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ABSTRACT

This article deals with the study of thermal stress distribution in a tube made of polyvinyl chloride/ polystyrene material and subjected to internal pressure and mechanical load. The transition theory and generalized strain measure are used for finding the governing equation. Mathematical modelling is based on stress –strain relation and equilibrium equation. Analytical solutions are presented in a thick walled tube made of polyvinyl chloride and polystyrene materials. The effects of different pertinent parameters (i.e. temperature gradient, load and pressure) are considered for tube made polyvinyl chloride/ polystyrene material, The behaviour of stress distribution, pressure and thermal are investigated. From the obtained results, it is noticed that  value of pressure increases with increasing temperature  =0.0175 and decreases with increasing mechanical loads (i.e.  L0 = 0.1 and 0.2) at the internal surface of a tube made of polyvinyl chloride material and also in a polystyrene material for the initial as well as fully –plastic stage . The Theoretical results are validated by comparing them with those obtained by Gupta et al. [13] after performing some significant calculation examples.
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I. INTRODUCTION

Elasto-plastic analyses in thick-walled tubes have attracted a lot of interest due to their important applications in engineering, petrochemical industry,  agricultural irrigation, chemical industry, urban construction, and electric power industry. For structural use in bridges,  piling pipe, piers, roads, building structures, etc.  and also body transport in gas, steam, liquefied petroleum gas,  etc. The analytical solutions of stress distribution are given for idealized elasto-plastic by Timoshenko [2] and work hardening by Chadwick [3] for homogeneous materials. Bland [1] has analyzed the problem of thick- walled tubes subjected to uniform pressure and thermal gradient. Gamer et al. [4] achieved the analytical solution of stress distribution in rotating tube by using Tresca’s  yield condition. Bree [5] has discussed  plastic stress deformation in a closed tube due to the interaction and thermal stresses. Mufit et al.  [6] investigated thermal stress  distribution in a heat generating tube with yield stress by using Tresca's yield condition and its associated flow rule.  Xin et al. [7] studied elastic-plastic stress distribution in a functionally graded thick-walled tube subjected to internal pressure by using the assumption of a uniform strain field within the representative volume element and the Tresca yield criterion. Matvienko et al. [10] investigated elastoplastic deformation of dispersion-hardened aluminum tube under external and internal/ external pressure. After that, Matvienko et al. [11] examined mathematical modeling in a tube from dispersion-hardened aluminum alloy with inhomogeneous temperature field..Qian et al. [9] developed mechanical properties of highly efficient heat exchange tubes. Gupta et al. [8] has invested the elasto-plastic stress distribution  in a cylindrical tube made of steel/copper material and subjected to internal pressure and mechanical load by using transition theory and generalized strain measure. It has been observed , the value of pressure decreases with increasing mechanical loads. Now by applying mechanical load condition, hoop/ radial stress are increasing at the external surface of the contraction/extension region of tube. The objective of this article is to be investigating stress distribution in a thermo mechanical loaded tube made of PVC/ polystyrene material and subjected to uniform pressure. In this present study, we discussed the effect of stress distribution, pressure and Temperature gradient in the contraction and the extension region of a thick walled tube with mechanical loads by using transition theory and generalized strain measure.
  

II. MATERIALS USED 

A. Polyvinyl Chloride (PVC): Polyvinyl Chloride (PVC or Vinyl) is an economical and versatile thermoplastic polymer widely used in the building and construction industry to produce door and window profiles, wire and cable insulation,  pipes (drinking and wastewater), medical devices, etc. It is a good electrical insulation & vapor barrier properties, good dimensional stability at room temperature and low cost, flexible and high impact strength etc.

B. Polystyrene:  Polystyrene is a versatile plastic used to make a wide variety of consumer products. As a hard, solid plastic, it is often used in products that require clarity i.e. laboratory ware. When combined with various colorants, additives or other plastics, polystyrene is used to make appliances, automobile parts, toys, electronics, gardening pots and equipment etc.

