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failure. Thus cup 176 had the highest seal strength while the cup number 219 had the 

lowest seal strength as seen in table 3. 

 

Table 3. Modes of failure at temperature of 200!  and dwell time of 0.8 sec 
Cup number Failure mode Burst force (kPa) 

176 left Delamination 54.79 
234 center Minor delamination  53.5 

219 right Cohesive 36.79 
 

 

Figure 44.  Different modes of failure during burst test at temperature of 200!  and dwell 
time of 1.4 sec, pre-retort 
 

 As can be seen from figure 44, cup number 73 had a material break at the 

left side and a white sealant material stuck on its flange (break and delamination). In cup 

number 301, a lot of white sealant material was stuck on its flange (delamination) while 

the cup number 59 had a comparatively lesser amount of sealant material stuck to its 

flange (lesser delamination compared to cup 301). Thus cup number 73 had the highest 

seal strength while the cup 219 had the lowest seal strength as seen in table 4. 
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Table 4. Modes of failure at temperature of 200℃ and dwell time of 1.4 sec 
Cup number Failure mode Burst force kPa 
73 left Break and delamination 71.09 
301 center Delamination 60.59 
59 right Delamination 56.95 

 

 

Figure 45: Temperature vs. burst force for different dwell time’s post-retort  
 

  The figure above (Figure 45) shows the effect of temperature on the burst force at 

different dwell times post-retort. As the temperature increases, the burst force also 

increases in a linear fashion post-retort like the burst forces pre-retort. (except for the 

curve with dwell time of 0.8 sec). In the curve for dwell time of 0.8 sec, burst force first 

increases rapidly with increase in temperature, then it has a plateau region and then it 

drops as temperature increases similar to the heat seal curve. 
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Compared to burst forces pre-retort, the burst forces post-retort have very little 

variation. This is because post-retort cups demonstrated cohesive failure  (only 9 

delamination failures out of 84) rather than the mixed failures seen on the pre-retort cups. 

The following graphs show the effect of temperature on burst force at each dwell 

time, pre and post-retort (Figure 46, 47, 48, and 49).  As seen in figure 46 the pre-retort 

and post-retort trend lines are very close to each other. Also, in figure 47 the pre-retort 

and post-retort trend lines cross each other at lower temperatures. This nature could be 

possibly due to the variability in the burst forces pre-retort. As explained earlier, this 

variability occurred due to the different modes of failure in the pre-retort burst tests. 

Figure 46: Temperature vs. burst force at a dwell time of 0.8 sec pre- and post-retort 
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Figure 47: Temperature vs. burst force at a dwell time of 1 sec pre- and post-retort 

Figure 48: Temperature vs. burst force at a dwell time of 1.2 sec pre- and post-retort 
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Figure 49: Temperature vs. burst force at a dwell time of 1.4 sec pre-retort and post-retort 

Creep Test Results 

Table 5. Creep test results 

Test method B1, Pressurization/Hold test (Creep) 

Type Treatment Samples tested Pass sample Pass% 

Closed cup 

Pre-retort 8 8 100% 

Post-retort 8 8 100% 

A Creep test or a Pressurization / Hold test was done as described in Chapter 3 

under the section “Creep test.” The seal test data can be seen in Appendix C. A 100% 

pass percentage denoted good quality of seals used for testing.  
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Relationship between Peel Force and Opening Force 

The primary objective of this research was to see if there was a relationship 

between the peel force, the opening force and the burst force. The peel force and the 

opening force values were measured on the same cup. A simple regression analysis was 

performed to see if there was any relation between the peel force and the opening force. 

The peel force was selected as the independent variable while the opening force was the 

dependent variable (Figure 50). The average peel force and the opening force of the three 

replicates for each seal condition were calculated for the regression analysis. The pre-

retort and the post-retort data for the peel force vs. the opening force were plotted on the 

same graph. After this, statistical analysis (described below) was performed to find if 

there was any relation. Statistical analysis was done to compare the pre-retort and post-

retort parameter estimates. 
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Figure 50. Relationship between Peel Force and Opening Force for a semi rigid cup pre-
retort and post-retort (each data point is an average of 3 replicates) 
 

 A simple regression analysis was carried out using a SAS program. The following 

is the SAS output (Table 6). 

  

Table 6. Statistical Analysis for the relationship between the peel force and the opening 
force 
Post Retort Pre Retort 
Parameter Estimate Std. Error p-value Parameter Estimate Std. Error p-value 
Intercept 3.0837 0.5884 < .0001 Intercept 2.7517 1.1278 0.0218 
Slope 3.6100 0.1629 < .0001 Slope 4.5828 0.2778 < 0.0001 
R-squared 0.9497 

  
R-squared 0.9127 

   

This table helps analyze if there is a relationship between the peel force and the 

opening force pre-retort and post-retort as shown below. 
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0	  

5	  

10	  

15	  

20	  

25	  

30	  

35	  

0	   1	   2	   3	   4	   5	   6	   7	  

O
pe
ni
ng
	  F
or
ce
	  (N
ew

to
n)
	  

Peel	  Force	  (Newton)	  

Peel	  Force	  vs.	  Opening	  Force	  

Pre	  retort	  

Post	  retort	  



 86 

First, a hypothesis test was done to see whether using the peel force helps predict 

the opening force. Specifically, a test was done to see if the slope of the regression line 

pre-retort and post -retort was different from zero.  

The hypotheses tested were: 

Η! ∶   !ı = 0          (14) 

ΗA  : !ı ≠ 0          (15) 

A level of significance of 0.05 was used for the hypothesis 

The p-value method was used as the hypothesis testing method. If the p value were less 

than ! then the test would reject the null hypothesis (i.e. the slopes are not equal to zero). 

Alternatively, if the p value were greater than ! then the test failed to reject the null 

hypothesis (i.e. there would be no sufficient evidence to conclude that the slopes are not 

zero). 

 

Table 7. Slope hypothesis testing for pre-retort and post-retort 
Peel vs. Opening Force 

 
Pre retort Post retort 

Level of significance 0.05 0.05 
p-value < 0.0001 < 0.0001 
p-value and ! p <  ! p < ! 
Decision Reject Ho Reject Ho 

Conclusion 

Slope is not 
zero thus there 

is a 
relationship 

Slope is not 
zero thus there 

is a 
relationship 

 

There was sufficient evidence (at the 0.05 level of significance) to conclude that 

the peel force and the opening force have a relationship for both pre-retort and post-
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retort. Thus the study has shown that knowing the peel force helps predict the opening 

force for both pre-retort and post-retort.  

Although the peel force and the opening force had a relationship for pre- and post- 

retort conditions, it was also useful to see if the regression lines were different. So, the 

slopes and y-intercepts (parameter estimates) for pre- and post-retort were compared.   

The second hypothesis test was carried out to see if the slopes (!ı) and y intercept 

(!0) are different pre- and post-retort. 

Following is the hypothesis to find whether the slopes are different 

Η! ∶   !ıpre −   !ıpost   = 0 (16) 

ΗA ∶   !ıpre −   !ıpost   ≠ 0 (17) 

A two-tailed standardized scale method test was performed to see if the slopes 

were different. A significance level of 0.10 was used because the type II error is more 

important. A type II error occurs when the analysis fails to reject the null hypothesis 

when it is false. Thus the type II error does not reject !ıpre −   !ıpost   = 0 when it is false. 

