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#1
• Based on the given material properties and inserted into the Excel sheet properly, the rest of the material properties were changed accordingly 

and properly by checking their equations of the excel sheet

• Material properties are:



#1
• Constraints

o Maximum fiber strain should not exceed 1%

o Material properties given should be used

• Assumptions

o Presume a finite element model and requested section forces from Abaqus extracted the stress and bending resultants N & M

• Problem Statement: Come up with several combinations of N & M to come up with stacking sequences with the excel document 

With no changes to the excel sheet except the material properties, we see with default N & M:

Using 4 active plies from the 
midplane, meaning there is a 
total 8 plies, we can for the 
default N & M, we see:

• 2 plies that are under the 1% 
max strain

• 2 plies that are over the 1% 
max strain

• The two plies that fail the max strain 
(1%) are the plies closest and farthest  
from the Loc Midplane



#1 First Combination of N & M

• Changing the values for N & M, it showed that changing the values for Nxx and Nyy solved our 
problem of max strain for those 2 plies as shown:

• It seems as if having a smaller negative N in the yy direction and a smaller positive N in the xx direction 
solved our problem of having too much strain in the closest and farthest plies from the midplane location

• From multiple iterations it was found that increasing the Nyy to have a larger, negative value would introduce 
more strain towards all three plies farthest from the Loc Midplane (2, 3, 4)

Combination #1



#1 Second Combination of N & M

• Building off Combination #1, and not changing the value of Nxx and Nyy, we can see the effect on 
strain the other resultant forces and moments have on it:

• From only changing the resultant force Nxy, we can see only the 2 middle plies (2, 3) between the closest and 
farthest plane from Loc Midplane (1 , 4) were affected
o A greater, positive Nxy value decreased the strain on plies 2 and 3 significantly

▪ This may be due to the +75, - 75 plies, their orientation, that is better at absorbing shear, and since the 
laminate is symmetric, no coupling between bending and extension exists

Combination #2



#1 Third Combination of N & M

• Building off Combination #3, and not changing the value of Nxx, Nyy, Nxy, we can see the effect on 
strain the other resultant moment (Mxy) have on it:

• From only changing the resultant moment Mxy, we can see all the strains for each ply were altered
o The closest ply to the midplane location (1) being the least affected by the change in Mxy
o However, plies (2, 3, 4) showed massive changes in their strain but still within the maximum strain of 1%

• This behavior is to be expected as applying a more negative Mxy WILL show higher strain at the outermost plies 
because:
o The bending moments like Mxy create curvatures, and curvature-induced strain incrase with distance from 

the midplane

Combination #3



#1 Fourth Combination of N & M

• Building off Combination #4, and not changing the value of Nxx, Nyy, Nxy, and Mxy we can see the 
effect on strain the other resultant moments (Mxx & Myy) have on it:

• From changing the resultant moments Mxx and Myy, we can see all the strains for each ply were altered to having 
the same positive moment:
o Although still within the constaint of having a maximum strain of 1%, all the plies were affected by the 

changes as plies (1 and 4) showed a decrease in strain but plies (2 and 3) showed an increase in strain which is 
be expected from ± 75 plies as they can handle more strain to relieve the other plies from too much strain 
referring to some load distribution happening

Combination #4



#1 Fourth Combination of N & M

• Building off Combination #4 more, and making more plies active with their corresponding ply angles 
(theta) we can see from the 12 plies:

• From this change, as we 
expected:
o There would smaller strains 

at the original 4 plies from 
the midplane location as 
there are more plies for 
load distribution

o Therefore, sharing the 
strain and bending from the 
resultant forces and 
moments across all 24 plies



#2 Module 5 Abaqus

• My results will look different than video but, numerical 

data should remain the same

• Using 22 plies for model 2 

• Using thickness of 0.009



#2 Module 5 Abaqus

• Model 1

• Used 11 plies, with 0.009” thickness 

• Setup is shown below



#2 Module 5 Abaqus

• Model 1 – Results (S11)

• Ply-1 = -5.556E05 (Matches online data)

• Ply-2 = 6.78E05 (Matches online data)