III. MATEMATICAL MODEL 


A. Abbreviations and Acronyms

	- Lame’s constants

	- First strain invariant
C	- Compressibility factor

	-Internal and external radii
u,v,w	-displacement components

	-Poisson’s ratio

	-stress and strain components

Y ,   -Yield stress

	- Kronecker’s delta
pint.	- internal surface pressure
Pi             - Pressure required for initial yielding stage
Pf             - Pressure required for fully-plastic stage

	-Load at the external surface

        - Function of  r

         - Function of  x and y


         - Function of 
Θ          - Temperature 

B. Non-dimensional quantities:






(Radii ratio),  - Radial stress component,   - Circumferential stress component , -Mechanical load,  P = p/Y – Pressure, -Temperature
  
C. Equations


We consider a thick walled cylindrical tube made of isotropic materials (i.e. Polystyrene / Poly vinyl chloride), with an internal radius a and external radius b (a<b), and subjected to uniform pressure p respectively. Let a uniform temperature be applied at the inner surface of the tube. Further, if we assume that there are no body forces, body couples and couple stresses on the tube, and if only a steady deformation problem is considered as shown in Fig.1.
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Figure. 1 Geometrical configuration of tube made of Polystyrene/ Poly vinyl chloride  materials


 Basic Governing Equation: The components of displacement in cylindrical polar coordinatesare given [12-16,8 ]:



                                                                                  (1)                  

where  is a function of  r. The Almansi strain components are given [16, 17]:



           		,  ,


		,                                                           (2)
The stress –strain relations for isotropic material are given [12,14]:


, 		                             (3)

where is the first strain invariant. Substituting Eq. (2) into Eq.(3), we get


  


                       (4) 
The stress equation of equilibrium is given as:

           					                                                            (5) 






The temperature field satisfying equationis given by the Laplace equation:andat, at  where   is a constant. Solving thisequation,we get:

                                          			                                                          (6)

where

Boundary condition: The boundary conditions of tube for the contraction /extension region are taken as:


at r = a andat r = b                                                                  (7)
where l0  is mechanical load applied at the external surface of  tube made of isotropic materials.

Asymptotic solution at the transition points: Substituting Eq. (4) into Eq. (5) and after integration, we got the following nonlinear integro-differential equation:

	                 (8)
where A0 is the constant of integration. Now,differentiating Eq. (8) with respect to r, we get:

	                               (9)










where (is the function of  and  is the function of r) and be the compressibility factor and v be the Poisson’s ratio. Transition point T from Eq. (9) are and.The transition point  corresponds to extension region and corresponds to contractions region. The resultant force normal to the plane z = constant vanishes i.e.  The deformation of the tube walls is determined by the magnitude of the applied pressure. If mechanical load is increased, stresses in the wall of the tube increase. 

 Solution of the problem


(a) Contraction in the tube: The transition point , correspond to contraction in the tube [ 8 16],  we define the transition function as:

                                			                                                    (10)

Taking the logarithmic differentiation of  Eq. (10) with respect to r and using Eq. (9), after that by taking the asymptotic solution  and integrating, we get:  

                                      							                       (11)

where  is a constant of integration. Comparing, Eq. (10) and Eq. (11), we get

					 (12)

The yielding stress in tension is given [8-17]:. Now substituting the value of yielding stress condition in Eq. (12), we get

        		                          (13)

Using second boundary condition in Eq. (7) into Eq. (13), we get Further, Eq. (13) become:   

		            (14)


where  and . Now using first boundary condition in Eq.  (7) into Eq. (14), we get



                                        (15)
Substituting Eq. (15) into Eq. (14) and using Eq. (7), we get stress on the contraction region:

                                      (16)

                  (17)
From Eq. (16) and Eq. (17), we get: 

                          (18)
                                                                                                                   


Initial yielding stage:  From Eq. (18), it has seen that is maximum at the inner surface (i.e. r = a), therefore yielding will take place at the outer surface of the tube and Eq. (18) becomes: (say); where Y is the yielding stress on the contraction region. The pressure required for the initial yielding is given by: 

                       (19)
Eqs. (16), (17) and (19), in non-dimensional form becomes:


	                              

	                                                          (20) 








where ,,, ,  ,  , and  


Fully-plastic stage: Eq. (20) for fully-plastic stage when  and  becomes:    


,,

                                                                       (21)

where  be the pressure required for fully-plastic stage.