 The following test statistic was used (equation 18) 

Zobs = β  1pre  -‐  β2post
(Std  Error  for  !!pre)!!(Std  Error  for  !!post)!  

(18)

Where, 

β  1pre : the slope pre retort 

β  1pre : the slope post-retort 

A similar hypothesis was done to see if the y-intercept (!o) for the pre and post 

regression lines was different.
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The SAS program gave the results seen in table 8 

Table 8. SAS output for difference in pre- and post-retort Regression lines for peel vs. 
opening force 
Difference in pre and post regression lines for peel vs. opening 
force 

Parameter Estimate Std. Error 
Test 
Statistic p-value 

Intercept 0.07465 0.2860 0.2609 0.7940 
Slope -0.9728 0.3220 -3.0206 0.0025 

There was sufficient evidence (at the 0.10 level of significance) to conclude that 

the slopes pre- and post-retort are different (p >  !) while there was insufficient evidence 

to conclude that the y-intercepts pre- and post-retort are different (p <  !). Although there 

was insufficient evidence to conclude that the y-intercepts are different, it can be said that 

as the peel force (independent variable) increases, opening force (dependent variable) 

changes differently for pre- and the post-retort conditions, since the slopes are different. 

The pre-retort and post-retort trendlines have a R2 value of 0.91 and 0.94 respectively. 

Figure 50 shows the graph of the regression lines pre-retort and post-retort. Following are 

the simple regression equations for Peel force vs. Opening force pre–retort (equation 19) 

and post-retort (equation 20). 

Table 9: Regression equations for Peel force vs. Opening Force 

Peel force vs. Opening Force 

Equation R2 

Pre-retort  y = 4.5828 x + 2.7517               (equation 19) 0.91 

Post-retort y = 3.61 x + 3.0837    (equation 20) 0.94 



 89 

Relationship between Burst Force and Peel Force 

 The burst force and peel force were measured on different set of cups, as both the 

tests are destructive in nature. Regression analysis using instrument variables (dwell time 

and temperature) was performed to see if there was any relationship between the burst 

force and the peel force. This method is explained in Chapter 2 under “statistical analysis 

using parameter estimation”. The burst force was selected as the independent variable 

while the peel force was the dependent variable (Figure 51). The average burst force 

(kPa) and the peel force (newton) of the three replicates for each seal condition were 

calculated.  The pre-retort and post-retort regression lines for the burst force and the peel 

force were plotted on the same graph for comparison. After this, statistical analysis was 

done to find if there was any relationship between these forces. The parameter estimates 

of the regression lines pre –retort and post-retort for burst vs. peel force were compared. 
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Figure 51. Relationship between Burst Force and Peel Force for a semi rigid cup pre-
retort and post-retort (each data point is an average of three replicates) (parameter 
estimates for trend line are calculated by using instrument variables)  
 

 A regression analysis using instrument variables was carried out using a SAS 

program. The following is the result of the analysis (Table 11). 

 

Table 10. Statistical Analysis for relationship between burst force and peel force 
Post Retort Pre Retort 

Parameter Estimate 
Std. 
Error p-value Parameter Estimate 

Std. 
Error p-value 

Intercept -2.5902 0.3496 < .0001 Intercept -1.0767 0.3472 0.0046 
Slope 0.1182 0.0067 < .0001 Slope 0.0875 0.0059 < .0001 
R-squared 0.9191 

  
R-squared 0.8944 

   

Similar to the peel force vs. opening force first a hypothesis test was carried out to 

check if the slopes were not equal to zero pre-retort and post-retort. 
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Table 11. Slope hypothesis testing for pre- and post-retort 
Burst vs. Peel Force 

Pre-retort Post-retort 
Level of significance 0.05 0.05 
p-value and < 0.0001 < 0.0001 
p-value and ! p <  ! p < ! 
Decision Reject Ho Reject Ho 

Conclusion 

Slope is not 
zero thus there 

is a 
relationship 

Slope is not 
zero thus there 

is a 
relationship 

As the slopes were not equal to zero, there was sufficient evidence (at the 0.05 

level of significance) to conclude that the burst force and the peel force have a 

relationship pre-retort and post-retort. In other words, the burst force can be used to 

predict the peel force for both pre-retort and post-retort.  

Although the burst force and the peel force had a relationship pre- and post- retort 

it was useful to see if the regression lines were different. Thus the slopes and y-intercepts 

(parameter estimates) for pre- and post-retort were compared.   

The second hypothesis test was carried out to see if the slopes (!ı) and y-intercept 

(!0) are different pre-retort and post-retort. The following data were obtained from the 

SAS program 
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Table 12. SAS output for difference in Post and Pre Regression lines for burst vs. peel 
force 
Difference in pre and post regression lines for burst vs. peel 
force 

Parameter Estimate Std. Error 
Test 
Statistic p-value 

Intercept -1.5135 0.4927 -3.0717 0.0021 
Slope 0.0307 0.0090 3.3952 0.0006 

There was sufficient evidence (at the 0.10 level of significance) to 

conclude that the slopes (p <  !) and the y-intercepts (p <  !) pre-retort and post-retort 

were different. Thus as the burst force changes the peel force changes differently pre- and 

post-retort (slopes are different). The pre-retort and post-retort trendlines have a R2 value 

of 0.89 and 0.91 respectively. Figure 51 shows the graph of the regression lines pre-retort 

and post-retort. Following are the regression equations using instrument variables for 

Burst force vs. Peel force. 

Table 13: Regression equations for the burst force vs. the peel force 

Burst force vs. Peel Force 

Equation R2 

Pre-retort y = 0.0875 x – 1.0767 (equation 21) 0.89 

Post-retort y = 0.118 x – 2.5902 (equation 22) 0.91 

Relationship between Burst Force and Opening Force 

The burst force and the opening force were also measured on different set of cups, 

as both the tests are destructive in nature. Thus a regression analysis by using instrument 

variables (dwell time and temperature) was performed to see if there was any relation 
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between the burst force and the opening force. This method is explained in Chapter 2 

under “Statistical Analysis using Parameter Estimation”. The burst force was again 

selected as the independent variable while the opening force was the dependent variable 

(Figure 52). The average burst force (kPa) and the average opening force (newton) of the 

three replicates for each seal condition were calculated.  The pre-retort and post-retort 

regression lines for the burst force and the opening force were plotted on the same graph 

for comparison. After this, statistical analysis was done to find if there was any 

relationship between these forces. The regression lines pre-retort and post-retort for burst 

vs. peel force were compared. 

Figure 52. Relationship between Burst Force and Opening Force for a semi rigid cup pre-
retort and post-retort (parameter estimates for trend line are calculated by using 
instrument variables) (each data point is the average of 3 replicates) 
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A regression analysis using instrument variables was carried out using a SAS 

program. The following is the result of the regression analysis (Table 16).  