• Ply-3 and 5 = Same 

• Ply-6 (90°) = 1.911E06 (Matches online data) 



#2 Module 5 Abaqus

• Model 1 – Results (S22)

• S22 data also matches up with online results

• Ply-1 = 1.212E04 (Matches online data)

• Ply-4 = 6.097E05 (Matches online data)



#2 Module 5 Abaqus

• Model 1 – Results (E11)

• E11 data also matches up with online results

• Ply-2 = 3.435E02 (Matches online data)



#2 Module 5 Abaqus

• Model 1 – Results (E22)

• E22 data also matches up with online results

• Ply-1 and Ply-11 = 3.435E02 (Matches online data)

• Makes sense both 0 degrees

• Ply-2 = 3.453E-02

• Ply-6 = -3.095E-02



#2 Module 5 Abaqus

• Model 2 – Setup 

• 22 plies are cut using datum planes



#2 Module 5 Abaqus

• Model 2 – Results 

• Ply-2 = 6.78E05 (Matches model 1 data)

• Ply-1 = -5.556E05 (Matches model 1 data) 



#2 Module 5 Abaqus

• Model 3 – setup 

• Conventional shell setup

• 11 total ply’s - made symmetric 



#2 Module 5 Abaqus

• Model 3 – (S11)

• Ply-1 = -5.561E05 (Matches online data and other models)

• Ply-8 = 6.101E04 (Matches other models)



#2 Module 5 Abaqus

• Model 3 – (E22)

• Ply-1 and 11 = 1.003E-01

• Ply-8 = 6.722E-03 

• slightly higher than expected, but matches regardless



#2 Module 5 Abaqus

• Conclusion 

• All three Models (1,2,3) match up with each other

• Shown below in three images 

• Means that all three methods are accurate ways to model a composite layup

• (S11) Ply-1 = -5.556E05  

Shell method – Model 3Stacking sequence method– Model 2One Element though thickness – Model 1



#2 Module 6 Abaqus

• Track reference midplane 



#2 Module 6 Abaqus

• Bottom is constrained 

• -45 and 40 applied load at the top of figure

• Where purple arrows are

• Applied mesh 



#2 Module 6 Abaqus

• SM results 



#2 Module 6 Abaqus

• Comparing Nodal values to excel spreadsheet like in the video 

• The results are almost exact/comparable 

• Excel sheet does a good job



#2 Module 6 Abaqus

• Comparing more nodal values to excel sheet



#2 Module 6 Abaqus

• Added in the ABD matrix for second model

• Calculated in excel and inputted values to see how values compare to Abaqus



#2 Module 6 Abaqus

• On the left of the viewport, is the hand calculated ABD matrix 

• On the right of the viewport is the Abaqus calculated values based on engineering constants

• We can see the results are almost exactly the same 



#2 Module 3 Abaqus

• Model 1

• Using the effective properties from Chou’s theory and using one element through the thickness 

• This is the model setup with constraints shown below



#2 Module 3 Abaqus

• Model 1 – reference point 1 load 

• Matches the online video 



#2 Module 3 Abaqus

• Model 1- reference 2 load

• Matches online video 



#2 Module 3 Abaqus

• Model 2 – Abaqus calculated effective properties 

• Solid section where the stack direction = 3

• Results for reference point 2 shown to the right (Y-direction)

• Matches data from model 1 



#2 Module 3 Abaqus

• Model 2 – reference 2 

• 41882.7 matches closely with online data 



#2 Module 3 Abaqus

• Model 3 – Results shown 

• Every ply was modeled in the part 

• All 22 ply’s

• Results match video guidelines



#2 Module 3 Abaqus

• Model 4 – shell element 

• Results shown to the right 

• Matches online video



#2 Module 3 Abaqus

• Conclusion For Module 3, 5, and 6 

• All approaches work when characterizing a part 

• That being said, Model 1 - where effective properties are input and a single element is used through the entire thickness - is 

less accurate compared to a more detailed model

• Modeling each ply individually using datum planes and explicitly cutting out each layer provides greater accuracy of composite 

behavior

• The ply-level approach can capture the true stress distribution

• Using shell elements can also characterize the mid plane stress fairly accurately and can save time
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