(b) Extension in the tube: The transition point , correspond to contraction in the tube [18, 16]  we define the transition function as:

			                                            (22)

Taking the logarithmic differentiation of  Eq. (22) with respect to r and using Eq. (7), after that by taking the asymptotic solution  and integrating, we get:  

							               (23)
where B is a constant of integration. Comparing, Eq. (22) and Eq. (23), we get

					 (24)

The yielding stress in tension is given [8-17]:. Now substituting the value of yielding stress condition in Eq. (24), we get

        	                                  (25)

Using second boundary condition in Eq. (7) into Eq. (25), we get Further, Eq. (25) become:   

	                (26)
Now using first boundary condition in Eq. (7) into Eq. (26), we get



                               (27)
Substituting Eq. (27) into Eq. (26) and using Eq. (5), we get stress on the contraction region:

                          (28)

                                      
                                                                                                                                   (29)
From Eq. (28) and Eq. (29), we get: 

             (30)

Initial yielding stage: From Eq. (30), it has seen that is maximum at the outer surface (i.e. r = b), therefore yielding will take place at the outer surface of the tube in the extension region and Eq. (30) becomes:


(say); where  is the yielding stress in the extension region. The pressure required for the initial yielding is given by: 

        (31),
Eq. (28)-(29) and (31), in non-dimensional form becomes:

                               




and  			                                                                 
                                                                                                                                                                             (32) 

Fully-plastic stage: Eq. (32), for the fully-plastic stage when, becomes: 

,

,

                     (33)                                                                                                      

where  be the pressure required for fully-plastic stage.

IV   VALIDATION OF RESULTS

Initial Yielding stage: By taking Θ1 →0 into Eq. (20) and Eq. (32), we get:



	                                	                (34)
in the contraction region.





                                                                     (35)
in the extension region.                                                        
Fully-plastic stage: By taking Θ1 →0 into Eq. (21) and Eq. (33), we get:

   			                      

,

                                                                               (36)
in the contraction/extension region. The present results obtained from Eq. (34) - Eq. (36) are same as  given by Gupta et al. [8] in the contraction/extension region. Therefore, the present results are correct and authenticate the validity of the derived solutions. In the present study, we discuss the new addition in thermal condition at the inner surface of the tube. 

A.Figures

To see the combined effect of stress distribution and pressure in a cylindrical tube made of Poly(vinyl chloride), PVC  (say C = 0.3333 or v = 0.4) and Polystyrene, PS (say C = 0.46154 or v = 0.35) [17], for the initial/fully plastic stage based upon the following numerical values has been taken: L0 = 0, 0.1, 0.2; Θ1  = 0, 0.0175, 0.07; a = 1 and  b = 2  respectively. 



(a)

  
(b)
Figure. 2 Graphical comparisons between dimensionless pressure required for yielding/fully-plastic stage versus radii ratio R0 =a/b in the (a) contraction (b) extension region  

In Figure.2, curves have been drawn between dimensionless pressure required for initial yielding/fully-plastic stage versus radii ratio R0 =a/b for the contraction/ extension region and having mechanical loads ( i.e. L0 = 0, 0.1, 0.2) and temperature = 0, 0.0175 respectively. It has been observed that tube made of polyvinyl chloride material requires higher pressure to yield at the internal surface as compared to the tube made of polystyrene material for the initial yielding stage. 


Further, the value of pressure increases with increasing temperature  =0.0175 and decreases with increasing mechanical loads (say L0 = 0.1 and 0.2) at the internal surface of a tube made of polyvinyl chloride material and also in a polystyrene material for the initial as well as fully-plastic stage. Moreover, the thermo mechanical loaded tube made of polyvinyl chloride / polystyrene material requires higher pressure in the contraction region as compared to the extension region at the initial yielding stage. 