Table 14. Statistical Analysis for relationship between the burst force and the opening 
force 

Post Retort Pre Retort 

Parameter Estimate 
Std. 
Error p-value Estimate 

Std. 
Error p-value 

Intercept -6.7236 1.6258 0.0003 -3.4915 1.7681 0.059 
Slope 0.4360 0.0316 < .0001 0.4243 0.0305 < .0001 
R-squared 0.8724 0.881 

Similar to the peel force vs. opening force, a hypothesis test were carried out to 

check if the slopes were not equal to zero pre-retort and post-retort.  

Table 15. Slope hypothesis testing for the burst force vs. the opening force 
Burst vs. Opening Force 

 
Pre retort Post retort 

Level of 
significance  ! 0.05 0.05 
p-value and < 0.0001 < 0.0001 
p-value and ! p <  ! p < ! 
Decision Reject Ho Reject Ho 

Conclusion 

Slope is not 
zero thus there 

is a 
relationship 

Slope is not zero 
thus there is a 
relationship 

Thus there was sufficient evidence (at the 0.05 level of significance) to 

conclude that the burst force and the opening force have a relationship for both pre-retort 

and post-retort. This study has shown that knowing the burst force helps in predicting the 

opening force for both pre-retort and post-retort.  
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Although the burst force and the peel force had a relationship for both pre- and 

post-retort conditions, it was useful to see if the regression lines were different. Thus the 

slopes and y-intercepts (parameter estimates) for pre- and post-retort were compared.   

The second hypothesis test was carried out to see if the slopes (!ı) and the y-

intercept (!") were different pre-retort and post-retort. The following data were obtained 

from the SAS program 

Table 16. SAS results for difference between Pre-retort and Post-retort Regression lines 
for burst force vs. opening force 

Difference in Post and Pre 

Parameter Estimate Std. Error 
Test 
Statistic p-value 

Intercept -3.2321 2.4019 -1.3456 0.1784 
Slope 0.0117 0.0439 0.2664 0.7899 
Center -2.6153 0.5310 -4.9246 <0.0001 

There was insufficient evidence (at the 0.10 level of significance) to conclude that 

the slopes (p <  !) and the y-intercepts (p <  !) pre-retort and post-retort are different. So, 

a hypothesis test at the center values for burst pressures was performed to see if the lines 

were different. There was sufficient evidence (at the 0.10 level of significance) to prove 

that the lines are different. It can also be seen that the post-retort trend line (parameter 

estimates found using instrument variables) is lower than the pre-retort trend line 

(parameter estimates found using instrument variables).  

The hypothesis test concludes, although there is not enough evidence to prove the 

slopes and y-intercept are different, the opening force means at the central value of burst 

force are different. Thus the trend lines for pre- and post retort are almost parallel (slopes 
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are not different at 0.1 level of significance). Also, it can be seen from figure 52 that the 

trend line post-retort is lower than the pre-retort trend line.  The pre-retort and post-retort 

trendlines have a R2 value of 0.88 and 0.87 respectively. Following are the regression 

equations using instrument variables for the Burst force vs. the Opening force for pre-

retort (equation 23) and post-retort  (equation 24) conditions  

Table 17: Regression equations for the Burst force vs. the Opening Force 

Burst force vs. Opening Force 

Equation R2 

Pre-retort y = 0.4243 x - 3.4915 (equation 23) 0.88 

Post-retort y = 0.4360 x – 6.7236 (equation 24) 0.87 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The primary aim of this research was to see if there was a relationship between 

the seal strength measurement tests (the peel force, the opening force, and the burst force) 

pre- and post-retort for a semi-rigid cup. The second aim was to compare the lines pre- 

and post-retort. Another aim was to better understand the nature of these three forces pre- 

and post-retort.  The research hopefully would help translate the results of one test into 

the other two tests, thereby reducing the amount of testing. Also, this research would help 

understand the effects of temperature and dwell time on the peel force, the opening force 

and burst force pre- and post-retort for a semi-rigid cup and lid package. 

A total of 336 cups were tested for finding the peel and burst forces pre- and post-

retort. Different combinations of 4 dwell times and 7 temperatures were used to seal the 

cups. A creep test was performed on an additional 16 cups to check the quality of the 

seals that were sealed at low dwell times and temperatures. All the cups passed the creep 

test, which confirmed the good quality of seals. A randomization technique was used to 

prevent any selection bias while sealing the cups. All the sealed cups had a S:F:D ratio 

(seal jaw width : flange width : outer diameter) of  1 : 3.9 : 65.3. 

The peel and the opening forces were measured with a single test on each cup by 

peeling the entire lid instead of using the conventional 25 mm heat-seal-strip peeling 
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method. This method was helpful in finding the true opening force and the true peel force 

that the consumer experiences while opening the package. Temperatures vs. peel force 

plots were made at the different dwell times. For pre-retorted cups at each dwell time, the 

temperature vs. peel force plot showed a heat seal curve like nature. That is, the peel 

force initially changed rapidly with change small changes in temperature, then there was 

a flat plateau-like region where change in temperature did not affect the peel force, and 

later the peel force dropped with an increase in temperature due to the flowing of sealant 

material. For post-retorted cups the nature of peel forces changed and the temperature vs. 

peel force plot appeared to have a more linear nature (with the except of the 1.2 dwell 

time, which appeared more like a heat seal curve). The change in the peel force nature 

was attributed to the fact that polypropylene based sealant materials undergo cold-

crystallization when subjected to retort conditions. Due to cold crystallization, seal failure 

post-retort presumably occurs along the grain-boundaries. At all dwell times, temperature 

vs. peel force curves were higher for pre-retort than post-retort except at 215℃ where the 

peel strength pre-retort dropped as the sealant started flowing due to high temperatures.  

Similarly to the peel forces, temperatures vs. opening force plots were made at 

various dwell times. Pre-retort, the opening force curves showed behavior like a heat seal 

curve (except at 1 and 1.2 sec where the curve was a little more linear in the given 

temperature range). The opening force at 215℃ and 1.4 sec pre-retort dropped 

considerably due to excessive sealant flow that occurs due to a high temperature and high 

dwell time. Post-retort, the opening force curves at all dwell times increased linearly with 

increase in temperature (except at dwell time of 1 sec where the curve was similar to the 
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heat seal curve). At all dwell times, temperatures vs. opening force curves were higher 

for pre-retort than post-retort (except at 215℃ and 1.4 sec where the pre-retort opening 

force dropped considerably as explained before). 

Temperature vs. burst force plots were made at different dwell times pre- and 

post-retort. The burst forces pre-retort had high variability. This variability was because 

of the different modes of failure (cohesive / different degree’s of delamination / break) 

during bursts test for pre-retort cups. Post-retort, most of the bursts had cohesive failures 

(only 9 delamination out of 84) and they thus had less variability. Pre-retort, although 

there was high variability, the temperature vs. burst force curves at different dwell times 

increased linearly with increase in temperature. Similarly, a linear nature of curves was 

observed post retort (except at 0.8 sec where the curve was more like the heat seal curve). 

At dwell times of 1.2 sec and 1.4 sec, the temperature vs. burst force curves pre-retort 

were higher than the curves post retort. However, at lower dwell times the pre-retort and 

post–retort curves came very close to each other (0.8 sec dwell time) or crossed each 

other (1 sec dwell time) at a particular temperature. This was due to the variation of burst 

forces due to different modes of failure. 

