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#1 
• Kevlar 49/Epoxy material 

• [0/30/90/45/0]s 

• Thickness = 0.009 in.

• Laminate total = 0.009 (10) = 0.09 in. 

• Subjected to pressure 

• Radius = 10 in.

• 1.5%, 1.4%, 1.6%, 1.45%, 1.6%, 1.55%

• Factor of safety = 1.5

• A-basis allowable = 99% in 95% confidence window (1 in 100 specimens will fail with 

95% confidence level)

• Using the “Composite Material Handbook. Volume 1. Polymer matrix 

Composites” found online I am able to find the statistical methods for A-Basis 

allowables  
• https://apps.dtic.mil/sti/tr/pdf/ADA426516.pdf (A-basis CHARTS - composites) (pg. 565)

• For a sample size n = 6, KA = 5.062

• Calculate A-basis allowable

• 𝜀𝐴 = 𝑢 − 𝐾𝐴 ∙ 𝜎 = 0.01517 – 5.062 (0.000745) = 0.011399

• Apply F.S. to A-basis allowable

• 𝜀𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 =
0.11399

1.5
= 0.007599

• Apply Margin of safety on top 

• 𝑀𝑆 =
𝜀𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒

𝜀𝑎𝑐𝑡𝑢𝑎𝑙
− 1 = 0.15

• 𝜀𝑎𝑐𝑡𝑢𝑎𝑙 =
𝜀𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒

1.15
=

0.007599

1.15
= 0.006607 

https://ntrs.nasa.gov/api/citations/20040111395/downloads/20040111395.pdf

https://apps.dtic.mil/sti/tr/pdf/ADA426516.pdf - (A basis CHARTS - composites)

https://ntrs.nasa.gov/api/citations/20040111395/downloads/20040111395.pdf
https://apps.dtic.mil/sti/tr/pdf/ADA426516.pdf


#1 Cont. 
• Kevlar 49

• Tensile modulus 18E6 Psi (shown in table data) 

• Max allowable pressure

• 𝜎ℎ𝑜𝑜𝑝 =
𝑝𝑟

𝑡

• 𝑝 =
𝑡∙𝐸∙𝜀

𝑅
=

0.09∙18𝐸06∙0.006607

10
=1,070.334 psi

• Maximum pressure the vessel can handle with margin of safety accounted for MS ≥ 15%

• 10,704 Psi 

• The most critical ply angle are the 90 degrees plies, where the 0-degree plies would be 

aligned. This is where max strain is located

https://www.dupont.com/content/dam/dupont/amer/us/en/safety/public/documents/en/Kevlar_Technical_Guide_

0319.pdf

https://www.dupont.com/content/dam/dupont/amer/us/en/safety/public/documents/en/Kevlar_Technical_Guide_0319.pdf
https://www.dupont.com/content/dam/dupont/amer/us/en/safety/public/documents/en/Kevlar_Technical_Guide_0319.pdf


#2 
• Failure modes for sandwich structures 

• Buckling and face wrinkling 

• Overall elastic instability 

• Intracell buckling – the core cell size has to be small enough to 

precent intra cell buckling 

• Skin wrinkling – compressive modulus of the facing skin and 

the core compression strength need to be high enough to 

prevent skin wrinkling

• Core shear failure

• Core carries majority of transverse shear loads

• Facesheet-core debonding  

• Facesheet failure 

• Facesheet intralaminar and interlaminar failure 

• In-plane compression load due to bending or axial loads

• Facesheet Dimpling (intercellular buckling) 

• Core crushing (core indentation)

• Out of plane concentrated loads 

• Shear crimping 

• Shear instability failure 

• Core thickness and shear modulus must be adequate to prevent 

the core from premature failure in shear under end 

compression loads 

https://www.nature.com/articles/s41598-024-64198-y

https://www.nature.com/articles/s41598-024-64198-y


#3 
• Sandwich structures (cores)