 
(a)
  
(b)
Figure. 3. Dimensionless stress distribution versus radii ratio R = r/b for initial yielding/fully-plastic stage in the with  (a) contraction (b) extension region



Figure. 3 are portrayed in order to demonstrate the behaviour of dimensionless stress distribution versus radii ratio R = r/b in the contraction/extension region and having mechanical loads ( i.e. L0 = 0, 0.1, 0.2) and temperature = 0, 0.0175 respectively. It is observed that tube made of polyvinyl chloride material requires maximum hoop stress at the external surface in comparison to tube made of polystyrene material. Further, the values of the hoop / radial stress also increase with increasing temperature  = 0.175 as well as the mechanical load L0 = 0.1, 0.2 in the contraction/extension region of the tube. Moreover, the extension region in the tube requires maximum hoop stress at the external surface of the initial yielding stage as compared to contraction region and reverse results are obtained with the inclusion of thermal conditions. 



 

Figure. 4.   Graphical comparisons between dimensionless pressure versus mechanical load at R0 = 0.5 for initial yielding/ fully-plastic stage along the contraction/extension region



Figure. 4 is prepared to illustrate the behaviour of dimensionless pressure versus mechanical load and having temperature  = 0, 0.0175, for the initial yielding /fully-plastic stage at R0 = 0.5. It is shown that the contraction/extension region, the value of pressure, decrease with increasing mechanical load (i.e. L0 = 0.1, 0.2) and increase with  increasing temperature  = 0.175, for initial yielding as well as fully-plastic stage. With increasing mechanical loads, the tube made polyvinyl chloride material requires maximum pressure in comparison to tube made of of polystyrene material.

Figure. 5 demonstrates the behaviour dimensionless pressure versus temperature with mechanical load L0 = 0, 0.1, 0.2 for the initial yielding /fully-plastic stage at R0 = 0.5. In the contraction region, the value of pressure increases with increasing temperature (i.e.  = 0, 0.0175, 0.07) for the initial/fully-plastic stage, but in the case of extension region, the value of pressure neither increases nor decreasing for the initial yielding stage. Furthermore, the values pressure decreases with the mechanical load L0 = 0.1, 0.2 in contraction as well as extension region of the tube made of  polyvinyl chloride/ polystyrene material .  

 

Figure. 5.   Graphical comparisons between dimensionless pressure versus temperature at R0 = 0.5 for initial yielding/ fully-plastic stage along the contraction/extension region

CONCLUSIONS
In this work, thermal stress distribution and pressure in a tube made of PVC/ polystyrene material under internal pressure and mechanical load by using the transition theory is investigated. The problem is designed under uniform pressure, thermal effect and mechanical loads. Solutions of the stress distribution are obtained, for initial and fully-plastic stages, whereas the expressions for non-dimensional pressure versus loads and temperature are evaluated graphically. The main findings can be concluded as follows:
· The polyvinyl chloride material tube requires higher dimensionless pressure to yield at the internal surface in comparison to tube made polystyrene material for the initial yielding stage. 
· 
The value of pressure increases with increasing temperature  =0.0175 and decreases with increasing mechanical loads (say L0 = 0.1 and 0.2) at the internal surface of a tube made of polyvinyl chloride material and also in a polystyrene material for the initial as well as fully-plastic stage. 
· With increasing mechanical loads, the tube made polyvinyl chloride material requires maximum pressure in comparison to tube made of of polystyrene material.
· The values pressure decreases with the mechanical load L0 = 0.1, 0.2  in contraction as well as extension region of the tube made of  polyvinyl chloride/ polystyrene material .  
· The tube made of polyvinyl chloride material requires maximum hoop stress at the external surface as compared to the tube made of polystyrene material. 
· 
The hoop / radial stress also increase with increasing temperature  = 0.175 as well as the mechanical load L0 = 0.1, 0.2 in the contraction/extension region of the tube. 
· The extension region in the tube requires maximum hoop stress at the external surface of the initial yielding stage as compared to contraction region and reverse results are obtained with the inclusion of thermal conditions. 
· 
The results for Gupta et al. [8] can be obtained by taking →0 in the resulting equations.
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L0 = 0
Polystyrene, Temp.= 0	0.25	0.35000000000000031	0.5	1.024002440827922	0.83203271205974194	0.59320827308568991	PVC,Temp. = 0	0.25	0.35000000000000031	0.5	1.1101421062781696	0.88582497748249778	0.61890529681364115	fully-plastic stage, Temp.= 0	0.25	0.35000000000000031	0.5	1.3862943611198906	1.0498221244986781	0.69314718055994551	Polystyrene, Temp.= 0.175	0.25	0.35000000000000031	0.5	1.086177004885029	0.8824197131773871	0.62903202721049578	PVC, Temp.= 0.175	0.25	0.35000000000000031	0.5	1.180711858053143	0.94205547391472755	0.65813288525780089	fully-plastic stage, Temp.= 0.175	fully-plastic stage
0.25	0.35000000000000031	0.5	1.4833349663982829	1.1233096732135852	0.74166748319914377	R0