The peel and the opening forces were measured on the same cup. It was found 

that the peel force and the opening force had a relationship for both pre- and post-retort. 

A simple regression analysis, using the sum of least squares method, was performed to 

find a relationship between them.  When the regression lines were compared for pre- and 

post retort (significance level of 0.1) it was found that the slopes were different while 

there was insufficient evidence that y-intercept was different. Thus, as the peel force 
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(independent variable) increased, the opening force (dependent variable) changed 

differently for the pre- and the post-retort conditions (as the slopes are different). 

Peel force vs. Opening Force 

Equation R2 

Pre-retort y = 4.5828 x + 2.7517 0.91 

Post-retort y = 3.61 x + 3.0837 0.94 

The burst force and the peel force were measured on different cups. To find a 

relationship, the burst forces were considered to be the proxy variables for the true burst 

forces of the cups that were destroyed while measuring the peel and opening forces. 

Instrument variables (dwell time and temperature) were incorporated using the two stage 

least square method to find the slope and the y-intercept. It was found that the burst force 

and the peel had a relation for both pre- and post-retort. When the regression lines were 

compared for pre- and post retort (at a significance level of 0.1) it was found that the 

slopes were different and the y-intercepts were different. As the burst force (independent 

variable) increased, the peel force (dependent variable) changed differently for the pre- 

and the post-retort conditions (as the slopes are different).  

Burst force vs. Peel Force 

Equation R2 

Pre-retort y = 0.0875 x – 1.0767 0.89 

Post-retort y = 0.118 x – 2.5902 0.91 
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The burst force and the opening force were also measured from different cups. A 

similar statistical method as that used to correlate burst force vs. opening force was used. 

It was found that the burst force and the opening force had a relationship for both pre- 

and post-retort. When the regression lines were compared pre- and post retort 

(significance level of 0.1), it was found that there is not enough evidence to prove the 

slopes and y-intercept are different but there was sufficient evidence that the center of 

both the lines were different. Thus it was concluded that, the trend lines for pre- and post-

retort were almost parallel. The trendline post-retort was lower than the one pre-retort. It 

was concluded that as the burst force was increased, the opening force changed in a 

similar manner for both pre- and post-retort.  

Burst force vs. Opening Force 

Equation R2 

Pre-retort y = 0.4243 x - 3.4915 0.88 

Post-retort y = 0.4360 x – 6.7236 0.87 

The peel force, the opening force and the burst force had a good relationship with 

each other for both pre- and post-retort. These regression lines were compared pre- and 

post-retort. The nature of the peel force, the opening force and the burst force was studied 

by varying the sealing parameters dwell time and temperature while pressure was kept 

constant. 
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Future recommendations 

There are opportunities for further research in this field. The new methods and 

techniques used in this research could act as a foundation for future research. Companies 

can use this research and create regression equations for their semi-rigid packages to 

reduce future testing.  

The effects on seal strength pre- and post-retort could be analyzed for different 

package materials, food products, headspaces, container shapes, cup sizes, seal widths, 

and flange types.  

It would be interesting to study how the seal strength changes post-retort for 

different packaging materials and sealants. The change would be different as each 

material may crystallize at different temperatures and may also have different 

crystallization rates. 

In the current research, water was used as a food product. Each food product 

expands differently in the retort. Thus it would be interesting to study the effect of 

different foods on seal strength post-retort. 

The effect of headspace variation on seal strength and burst pressure could be 

investigated. Container shapes, cup sizes, seal widths and flange types are different 

variables that could be studied. 

It would be interesting to study the effect of pressure inflation rates for burst 

testing. A study could be done to see if the inflation rates affect the burst force value and 

the mode of failure.  
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Appendix A 

Peel and Opening Force Data 

Tempera
ture	  C	  

Dwell	  
time	  
(sec)	   Pre/Post	  

Cup	  
Number	  

Peel	  Force	  
(Newton)	  

Opening	  
force	  

(Newton)	  
Mode	  of	  
failure	  

185	   0.8	   PRE	   164	   1.2864	   6.8545	   Cohesive	  
185	   0.8	   PRE	   246	   0.9416	   7.8742	   Cohesive	  
185	   0.8	   PRE	   193	   1.6160	   8.8000	   Cohesive	  
185	   1	   PRE	   47	   2.2681	   10.2756	   Cohesive	  
185	   1	   PRE	   124	   1.6724	   10.1137	   Cohesive	  
185	   1	   PRE	   140	   2.6574	   13.3980	   Cohesive	  
185	   1.2	   PRE	   333	   2.5067	   13.9074	   Cohesive	  
185	   1.2	   PRE	   194	   3.2148	   17.3538	   Cohesive	  
185	   1.2	   PRE	   173	   3.6713	   17.5506	   Cohesive	  
185	   1.4	   PRE	   181	   3.4085	   17.7449	   Cohesive	  
185	   1.4	   PRE	   326	   3.7534	   18.6022	   Cohesive	  
185	   1.4	   PRE	   177	   3.6172	   19.4022	   Cohesive	  
190	   0.8	   PRE	   231	   1.6759	   7.7869	   Cohesive	  
190	   0.8	   PRE	   162	   1.2773	   7.3861	   Cohesive	  
190	   0.8	   PRE	   68	   1.6143	   10.5434	   Cohesive	  
190	   1	   PRE	   245	   3.0213	   15.8032	   Cohesive	  
190	   1	   PRE	   154	   2.9218	   17.3256	   Cohesive	  
190	   1	   PRE	   263	   2.4674	   16.3308	   Cohesive	  
190	   1.2	   PRE	   170	   3.6357	   20.2143	   Cohesive	  
190	   1.2	   PRE	   279	   3.5963	   18.7704	   Cohesive	  
190	   1.2	   PRE	   125	   3.6225	   20.1853	   Cohesive	  
190	   1.4	   PRE	   149	   4.2248	   18.3882	   Cohesive	  
190	   1.4	   PRE	   235	   4.3255	   21.3617	   Cohesive	  
190	   1.4	   PRE	   126	   4.2999	   20.9931	   Cohesive	  
195	   0.8	   PRE	   113	   1.2636	   14.9773	   Cohesive	  
195	   0.8	   PRE	   103	   2.6453	   14.6404	   Cohesive	  
195	   0.8	   PRE	   183	   2.3097	   16.1787	   Cohesive	  
195	   1	   PRE	   200	   3.6752	   17.9691	   Cohesive	  
195	   1	   PRE	   138	   3.9272	   17.7972	   Cohesive	  
195	   1	   PRE	   218	   4.2382	   18.4927	   Cohesive	  
195	   1.2	   PRE	   66	   4.2307	   22.5620	   Cohesive	  
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Tempera
ture	  C	  

Dwell	  
time	  
(sec)	   Pre/Post	  

Cup	  
Number	  

Peel	  Force	  
(Newton)	  