• Honeycomb – High stiffness to weight ratio, high compressive and 

shear strength, good thermal and acoustic insulation

• Nomex and Korex – Aramid paper that is flame resistant, 

has good insulating properties, low dielectric properties, and 

good formability 

• Thermoplastics – Good insulation, energy absorption, 

moisture and chemical resistance, clean, and low cost

• Aluminum – High strength to weight ratio, good energy 

absorption, good heat transfer and EMI shielding, low cost 

• Steel – Strong heat resistance, good thermal and 

electromagnetic properties, heavier 

• Specialty metals (Titanium) – Expensive, high strength to 

weight ratio, excellent heat and chemical resistance

• Fiberglass – formable, low dielectric, good insulation, can 

be manipulated for good shear properties 

• Carbon fiber – high stiffness, low thermal expansion, 

stable at extreme temperatures, but expensive

• Ceramics – expensive, delicate, high temperature 

resistance, good insulation, small cell sizes

https://enhancedcomposites.com.au/shop/aramid-honeycomb-

nomex-core-carbon-fibre-plate-7mm-x-1900mm-x-800mm/

Nomex core (example)

https://enhancedcomposites.com.au/shop/aramid-honeycomb-nomex-core-carbon-fibre-plate-7mm-x-1900mm-x-800mm/
https://enhancedcomposites.com.au/shop/aramid-honeycomb-nomex-core-carbon-fibre-plate-7mm-x-1900mm-x-800mm/


#3 Cont. 
• Sandwich structures (cores)

• Foam Cores 

• Fiber based / soft core – hybrid soft-hard composites, low 

density, flexible, fatigue resistant, not rigid, NOT used as 

structural sandwich core

• Dyneema Core 

• Polyetherimide – Closed cell, high performance, excellent 

strength, hear and solvent resistant, dimensional stability, 

expensive

• Rohacell

• Polyvinyl chloride – Closed cell, medium to high density 

foam, strong, durable, fire resistant, formable with head, and 

resin compatible

• Divinycell

• Airex

• Polypropylene – adhesive and epoxy compatible, dissolves in 

fuel and solvents, can be cut 

• Polyurethane- Inexpensive, flame resistant, easily shaped

• Last-A-Foam 

• Phenolic – low mechanical strength, lightweight, fire resistant

• Polystyrene – Closed cell, aircraft grade, high compressive 

strength, water resistant, easily shaped

• Depron 

https://dragonplate.com/carbon-fiber-sheets-with-

core#/orderby=5&pagenumber=3

Comparison of different Foam, wood, and honeycomb 

structures

https://dragonplate.com/carbon-fiber-sheets-with-core#/orderby=5&pagenumber=3
https://dragonplate.com/carbon-fiber-sheets-with-core#/orderby=5&pagenumber=3


#3 Cont. 
• Sandwich structures (cores)

• Corrugated – Core is embraced of a corrugation sheet between two 

thin surface sheets (can be trapezoidal or sinusoidal)

• High strength-to-weight ratio 

• Enables structure to act as single thick plate 

• Opposes bending, twisting, and vertical shear 

• Resist vertical deformations 

• Balsa wood and birch core (wood)

• Sustainable and biodegradable

• High stiffness to weight ratio 

• Good fatigue properties and bonding characteristics

• High compressive and shear strength

• Lattice/truss core

• Load distributed over a large area

• High strength to weight ratio 

• High energy absorption 

• Mechanical properties can be changed 

• Used in additive manufacturing 

https://www.researchgate.net/figure/A-corrugated-core-

sandwich-structure-concept-for-Integrated-Thermal-Protection-

System_fig11_268475275

Corrugated core

https://www.researchgate.net/figure/A-corrugated-core-sandwich-structure-concept-for-Integrated-Thermal-Protection-System_fig11_268475275
https://www.researchgate.net/figure/A-corrugated-core-sandwich-structure-concept-for-Integrated-Thermal-Protection-System_fig11_268475275
https://www.researchgate.net/figure/A-corrugated-core-sandwich-structure-concept-for-Integrated-Thermal-Protection-System_fig11_268475275


#4 
• Key formulas for failure modes

• Face wrinkling instability

• Dr. Scott pecks version

• Face wrinkling load (The edge load applied to the entire sandwich panel)

• 𝑁𝑥 = 4 β𝐷11
𝑓

• Where B is the foundational modulus

• β =
𝐺𝑐

ℎ𝑐

• And D is the bending stiffness of a single faceskin

• 𝐷11
𝑓
=

𝐸𝑓⋅𝑡𝑓
3

12 1−ν𝑓
2

• Another more accurate example of face wrinkling instability can be derived 

– shown below

• σ𝑓𝑤 =
3

12 3−ν𝑐𝑥𝑧
2 1+ν𝑐𝑥𝑧

2 −1/3 𝐸𝑓𝑥
1/3

𝐸3
2/3

• Where 𝐸𝑓𝑥 = The modulus of elasticity of the facesheet in the x-

direction

• Where 𝐸3 = Modulus of elasticity of the core material in the z - 

direction (thickness)

