  
 

c) Input  young’s modulus  as 1160000 and passion’s Ratio as 0.2  for 
the Bitumen(Fig A.4) 
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Figure A.4: Input the Young’s modulus and the Poisson’s Ratio of Bitumen  

d) Define viscoelastic properties of Bitumen; choose Frequency on 
the Domain part and Prony constants to Frequency part.(Fig A.5) 
 

 
 

Figure A.5: The viscoelastic parameters of Bitumen 
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e) Select name of PP YARN for the second material.  
f) Select Mechanical, Elasticity, Elastic, orthotropic.(Fig A.6) 

 

 
Figure A.6: The values of polypropylene material on elastic part 

 

 Next, click on the Create Composite Layup  to assign the 
materials to the model. 

a) Select the name CompositeLayup-1  
b) Increase initial ply count to four. 
c) Choose the Conventional Shell, then click to Continue.(Fig A.7) 
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Figure A.7: Create composite layup 

 
d) The Edit Composite Layup will appear immediately. 
e) In the Layup Orientation, Change the Definition to Discrete.(Fig A.8)   
f) Assign section to the model, the Surface of the model can be selected 

as Normal axis and choose the Edge which is created in the part 
section as a Primary axis. 

g)  Click on the Plies tab, click on the Region part and select the model 
when color of the model changes to the red. Assign the material in 
order to the region to be chosen automatically and also put the 
thickness as 0.5 mm to Bitumen and 2.5 mm to polypropylene yarn. It 
can be continued by inputting the Rotation Angle 0,-70, 0, 70 to 
Bitumen, PP yarn (the lay angle counterclockwise), Bitumen, PP yarn 
(the lay angle clockwise) respectively. (Fig A.8 and Fig A.9) 
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Figure A.8: The composite layup edition  

 

 
 

Figure A.9: The composite orientation of layers 
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Creating an Instance 

It is now time to define the assembly part   

 Click on the   create instance and the following window Figure 
A.10 will appear, Independent (mesh on instance) should be selected on 
the Instance type part. 

 

 
 

Figure A.10: The create instance edition 

Defining the step analysis  

This is started by clicking on the  part 

 Use the  to establish a analysis step 
a) Change the name to Buckling on the step analysis. 
b) Change procedure type to Linear perturbation 
c) Select Buckle then press continue 
d) In the Eigensolver part, Lanczos is choosen. 
e) The number of eigenvalues requested box is fulfilled by 5. 
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Creating constraint 

Go to the   

At first reference point should be created at the Left end of cylinder which 
is clicked on the Tools then Reference Point at the top toolbar (Figure 
A.11) 

 

Figure A.11: The defined reference point  

Next step, it can be continued to create constraint by clicking on the   
icon. 

According to Figure A.12, coupling is chosen at the type part then press 
continue..  

Edit constraint window will appear by selecting up and down part of 
cylinder at the Left side where six degrees of freedom are constrained 
(Figure A.13)  
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Figure A.12: The coupling constraint  

 

Figure A.13: The constraint edition 
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Creating Load and Boundary condition 

Load and Boundary condition are defined on the  

It should be noted that buckling analysis is done on the torsion and bending 
which is named buckling-torsion and buckling-bending analysis.    

In the buckling-torsion analysis, moment is applied about the Z axis (Figure 
A.14) 

 

Figure A.14: The value of buckling torsion load  

Moment is applied about X axis in the buckling-bending analysis (Figure 
A.15) 

 

Figure A.15: The value of buckling bending load  
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At the Boundary condition part, Displacement/Rotation is selected and all 
degrees of freedom are constrained on the right side of cylinder. (Figure 
A.16, Figure A.17) 

 

Figure A.16: The boundary condition    

 

Figure A.17: The position of load and boundary condition   
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The Mesh Module  

The model is ready to be meshed, in the mesh module, click on the mesh 

control icon  then select Quad as element shape (Figure A.18) 

 

Figure A.18: The mesh control part 

The meshed geometry is shown as a follow: 

 

Figure A.19: The meshed geometry 

The Job Module 

To create the job for analyzing, the buckling-torsion and the buckling-
bending job, the next step, can be submitted the Jobs and getting the results 
[32] 
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B. MATLAB-Script 
clear all 
close all 
clc 
aw=pi/4;%(rad) 
alfaw=75.329; 
pw=2.472;%(m) 
E=200e9;%(Mpa) 
Aw=2.8*10^-5;%(m) 
DO=0:.01:pi/4; 
L=1;%(m) 
DO2=DO/L; 
Fw=E*Aw*(pw/(2*pi))*(sin(alfaw)).^2*DO2; 
plot(DO2,Fw,'r','linewidth',2) 
s=size(Fw); 
for i=1:s(1,2) 
    if Fw(i)>=1212 
        g=Fw(i-1); 
        t=i-1; 
        break 
    end 
end 
g; 
DO2(1,t) 
xlabel('deltafi/L(rad)','fontsize',14) 
ylabel('F(N)','fontsize',14) 
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C. The delivery certificate of pp yarn-Juta 
Company 
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