Opening	  
force	  

(Newton)	  
Mode	  of	  
failure	  

195	   1.2	   PRE	   146	   3.5072	   19.0576	   Cohesive	  
195	   1.2	   PRE	   244	   4.5163	   20.0793	   Cohesive	  
195	   1.4	   PRE	   121	   4.4097	   28.7637	   Cohesive	  
195	   1.4	   PRE	   256	   4.3490	   21.3353	   Cohesive	  
195	   1.4	   PRE	   285	   4.9697	   25.3465	   Cohesive	  
200	   0.8	   PRE	   223	   2.4573	   18.6501	   Cohesive	  
200	   0.8	   PRE	   20	   3.5680	   17.3558	   Cohesive	  
200	   0.8	   PRE	   180	   2.8028	   18.9123	   Cohesive	  
200	   1	   PRE	   87	   3.7733	   19.2814	   Cohesive	  
200	   1	   PRE	   320	   3.8381	   21.0299	   Cohesive	  
200	   1	   PRE	   84	   3.9546	   20.1567	   Cohesive	  
200	   1.2	   PRE	   283	   3.8720	   23.5125	   Cohesive	  
200	   1.2	   PRE	   317	   4.9990	   23.6836	   Cohesive	  
200	   1.2	   PRE	   174	   4.7378	   25.6485	   Cohesive	  
200	   1.4	   PRE	   206	   5.3987	   26.2518	   Cohesive	  
200	   1.4	   PRE	   56	   4.6373	   26.1169	   Cohesive	  
200	   1.4	   PRE	   64	   5.0773	   26.4553	   Cohesive	  
205	   0.8	   PRE	   316	   3.7463	   17.0910	   Cohesive	  
205	   0.8	   PRE	   258	   3.5627	   18.3284	   Cohesive	  
205	   0.8	   PRE	   298	   3.4629	   17.2724	   Cohesive	  
205	   1	   PRE	   43	   4.6439	   21.2923	   Cohesive	  
205	   1	   PRE	   90	   3.8800	   19.8969	   Cohesive	  
205	   1	   PRE	   262	   4.5493	   19.9490	   Cohesive	  
205	   1.2	   PRE	   157	   4.4982	   27.8716	   Cohesive	  
205	   1.2	   PRE	   323	   5.8229	   25.2857	   Cohesive	  
205	   1.2	   PRE	   33	   5.0437	   26.0664	   Cohesive	  
205	   1.4	   PRE	   71	   6.4939	   29.7350	   Cohesive	  
205	   1.4	   PRE	   241	   5.3845	   24.6404	   Cohesive	  
205	   1.4	   PRE	   286	   6.2003	   31.0048	   Cohesive	  
210	   0.8	   PRE	   243	   3.9417	   18.6950	   Cohesive	  
210	   0.8	   PRE	   57	   3.3955	   19.9273	   Cohesive	  
210	   0.8	   PRE	   204	   3.0009	   18.8082	   Cohesive	  
210	   1	   PRE	   74	   3.9989	   20.8266	   Cohesive	  
210	   1	   PRE	   1	   4.6032	   22.4463	   Cohesive	  
210	   1	   PRE	   293	   4.6598	   21.5590	   Cohesive	  
210	   1.2	   PRE	   233	   4.6168	   25.4823	   Cohesive	  
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Tempera
ture	  C	  

Dwell	  
time	  
(sec)	   Pre/Post	  

Cup	  
Number	  

Peel	  Force	  
(Newton)	  

Opening	  
force	  

(Newton)	  
Mode	  of	  
failure	  

210	   1.2	   PRE	   139	   4.8963	   29.4649	   Cohesive	  
210	   1.2	   PRE	   312	   5.2867	   25.4189	   Cohesive	  
210	   1.4	   PRE	   13	   5.7485	   33.7753	   Cohesive	  
210	   1.4	   PRE	   189	   5.9970	   29.0130	   Cohesive	  
210	   1.4	   PRE	   266	   0.0000	   0.0000	   Cohesive	  
215	   0.8	   PRE	   77	   3.4270	   19.8346	   Cohesive	  
215	   0.8	   PRE	   178	   3.5254	   19.9426	   Cohesive	  
215	   0.8	   PRE	   185	   2.9833	   19.3298	   Cohesive	  
215	   1	   PRE	   31	   4.3921	   21.5271	   Cohesive	  
215	   1	   PRE	   296	   4.3666	   25.2111	   Cohesive	  
215	   1	   PRE	   8	   4.1358	   25.9619	   Cohesive	  
215	   1.2	   PRE	   42	   5.2085	   24.9514	   Cohesive	  
215	   1.2	   PRE	   305	   4.6057	   31.8302	   Cohesive	  
215	   1.2	   PRE	   167	   4.1630	   26.4860	   Cohesive	  
215	   1.4	   PRE	   135	   5.5638	   25.9824	   Cohesive	  
215	   1.4	   PRE	   291	   4.8082	   28.2608	   Cohesive	  
215	   1.4	   PRE	   290	   5.4846	   21.3042	   Cohesive	  
185	   0.8	   POST	   328	   0.1134	   3.8393	   Cohesive	  
185	   0.8	   POST	   267	   0.3612	   1.6821	   Cohesive	  
185	   0.8	   POST	   247	   0.2979	   3.6582	   Cohesive	  
185	   1	   POST	   55	   0.3427	   6.3789	   Cohesive	  
185	   1	   POST	   199	   1.3736	   7.5187	   Cohesive	  
185	   1	   POST	   85	   1.3334	   11.5168	   Cohesive	  
185	   1.2	   POST	   142	   2.3087	   12.5075	   Cohesive	  
185	   1.2	   POST	   24	   3.5082	   14.0155	   Cohesive	  
185	   1.2	   POST	   255	   1.7798	   11.8363	   Cohesive	  
185	   1.4	   POST	   182	   2.5639	   13.0840	   Cohesive	  
185	   1.4	   POST	   80	   3.2229	   12.8570	   Cohesive	  
185	   1.4	   POST	   224	   3.0218	   13.4588	   Cohesive	  
190	   0.8	   POST	   2	   1.2050	   12.8909	   Cohesive	  
190	   0.8	   POST	   237	   1.4974	   7.6575	   Cohesive	  
190	   0.8	   POST	   152	   0.8963	   9.6945	   Cohesive	  
190	   1	   POST	   11	   2.4544	   10.8606	   Cohesive	  
190	   1	   POST	   147	   2.0400	   14.1041	   Cohesive	  
190	   1	   POST	   104	   2.0186	   9.3721	   Cohesive	  
190	   1.2	   POST	   299	   2.7971	   15.0897	   Cohesive	  
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Tempera
ture	  C	  

Dwell	  
time	  
(sec)	   Pre/Post	  

Cup	  
Number	  

Peel	  Force	  
(Newton)	  