• Where 𝑣𝑐𝑥𝑧 = The Poisson’s ratio 

• c = Core 

• xz = Coupling between the x and z directions

• Best, most conservative approach in general

• Skin stress at failure

• 0.76(𝐸𝑓𝐸𝑐𝐸𝐶)
1

3 



#4 Cont. 
• Key formulas for failure modes

• Face dimpling Intercellular buckling

• Dr. Scott Peck’s  version

• Generalized approximation 

• Buckling load of the face sheet over a single honeycomb cell, 

expressed in terms of the overall load applied to the entire 

sandwich structure

• ෪𝑁𝑥 =
8

𝑑2
𝐷11
𝑓
+ 2𝐷12

𝑓
+ 𝐷22

𝑓

• Where 𝑁𝑥 = The stress resultant

• Where d = The characteristic dimension 

• Where 𝐷11
𝑓

 𝐷12
𝑓

 𝐷22
𝑓

 = Bending stiffens in the x, y, 

and z directions

• Intercellular buckling

• Findingf the interfacial facesheet compressive stress

• σ𝑓𝑖 =
2𝐸𝑓𝑥

1−ν𝑓𝑥𝑦
2

2𝑡

α

2

• Where 𝐸𝑓𝑥 = The modulus of elasticity of the 

facesheet

• Where 𝑣𝑓𝑥𝑦 = The Poisson’s ratio of the facesheet 

• Where 𝑡 = The thickness of the facesheet 

• Where 𝛼 = The cell size 

 

• Overall elastic instability

• Find the critical in-plane loading 

• ෪𝑁𝑥 =
π2𝐷11

𝑎2+
π2𝐷11
ℎ𝐺13

• Where 𝐷11 = The bending stiffness of the facesheet in 

the x – direction

• Where 𝑎 = The length of the buckling mode

• Where h = The thickness of the core

• Where 𝐺13 = The shear modulus of the core 

• Shear Crimping

• ෪𝑁𝑥 =
4π2𝐷11

𝑏2+
4π2𝐷11
ℎ𝐺13

• Where 𝑏 = The length of the buckling mode

• We know all the other variables as shown above

• The approximation is as follows

• ෪𝑁𝑥 = ℎ𝐺13

• Where h = the core thickness 

• Where 𝐺13 = The shear modulus of the core 



#5 
• Benefits of sandwich structure compared to laminates

• For similar weight, bending stiffness is higher 

• Greater resistance to buckling 

• Under bending moment there is less facesheet stress

• The comparison between a laminate and a sandwich structure can be shown using the following 

equation

σ𝑙𝑎𝑚
σ𝑠𝑎𝑛𝑑

=
𝐷𝑠𝑎𝑛𝑑
𝐷𝑙𝑎𝑚

⋅
1

1 + ℎ/𝑓
=
1 +

𝐸𝑐

𝐸𝑓
ℎ
𝑓

3

+ 3
ℎ
𝑓

+ 3
ℎ
𝑓

2

1 + ℎ/𝑓

• The further apart the facesheet, the greater the bending stiffness

• In class we did an example:

• If Ef = 10 Msi, Ec = 1 ksi, h = 1 in., and f =0.05 inch 

• We get a 60x greater strength on the sandwich than we do on the laminate structure 



#6 
• 5 applications where sandwich structures are used in industry

• Aircraft

• Boeing 747 – half the surface of the wing, leading and trailing edges made out of 

glass fiber and Nomex, belly fairing 

• Flaps are made with sandwich structure but have aluminum honeycomb 

cores   

• Airbus A320, A330, A340 

• belly fairing, the nacelles, the front landing gear doors, some ailerons and 

rudder all made out of sandwich structures

• https://www.sciencedirect.com/science/article/pii/S2666682020300049

https://www.sciencedirect.com/science/article/pii/S2666682020300049


#6 Cont. 
• 5 applications where sandwich structures are used in industry

• Construction 

• Paneling on walls, roofs, floors 

• I-Beams with honeycomb core 

• Marine structures 

• Decks 

• Hull panels and bulkheads 

• Interior walls/reinforcement areas

• Automotive industry

• Used in motorsport for light weight, strong mechanical properties

• Hood - Combining thermoset and thermoplastic polymers with 

reinforcing fibers, has great impact resistance, good strength to 

weight ratio

• Chassis – syntactic foam used as a common core material 

• Bumpers, doors, roofs, trunk, leaf springs 

• Defense/military 

• Armor systems, vehicle hulls, blast protections

• Lightweight ballistic protection systems 

• Military is a combination of many industries

https://ars.els-cdn.com/content/image/1-s2.0-S2307187724000440-ga1_lrg.jpg

https://www.sciencedirect.com/science/article/pii/S2307187724000440

https://ars.els-cdn.com/content/image/1-s2.0-S2307187724000440-ga1_lrg.jpg
https://www.sciencedirect.com/science/article/pii/S2307187724000440


#7 
• Using excel calculator compared to problem 1

• Excel calculator – Aluminum core 5056 

• + 1 in. thick 

• Plate 5x5 in 

• Subject to bending loads 𝑀𝑥𝑥 = 1000 lbs. and 𝑀𝑦𝑦 = -2000 lbs.