Dimensionless pressure 

L0 = 0.1
Polystyrene, Temp.= 0	0.25	0.35000000000000031	0.5	0.92400244082791827	0.73203271205974263	0.49320827308569093	PVC,Temp. = 0	0.25	0.35000000000000031	0.5	1.0101421062781661	0.78582497748249724	0.51890529681363862	fully-plastic stage, Temp.= 0	0.25	0.35000000000000031	0.5	1.2862943611198898	0.94982212449867864	0.59314718055994298	Polystyrene, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.98617700488502058	0.78241971317738668	0.52903202721049314	PVC, Temp.= 0.0175	0.25	0.35000000000000031	0.5	1.080711858053143	0.84205547391472768	0.55813288525780058	fully-plastic stage, Temp.= 0.0175	fully-plastic stage
0.25	0.35000000000000031	0.5	1.3833349663982841	1.0233096732135838	0.64166748319914391	R0



L0 = 0.2
Polystyrene, Temp.= 0	0.25	0.35000000000000031	0.5	0.8240024408279184	0.63203271205974265	0.39320827308569162	PVC,Temp. = 0	0.25	0.35000000000000031	0.5	0.91014210627816461	0.6858249774824976	0.41890529681363831	fully-plastic stage, Temp.= 0	0.25	0.35000000000000031	0.5	1.1862943611198906	0.84982212449868022	0.49314718055994644	Polystyrene, Temp.= 0.175	0.25	0.35000000000000031	0.5	0.88617700488502049	0.6824197131773867	0.42903202721049338	PVC, Temp.= 0.175	0.25	0.35000000000000031	0.5	0.98071185805314365	0.74205547391472815	0.45813288525780294	fully-plastic stage, Temp.= 0.175	fully-plastic stage
0.25	0.35000000000000031	0.5	1.2833349663982829	0.9233096732135907	0.5416674831991416	R0


L0 = 0
Polystyrene, Temp.= 0	0.25	0.35000000000000031	0.5	0.55138435428820243	0.44801633413568881	0.31941892672572192	PVC,Temp. = 0	0.25	0.35000000000000031	0.5	0.7401317422556527	0.59057951248758189	0.412624161385656	fully-plastic stage, Temp.= 0	0.25	0.35000000000000031	0.5	1.3862943611198906	1.0498221244986781	0.69314718055994529	Polystyrene, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.56759903746795015	0.4634498509249918	0.33393518639839637	PVC, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.75372682507042066	0.60333866831274052	0.42442841488402655	fully-plastic stage, Temp.= 0.0175	fully-plastic stage
0.25	0.35000000000000031	0.5	1.4833349663982829	1.1233096732135852	0.74166748319914377	R0

Dimensionless pressure

L0 = 0.1
Polystyrene, Temp.= 0	0.25	0.35000000000000031	0.5	0.45138435428820373	0.34801633413568972	0.21941892672572125	PVC,Temp. = 0	0.25	0.35000000000000031	0.5	0.64013174225565261	0.49057951248757931	0.31262416138565646	fully-plastic stage, Temp.= 0	0.25	0.35000000000000031	0.5	1.2862943611198898	0.94982212449867864	0.59314718055994275	Polystyrene, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.46759903746795017	0.36344985092499182	0.23393518639839753	PVC, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.65372682507042101	0.50333866831273844	0.32442841488402707	fully-plastic stage, Temp.= 0.0175	fully-plastic stage