Opening	  
force	  

(Newton)	  
Mode	  of	  
failure	  

190	   1.2	   POST	   192	   2.9749	   13.2199	   Cohesive	  
190	   1.2	   POST	   22	   3.8891	   14.9892	   Cohesive	  
190	   1.4	   POST	   274	   3.3153	   16.7198	   Cohesive	  
190	   1.4	   POST	   70	   3.3784	   14.8652	   Cohesive	  
190	   1.4	   POST	   161	   3.2920	   17.2994	   Cohesive	  
195	   0.8	   POST	   332	   0.8466	   3.2698	   Cohesive	  
195	   0.8	   POST	   16	   1.4677	   10.9041	   Cohesive	  
195	   0.8	   POST	   107	   1.9950	   7.1378	   Cohesive	  
195	   1	   POST	   215	   2.6986	   13.1832	   Cohesive	  
195	   1	   POST	   308	   2.7015	   12.7896	   Cohesive	  
195	   1	   POST	   186	   2.9762	   13.7460	   Cohesive	  
195	   1.2	   POST	   250	   2.8330	   15.0124	   Cohesive	  
195	   1.2	   POST	   311	   3.4207	   14.4052	   Cohesive	  
195	   1.2	   POST	   3	   3.6225	   17.7790	   Cohesive	  
195	   1.4	   POST	   112	   3.6092	   15.8644	   Cohesive	  
195	   1.4	   POST	   211	   3.6497	   18.4537	   Cohesive	  
195	   1.4	   POST	   111	   3.7388	   17.6702	   Cohesive	  
200	   0.8	   POST	   89	   2.4380	   8.0528	   Cohesive	  
200	   0.8	   POST	   309	   3.1980	   14.6714	   Cohesive	  
200	   0.8	   POST	   72	   2.3234	   8.9892	   Cohesive	  
200	   1	   POST	   171	   3.6819	   15.1992	   Cohesive	  
200	   1	   POST	   108	   3.4400	   14.6858	   Cohesive	  
200	   1	   POST	   120	   2.8416	   14.1281	   Cohesive	  
200	   1.2	   POST	   115	   3.6439	   18.8719	   Cohesive	  
200	   1.2	   POST	   292	   3.5794	   15.8282	   Cohesive	  
200	   1.2	   POST	   17	   3.9470	   17.1688	   Cohesive	  
200	   1.4	   POST	   229	   4.0667	   17.4718	   Cohesive	  
200	   1.4	   POST	   19	   4.5682	   19.5526	   Cohesive	  
200	   1.4	   POST	   324	   4.2352	   19.8904	   Cohesive	  
205	   0.8	   POST	   37	   3.3648	   15.7908	   Cohesive	  
205	   0.8	   POST	   179	   3.0228	   8.7674	   Cohesive	  
205	   0.8	   POST	   99	   2.7690	   13.0916	   Cohesive	  
205	   1	   POST	   205	   3.5548	   15.5933	   Cohesive	  
205	   1	   POST	   38	   4.3605	   17.3847	   Cohesive	  
205	   1	   POST	   249	   3.5094	   14.5328	   Cohesive	  
205	   1.2	   POST	   69	   4.0575	   17.5319	   Cohesive	  
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Tempera
ture	  C	  

Dwell	  
time	  
(sec)	   Pre/Post	  

Cup	  
Number	  

Peel	  Force	  
(Newton)	  

Opening	  
force	  

(Newton)	  
Mode	  of	  
failure	  

205	   1.2	   POST	   96	   4.4354	   19.6018	   Cohesive	  
205	   1.2	   POST	   225	   4.5170	   17.8649	   Cohesive	  
205	   1.4	   POST	   144	   5.2087	   19.9921	   Cohesive	  
205	   1.4	   POST	   297	   4.5601	   20.1297	   Cohesive	  
205	   1.4	   POST	   190	   4.3750	   20.4221	   Cohesive	  
210	   0.8	   POST	   26	   3.2915	   15.1183	   Cohesive	  
210	   0.8	   POST	   330	   3.3964	   14.3364	   Cohesive	  
210	   0.8	   POST	   40	   3.2448	   13.6209	   Cohesive	  
210	   1	   POST	   300	   4.0124	   16.1901	   Cohesive	  
210	   1	   POST	   58	   4.4403	   15.9779	   Cohesive	  
210	   1	   POST	   105	   3.8617	   16.6146	   Cohesive	  
210	   1.2	   POST	   45	   4.5954	   20.4595	   Cohesive	  
210	   1.2	   POST	   79	   4.5514	   18.4722	   Cohesive	  
210	   1.2	   POST	   336	   4.9064	   21.0435	   Cohesive	  
210	   1.4	   POST	   269	   5.2869	   20.0803	   Cohesive	  
210	   1.4	   POST	   7	   4.9697	   23.4301	   Cohesive	  
210	   1.4	   POST	   36	   5.4758	   22.2870	   Cohesive	  
215	   0.8	   POST	   155	   3.6614	   16.8420	   Cohesive	  
215	   0.8	   POST	   321	   3.5612	   14.8451	   Cohesive	  
215	   0.8	   POST	   50	   3.9988	   17.6129	   Cohesive	  
215	   1	   POST	   302	   4.2149	   17.9159	   Cohesive	  
215	   1	   POST	   5	   4.5098	   17.9440	   Cohesive	  
215	   1	   POST	   265	   3.6010	   16.7721	   Cohesive	  
215	   1.2	   POST	   27	   5.1439	   21.6216	   Cohesive	  
215	   1.2	   POST	   227	   4.7614	   19.3620	   Cohesive	  
215	   1.2	   POST	   228	   5.3726	   21.7087	   Cohesive	  
215	   1.4	   POST	   315	   6.4565	   26.4715	   Cohesive	  
215	   1.4	   POST	   100	   6.1270	   26.4203	   Cohesive	  
215	   1.4	   POST	   25	   5.9820	   29.7613	   Cohesive	  
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Appendix B 

Burst Force Data 

Pre/po
st	  

retort	  
Temper
ature	  C	  

Time	  
(sec)	  

Cup	  
nos.	  

Burst	  
pressure	  
(kPa)	  

Mode	  of	  
failure	   Location	  

PRE	   185	   0.8	   14	   37.7626	   Cohesive	   Left	  
PRE	   185	   0.8	   148	   27.3032	   Cohesive	   Bottom	  
PRE	   185	   0.8	   6	   33.3499	   Cohesive	   Right	  
PRE	   185	   1	   54	   35.9975	   Cohesive	   Top	  
PRE	   185	   1	   230	   30.7024	   Cohesive	   Left	  top	  
PRE	   185	   1	   188	   36.1975	   Cohesive	   Top	  
PRE	   185	   1.2	   242	   46.4017	   Delamination	   Bottom	  
PRE	   185	   1.2	   272	   51.0419	   Delamination	   Left	  
PRE	   185	   1.2	   275	   50.0008	   Delamination	   Left	  
PRE	   185	   1.4	   114	   51.6969	   Cohesive	   Left	  
PRE	   185	   1.4	   151	   54.3031	   Delamination	   Top	  
PRE	   185	   1.4	   319	   59.5983	   Delamination	   Left	  
PRE	   190	   0.8	   280	   24.0972	   Cohesive	   Left	  bottom	  
PRE	   190	   0.8	   295	   37.5006	   Cohesive	   Left	  top	  
PRE	   190	   0.8	   236	   26.9033	   Cohesive	   Top	  
PRE	   190	   1	   253	   52.8001	   Delamination	   Left	  
PRE	   190	   1	   238	   39.3001	   Cohesive	   Top	  
PRE	   190	   1	   86	   41.4030	   Cohesive	   Top	  
PRE	   190	   1.2	   28	   56.9231	   Delamination	   Left	  
PRE	   190	   1.2	   18	   49.8008	   Delamination	   Left	  top	  
PRE	   190	   1.2	   287	   58.3779	   Delamination	   Left	  
PRE	   190	   1.4	   318	   58.3986	   Delamination	   Top	  
PRE	   190	   1.4	   98	   58.3986	   Delamination	   Left	  top	  
PRE	   190	   1.4	   159	   50.0008	   Delamination	   Left	  
PRE	   195	   0.8	   195	   30.8196	   Cohesive	   Right	  
PRE	   195	   0.8	   156	   28.1996	   Cohesive	   Left	  bottom	  
PRE	   195	   0.8	   131	   33.7981	   Cohesive	   Left	  bottom	  
PRE	   195	   1	   88	   40.2999	   Delamination	   Top	  
PRE	   195	   1	   109	   57.9573	   Delamination	   Left	  
PRE	   195	   1	   81	   51.6969	   Delamination	   Top	  
PRE	   195	   1.2	   44	   62.1011	   Delamination	   Top	  
PRE	   195	   1.2	   254	   58.3434	   Delamination	   Left	  top	  
PRE	   195	   1.2	   67	   58.9019	   Delamination	   Top	  
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Pre/po
st	  