0.25	0.35000000000000031	0.5	1.3833349663982841	1.0233096732135838	0.64166748319914413	R0


L0 = 0.2
Polystyrene, Temp.= 0	0.25	0.35000000000000031	0.5	0.35138435428820414	0.24801633413568958	0.11941892672572015	PVC,Temp. = 0	0.25	0.35000000000000031	0.5	0.54013174225565241	0.39057951248757938	0.21262416138565238	fully-plastic stage, Temp.= 0	0.25	0.35000000000000031	0.5	1.1862943611198906	0.84982212449868022	0.49314718055994644	Polystyrene, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.36759903746795031	0.26344985092499185	0.13393518639839738	PVC, Temp.= 0.0175	0.25	0.35000000000000031	0.5	0.5537268250704187	0.4033386683127434	0.22442841488402523	fully-plastic stage, Temp.= 0.0175	fully-plastic stage
0.25	0.35000000000000031	0.5	1.2833349663982829	0.9233096732135907	0.5416674831991416	R0


L0  = 0
Polystyrene, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.59320827300000001	-0.22342229029144101	0	Polystyrene, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.40679172685554976	0.60590668710480333	0.72621065353513281	PVC, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.61890529700000363	-0.23964418586271613	0	PVC,hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.38109470330111633	0.63394808609634556	0.79371886481101517	fully-plastic stage, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.6931471809999995	-0.28768207263442186	0	fully-plastic stage, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.3068528196348681	0.71231792800044458	1.0000000006348646	Polystyrene, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.62903200000000004	-0.2379486615011018	0	Polystyrene,hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.37096795412995226	0.62238530869730491	0.7759486893469506	PVC, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.65813288999999997	-0.25564511908522053	0	PVC, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.34186711766223732	0.6516393943841029	0.848700259850237	fully-plastic stage, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.74166748000000005	-0.30781981619564458	0	fully-plastic stage, hoop stress, Temp.=0.0175	fully-plastic stage
0.5	0.75000000000000244	1	0.35932116824684457	0.83411620710168088	1.1709886482468421	R = r/b

Stressese

L0 = 0.1
Polystyrene, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.49320827300000164	-0.12342229029144065	0.1	Polystyrene, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.50679172685554985	0.70590668710480164	0.82621065353513234	PVC, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.51890529700000065	-0.13964418586271596	0.1	PVC,hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.48109470330111531	0.73394808609634365	0.89371886481101526	fully-plastic stage, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.5931471809999973	-0.18768207263442024	0.1	fully-plastic stage, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.40685281963486747	0.81231792800044456	1.1000000006348647	Polystyrene, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.52903202699999996	-0.13794867167021341	0.1	Polystyrene,hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.47096797264516188	0.72238533627527846	0.8759487224005883	PVC, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.55813288499999958	-0.15564511714918774	0.1	PVC, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.44186711458345657	0.75163938926257323	0.94870025343795672	fully-plastic stage, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.64166748300000065	-0.2078198174407544	0.1	fully-plastic stage, hoop stress, Temp.=0.0175	fully-plastic stage
0.5	0.75000000000000244	1	0.45932116957492852	0.93411621018465341	1.2709886525749214	R = r/b



L0 = 0.2
Polystyrene, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.39320827300000227	-2.3422290291440329E-2	0.2	Polystyrene, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.60679172685555283	0.80590668710480085	0.92621065353513221	PVC, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.41890529700000134	-3.964418586271521E-2	0.2	PVC,hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.58109470330111523	0.83394808609634363	0.99371886481101457	fully-plastic stage, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.49314718100000032	-8.7682072634420127E-2	0.2	fully-plastic stage, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.50685281963486473	0.91231792800044209	1.2000000006348648	Polystyrene, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.42903202699999998	-3.7948671670213562E-2	0.2	Polystyrene,hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.57096797264516164	0.8223853362752781	0.9759487224005875	PVC, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.45813288500000032	-5.5645117149187767E-2	0.2	PVC, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.5418671145834566	0.85163938926257265	1.0487002534379515	fully-plastic stage, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.54166748300000012	-0.10781981744075438	0.2	fully-plastic stage, hoop stress, Temp.=0.0175	fully-plastic stage
0.5	0.75000000000000244	1	0.55932116957492706	1.0341162101846491	1.3709886525749224	R = r/b

L0 = 0
Polystyrene, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.31941892700000263	-0.14715446686903824	0	Polystyrene, hoop stress, Temp.=0	0.5	0.75000000000000244	1	9.0216905533496622E-2	0.32576715175616183	0.63883785400000304	PVC, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.41262416100000215	-0.19009358336877513	0	 fully-plastic stage, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.69314717999999997	-0.28768207221938408	0	fully-plastic stage, hoop stress, Temp.=0	fully-plastic stage
0.5	0.75000000000000244	1	0.306852819192172	0.71231792697278706	0.99999999919216953	PVC, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.11654185712600248	0.42082477371401061	0.82524832199999998	Polystyrene, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.39518518600000152	-0.17912877870649471	0	Polystyrene, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	9.9224677066557826E-2	0.3407966524708762	0.65324111682333885	PVC, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.48567841500000186	-0.22081849006399676	0	PVC, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.12478364806677718	0.43308837025173458	0.83422757482333532	fully-plastic stage, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.81166748299999991	-0.33687244239027608	0	fully-plastic stage, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.35932116957492916	0.83411621018465343	1.1709886525749258	R = r/b

Stressese

L0 = 0.1
Polystyrene, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.21941892700000082	-4.7154466869038479E-2	0.1	Polystyrene, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.19021690553349688	0.42576715175616175	0.73883785400000268	PVC, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.31262416100000262	-9.009358336877514E-2	0.1	 fully-plastic stage, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.5931471809999973	-0.18768207263442024	0.1	fully-plastic stage, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.40685281963486747	0.81231792800044456	1.1000000006348647	PVC, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.21654185712600346	0.52082477371400715	0.92524832200000062	Polystyrene, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.29518518600000032	-7.9128778706494679E-2	0.1	Polystyrene, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.19922467706655722	0.44079665247087624	0.75324111682333839	PVC, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.38567841500000216	-0.12081849006399598	0.1	PVC, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.22478364806677664	0.53308837025173317	0.93422757482333529	fully-plastic stage, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.71166748300000005	-0.23687244239027344	0.1	fully-plastic stage, hoop stress, Temp.=0.0175	fully-plastic stage
0.5	0.75000000000000244	1	0.45932116957492852	0.93411621018465341	1.2709886525749214	R = r/b

Stressese


L0 = 0.2
Polystyrene, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.11941892700000001	5.2845533130961804E-2	0.2	Polystyrene, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.29021690553349638	0.52576715175615885	0.83883785400000233	PVC, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.21262416099999998	9.9064166312249798E-3	0.2	 fully-plastic stage, radial stress, Temp.=0	0.5	0.75000000000000244	1	-0.49314718100000032	-8.7682072634420127E-2	0.2	fully-plastic stage, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.50685281963486473	0.91231792800044209	1.2000000006348648	PVC, hoop stress, Temp.=0	0.5	0.75000000000000244	1	0.31654185712600247	0.62082477371400979	1.0252483219999999	Polystyrene, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.19518518600000004	2.0871221293505316E-2	0.2	Polystyrene, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.29922467706655947	0.54079665247088182	0.85324111682333836	PVC, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.28567841500000152	-2.0818490063996043E-2	0.2	PVC, hoop stress, Temp.=0.0175	0.5	0.75000000000000244	1	0.32478364806677662	0.6330883702517337	1.0342275748233416	fully-plastic stage, radial stress, Temp.=0.0175	0.5	0.75000000000000244	1	-0.61166748300000062	-0.13687244239027349	0.2	fully-plastic stage, hoop stress, Temp.=0.0175	fully-plastic stage
0.5	0.75000000000000244	1	0.55932116957492706	1.0341162101846491	1.3709886525749224	R = r/b


Polystyrene, Temp.= 0	0	0.1	0.2	0.59320827308568902	0.49320827308569093	0.3932082730856914	PVC,Temp. = 0	0	0.1	0.2	0.61890529681364093	0.51890529681363862	0.41890529681363831	fully-plastic stage, Temp.= 0	fully-plastic stage
0	0.1	0.2	0.69314718055994529	0.59314718055994298	0.49314718055994633	Polystyrene, Temp.= 0.0175	0	0.1	0.2	0.62903202721049545	0.52903202721049314	0.42903202721049338	PVC, Temp.= 0.0175	0	0.1	0.2	0.65813288525780089	0.55813288525780058	0.45813288525780277	fully-plastic stage, Temp.= 0.0175	contraction
0	0.1	0.2	0.74166748319914355	0.64166748319914391	0.5416674831991416	L0