retort	  
Temper
ature	  C	  

Time	  
(sec)	  

Cup	  
nos.	  

Burst	  
pressure	  
(kPa)	  

Mode	  of	  
failure	   Location	  

PRE	   195	   1.4	   241	   70.6023	   Delamination	   Left	  top	  
PRE	   195	   1.4	   197	   60.9014	   Delamination	   Left	  
PRE	   195	   1.4	   51	   66.6034	   Delamination	   Top	  
PRE	   200	   0.8	   176	   54.7995	   Delamination	   Left	  top	  
PRE	   200	   0.8	   234	   53.5033	   Cohesive	   Bottom	  
PRE	   200	   0.8	   219	   36.7973	   Cohesive	   Right	  top	  
PRE	   200	   1	   128	   54.9098	   Delamination	   Top	  
PRE	   200	   1	   169	   57.3023	   Delamination	   Left	  bottom	  
PRE	   200	   1	   313	   58.9295	   Delamination	   Top	  left	  
PRE	   200	   1.2	   12	   56.5715	   Delamination	   Right	  
PRE	   200	   1.2	   32	   58.3986	   Delamination	   Top	  
PRE	   200	   1.2	   117	   66.4999	   Delamination	   Left	  bottom	  
PRE	   200	   1.4	   73	   71.0987	   Break/delam	   Right	  top	  
PRE	   200	   1.4	   59	   56.9576	   Delamination	   Right	  top	  
PRE	   200	   1.4	   301	   60.5980	   Delamination	   Top	  
PRE	   205	   0.8	   92	   50.8971	   Delamination	   Top	  
PRE	   205	   0.8	   303	   56.7025	   Delamination	   Left	  top	  
PRE	   205	   0.8	   61	   57.5988	   Delamination	   Left	  top	  
PRE	   205	   1	   123	   62.7974	   Delamination	   Left	  top	  
PRE	   205	   1	   165	   58.5779	   Delamination	   Left	  top	  
PRE	   205	   1	   184	   62.8733	   Delamination	   Left	  
PRE	   205	   1.2	   222	   67.8996	   Delamination	   Top	  
PRE	   205	   1.2	   264	   55.9027	  
PRE	   205	   1.2	   278	   68.8993	   Delamination	   Left	  top	  
PRE	   205	   1.4	   53	   73.5326	   Delamination	   Right	  
PRE	   205	   1.4	   208	   70.6023	   Delamination	   Top	  
PRE	   205	   1.4	   48	   84.3987	   Break/delam	   Right	  
PRE	   210	   0.8	   261	   57.1024	   Delamination	   Top	  
PRE	   210	   0.8	   166	   43.2991	   Delamination	   Left	  
PRE	   210	   0.8	   130	   61.1013	   Delamination	   Top	  
PRE	   210	   1	   271	   57.3989	   Delamination	   Right	  
PRE	   210	   1	   21	   70.4989	   Break/delam	   Left	  
PRE	   210	   1	   310	   61.1979	   Delamination	   Top	  
PRE	   210	   1.2	   158	   74.6978	   Delamination	   Right	  
PRE	   210	   1.2	   172	   53.3034	   Delamination	   Top	  
PRE	   210	   1.2	   232	   70.0990	   Delamination	   Top	  
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Pre/po
st	  

retort	  
Temper
ature	  C	  

Time	  
(sec)	  

Cup	  
nos.	  

Burst	  
pressure	  
(kPa)	  

Mode	  of	  
failure	   Location	  

PRE	   210	   1.4	   82	   76.4973	   Delamination	   Left	  
PRE	   210	   1.4	   257	   80.9031	   Break/delam	   Top	  
PRE	   210	   1.4	   75	   81.3030	   Delamination	   Left	  
PRE	   215	   0.8	   91	   57.5023	   Delamination	   Left	  top	  
PRE	   215	   0.8	   331	   60.9014	   Delamination	   Left	  top	  
PRE	   215	   0.8	   137	   65.9001	   Delamination	   Top	  
PRE	   215	   1	   240	   64.3005	   Delamination	   Right	  
PRE	   215	   1	   4	   69.8025	   Delamination	   Top	  
PRE	   215	   1	   95	   64.9969	   Delamination	   Left	  bottom	  
PRE	   215	   1.2	   329	   77.5178	   Delamination	   Left	  bottom	  
PRE	   215	   1.2	   23	   72.6983	   Delamination	   Left	  bottom	  
PRE	   215	   1.2	   217	   69.2992	   Break/delam	   Bottom	  
PRE	   215	   1.4	   288	   84.1988	   Delamination	   Left	  bottom	  
PRE	   215	   1.4	   252	   79.7930	   Delamination	   Top	  
PRE	   215	   1.4	   94	   61.3013	   Delamination	   Left	  
POST	   185	   0.8	   294	  
POST	   185	   0.8	   34	   24.0007	   Cohesive	   Left	  top	  
POST	   185	   0.8	   196	   20.4016	   Cohesive	   Left	  
POST	   185	   1	   122	   42.0029	   Cohesive	   Left	  bottom	  
POST	   185	   1	   210	   33.1983	   Cohesive	   Right	  top	  
POST	   185	   1	   168	   38.7003	   Cohesive	   Left	  bottom	  
POST	   185	   1.2	   202	   37.3972	   Cohesive	   Right	  top	  
POST	   185	   1.2	   136	   42.2028	   Cohesive	   Left	  top	  
POST	   185	   1.2	   52	   44.0023	   Cohesive	   Left	  top	  
POST	   185	   1.4	   281	   48.2978	   Cohesive	   Left	  top	  

POST	   185	   1.4	   15	   48.0978	   Cohesive	  
Right	  
bottom	  

POST	   185	   1.4	   260	   51.6004	   Cohesive	   Right	  top	  
POST	   190	   0.8	   216	   17.2989	   Cohesive	   Right	  top	  
POST	   190	   0.8	   220	   31.7021	   Cohesive	   Right	  top	  
POST	   190	   0.8	   212	   26.2966	   Cohesive	   Left	  bottom	  
POST	   190	   1	   41	   46.2018	   Cohesive	   Right	  

POST	   190	   1	   10	   45.6019	   Cohesive	  
Right	  
bottom	  

POST	   190	   1	   248	   41.2031	   Cohesive	   Bottom	  
POST	   190	   1.2	   239	   46.8016	   Cohesive	   Right	  
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Pre/po
st	  

retort	  
Temper
ature	  C	  

Time	  
(sec)	  

Cup	  
nos.	  