Dimensionless pressure 


extension
Polystyrene, Temp.= 0	0	0.1	0.2	0.31941892672572192	0.21941892672572125	0.11941892672572015	PVC,Temp. = 0	0	0.1	0.2	0.412624161385656	0.31262416138565646	0.21262416138565238	fully-plastic stage, Temp.= 0	fully-plastic stage
0	0.1	0.2	0.69314718055994529	0.59314718055994275	0.49314718055994644	Polystyrene, Temp.= 0.0175	0	0.1	0.2	0.33393518639839637	0.23393518639839753	0.13393518639839738	PVC, Temp.= 0.0175	0	0.1	0.2	0.42442841488402655	0.32442841488402707	0.22442841488402523	fully-plastic stage, Temp.= 0.0175	0	0.1	0.2	0.74166748319914377	0.64166748319914413	0.5416674831991416	L0


contraction
Polystyrene, Lo= 0	0	1.7500000000000005E-2	7.0000000000000021E-2	0.59320827308568902	0.62903202721049578	0.7365032895849053	PVC,Lo = 0	0	1.7500000000000005E-2	7.0000000000000021E-2	0.61890529681364115	0.65813288525780089	0.77581565059029434	fully-plastic stage, Lo= 0	0	1.7500000000000005E-2	7.0000000000000021E-2	0.69314718055994529	0.74166748319914377	0.88722839111672958	Polystyrene, Lo= 0.1	0	1.7500000000000005E-2	7.0000000000000021E-2	0.49320827308569115	0.52903202721049314	0.63650328958490532	PVC, Lo= 0.1	0	1.7500000000000005E-2	7.0000000000000021E-2	0.51890529681363862	0.55813288525780058	0.67581565059029436	Polystyrene, Lo= 0.2	0	1.7500000000000005E-2	7.0000000000000021E-2	0.39320827308569162	0.42903202721049338	0.53650328958490456	PVC, Lo= 0.2	0	1.7500000000000005E-2	7.0000000000000021E-2	0.41890529681363831	0.45813288525780294	0.57581565059029216	fully-plastic stage, Lo= 0.1	0	1.7500000000000005E-2	7.0000000000000021E-2	0.59314718055994275	0.64166748319914413	0.78722839111672949	fully-plastic stage, Lo= 0.2	0	1.7500000000000005E-2	7.0000000000000021E-2	0.49314718055994644	0.5416674831991416	0.68722839111672951	Dimensionless Temperature (Θ1)

Dimensionless pressure 


extension
Polystyrene, Lo= 0	0	1.7500000000000005E-2	7.0000000000000021E-2	0.31941892672572192	0.31941892672572192	0.31941892672572192	PVC,Lo= 0	0	1.7500000000000005E-2	7.0000000000000021E-2	0.412624161385656	0.412624161385656	0.412624161385656	fully-plastic stage, Lo= 0	0	1.7500000000000005E-2	7.0000000000000021E-2	0.69314718055994529	0.74166748319914377	0.88722839111672958	Polystyrene, Lo= 0.1	0	1.7500000000000005E-2	7.0000000000000021E-2	0.21941892672572125	0.22021422882906141	0.22260013513908347	PVC, Lo =0.1	0	1.7500000000000005E-2	7.0000000000000021E-2	0.31262416138565646	0.31312479720767811	0.31462670467374315	Polystyrene, Lo=0.2	0	1.7500000000000005E-2	7.0000000000000021E-2	0.11941892672572015	0.12260013513908349	0.13214376037917336	PVC, Lo=0.2	0	1.7500000000000005E-2	7.0000000000000021E-2	0.21262416138565238	0.21462670467374112	0.22063433453800704	fully-plastic stage, Lo=0.1	0	1.7500000000000005E-2	7.0000000000000021E-2	0.59314718055994275	0.64166748319914413	0.78722839111672949	fully-plastic stage, Lo=0.2	0	1.7500000000000005E-2	7.0000000000000021E-2	0.49314718055994644	0.5416674831991416	0.68722839111672951	Dimensionless Temperature (Θ1)
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