Burst	  
pressure	  
(kPa)	  

Mode	  of	  
failure	   Location	  

POST	   190	   1.2	   133	   47.4980	   Cohesive	   Left	  bottom	  
POST	   190	   1.2	   132	   50.0973	   Cohesive	   Left	  bottom	  
POST	   190	   1.4	   251	   54.3031	   Cohesive	   Left	  bottom	  
POST	   190	   1.4	   306	   46.8981	   Cohesive	   Right	  top	  
POST	   190	   1.4	   335	   51.8968	   Cohesive	   Bottom	  
POST	   195	   0.8	   63	   29.9026	   Cohesive	   Bottom	  
POST	   195	   0.8	   145	  
POST	   195	   0.8	   150	   33.7016	   Cohesive	   Left	  bottom	  
POST	   195	   1	   322	   47.6979	   Cohesive	   Bottom	  

POST	   195	   1	   39	   49.2010	   Cohesive	  
Right	  
bottom	  

POST	   195	   1	   209	   45.0021	   Cohesive	   Top	  
POST	   195	   1.2	   201	   50.8971	   Cohesive	   Left	  bottom	  
POST	   195	   1.2	   46	   49.0010	   Cohesive	   Right	  top	  
POST	   195	   1.2	   119	   48.4012	   Cohesive	   Right	  top	  
POST	   195	   1.4	   116	   59.7017	   Cohesive	   Bottom	  
POST	   195	   1.4	   207	   53.3034	   Cohesive	   Left	  bottom	  
POST	   195	   1.4	   268	   57.3989	   Cohesive	   Left	  bottom	  
POST	   200	   0.8	   65	   42.0029	   Cohesive	   Bottom	  
POST	   200	   0.8	   35	   48.0013	   Cohesive	   Left	  bottom	  
POST	   200	   0.8	   198	   45.4020	   Cohesive	   Bottom	  
POST	   200	   1	   304	   47.0981	   Cohesive	   Bottom	  
POST	   200	   1	   106	   50.0008	   Cohesive	   Left	  bottom	  
POST	   200	   1	   175	   49.6974	   Cohesive	   Right	  
POST	   200	   1.2	   314	   56.1992	   Cohesive	   Bottom	  
POST	   200	   1.2	   325	   54.5996	   Cohesive	   Bottom	  
POST	   200	   1.2	   30	   53.5033	   Cohesive	   Left	  bottom	  
POST	   200	   1.4	   276	   58.7020	   Cohesive	   Left	  top	  
POST	   200	   1.4	   284	   67.4031	   Cohesive	   Left	  bottom	  
POST	   200	   1.4	   143	   59.9982	   Cohesive	   Bottom	  
POST	   205	   0.8	   191	   47.4015	   Cohesive	   Bottom	  
POST	   205	   0.8	   127	   48.2012	   Cohesive	   Bottom	  
POST	   205	   0.8	   102	   47.8979	   Cohesive	   Left	  bottom	  

POST	   205	   1	   83	   56.1992	   Cohesive	  
Right	  
bottom	  

POST	   205	   1	   141	   52.2967	   Cohesive	   Right	  
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ature	  C	  

Time	  
(sec)	  

Cup	  
nos.	  

Burst	  
pressure	  
(kPa)	  

Mode	  of	  
failure	   Location	  

bottom	  
POST	   205	   1	   129	   51.0005	   Cohesive	   Left	  bottom	  
POST	   205	   1.2	   93	   59.5983	   Cohesive	   Right	  top	  
POST	   205	   1.2	   226	  
POST	   205	   1.2	   163	   59.9982	   Delamination	   Top	  
POST	   205	   1.4	   134	  

POST	   205	   1.4	   289	   68.2995	   Cohesive	  
Right	  
bottom	  

POST	   205	   1.4	   78	   65.5002	   Delamination	   Right	  
POST	   210	   0.8	   187	   46.8981	   Cohesive	   Top	  
POST	   210	   0.8	   118	   49.4975	   Cohesive	   Right	  
POST	   210	   0.8	   334	   53.5033	   Cohesive	   Top	  
POST	   210	   1	   62	   52.4002	   Cohesive	   Left	  
POST	   210	   1	   273	   55.3028	   Cohesive	   Right	  
POST	   210	   1	   110	   51.6969	   Cohesive	   Right	  
POST	   210	   1.2	   307	   61.2185	   Cohesive	   Top	  
POST	   210	   1.2	   101	   55.7027	   Cohesive	   Right	  
POST	   210	   1.2	   29	   59.9017	   Cohesive	   Bottom	  
POST	   210	   1.4	   153	   61.1013	   Delamination	   Right	  
POST	   210	   1.4	   49	   65.0589	   Delamination	   Right	  

POST	   210	   1.4	   213	   67.0998	   Cohesive	  
Right	  
bottom	  

POST	   215	   0.8	   259	   50.8971	   Cohesive	   Left	  top	  

POST	   215	   0.8	   97	   50.2007	   Cohesive	  
Right	  
bottom	  

POST	   215	   0.8	   327	   45.6985	   Cohesive	   Right	  top	  
POST	   215	   1	   203	   59.1019	   Cohesive	   Top	  
POST	   215	   1	   9	   56.5991	   Cohesive	   Left	  bottom	  
POST	   215	   1	   277	   58.8330	   Cohesive	   Left	  top	  
POST	   215	   1.2	   221	   58.7985	   Cohesive	   Top	  
POST	   215	   1.2	   60	   69.4026	   Delamination	   Top	  
POST	   215	   1.2	   270	   63.1008	   Delamination	   Right	  top	  
POST	   215	   1.4	   282	   66.1966	   Delamination	   Left	  top	  
POST	   215	   1.4	   160	   69.4992	   Delamination	   Right	  
POST	   215	   1.4	   76	   72.1398	   Delamination	   Right	  top	  
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Appendix C 

Creep Force Data 

Pre/post 
Temperature 

(Celsius) 
Dwell time 

(sec) 
Lowest burst 
force (kPa) 

Approx. 0.8 times 
lowest burst force 

(kPa) 

Pass/Fail 
for 15 

sec 
PRE 185 0.8 27.30 22 Pass 
PRE 185 1 30.70 24 Pass 
PRE 190 0.8 24.09 19 Pass 
PRE 190 1 39.30 31 Pass 
PRE 195 0.8 30.81 25 Pass 
PRE 195 1 40.29 32 Pass 
PRE 200 0.8 36.79 29 Pass 
PRE 200 1 54.90 44 Pass 
Post 185 0.8 20.40 16 Pass 
Post 185 1 33.19 26 Pass 
Post 190 0.8 17.29 13 Pass 
Post 190 1 41.20 32 Pass 
Post 195 0.8 29.90 23 Pass 
Post 195 1 45.00 36 Pass 
Post 200 0.8 42.00 34 Pass 
Post 200 1 47.09 38 Pass 
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