• Moment applied 𝑀𝑥𝑦 = 300 lbs. 

• Weight comparison –

• The sandwich structure is significantly heavier

• The laminate weighs 0.1136 lb. and the sandwich weighs 2.6273 lb. 

• Weight increase in the sandwich by 23.12%

• Strength comparison – 

• The sandwich structure shows much lower fiber stress and strains, 

due to bending stiffness from the thick core

• The curvatures for kx and ky are lower for the sandwich = less 

deformation

• The laminate will fail and cannot carry these loads

• The load distribution – 

• The core carries almost – no in-plane stress but has a large moment 

• Stresses are taken up by the outer composite facesheets 

σ𝑙𝑎𝑚
σ𝑠𝑎𝑛𝑑

=
𝐷𝑠𝑎𝑛𝑑
𝐷𝑙𝑎𝑚

⋅
1

1 + ℎ/𝑓
=
1 +

𝐸𝑐

𝐸𝑓
ℎ
𝑓

3

+ 3
ℎ
𝑓

+ 3
ℎ
𝑓

2

1 + ℎ/𝑓



#7 
• Using excel calculator compared to problem 1

• Excel calculator – Aluminum core 5056 



#8 
• Abaqus Part A – Setup

• [0/45/45/0] woven

• Thickness of core = 0.75 

• Length = 13 in. 

• P length = 5 in. 

• Width = 2 in. 

• E11 = E22 = 22 Msi

• V12 = 0.05 

• G12 = 0.78 Msi 

• G13 = 0.5 Msi 

• G23 = 0.5 Msi 

• Ec = 10877 

• V= 0.3 

• Tensile strength = 200 psi 

• Material properties are set for both the Core and the Facesheet following the directions of the problems 

• The values are different than the shown video



#8 
• Abaqus Part A – Setup

• [0/45/45/0] woven

• Thickness of core = 0.75 

• Length = 13 in. 

• P length = 5 in. 

• Width = 2 in. 

• E11 = E22 = 22 Msi

• V12 = 0.05 

• G12 = 0.78 Msi 

• G13 = 0.5 Msi 

• G23 = 0.5 Msi 

• Ec = 10877 

• V= 0.3 

• Tensile strength = 200 psi 

• Material properties for the shell material (Facesheet) is applied in the composite layup section

• The ply orientation, thickness (0.008 in), and integration points are set

• The ply is made symmetric = 4 total plies 

• The facesheets are partitioned to simulate the 3-pt bending test

• Shown with the two lines on the lower image



#8 
• Abaqus Part A – Setup

• The material interaction is set on the bottom and top of the core 

• Boundary conditions on the left side of the facesheet are set to symmetric 

(Encastre) 

• There is a rotating boundary condition on the right-side partition 

• The load is then set to 128.2 as calculated in the video and placed on the 

left most edge – in-between the partition and the edge

• This loading condition was a mistake, the proper applied load should be 

P=F/A = 100/2 x 0.2 = 250 psi



#8 
• Abaqus Part A – Setup 

• The mesh setup is shown above 

• Quad-structured mesh with seeded edges = 0.1 



#8 
• Abaqus Part A- Results

• The contour plot represents the S11 strains for both the core and the 

facesheet – indicating where the material is experiencing the highest stress

• Half the composite is mirrored to simulate the full bending test. This is 

achieved using the symmetrical and simple support boundary conditions



#8 
• Abaqus Part A- Results

• S11 for ply 1 and the following symmetric ply contour plots are shown below

• For S11 we see a max load of 7970 psi in ply 1

• We know that S22 results have a great stress concentration on the pressure load 

coming down. S11 is greater for pressure loads going up 

• The middle plies (like ply 2 and its symmetric pair) are experiencing much lower 

axial stress, reinforcing that bending is the dominant loading mode, not pure tension 

– shown in the next slide



#8 
• Abaqus Part A- Results 

• S11 for ply 2 and the following symmetric ply contour plots are shown 

below

• These are much lower than ply 1 which makes sense 

• S11 in ply 2 has a max stress concentration of 2126 psi

• More than half of what the S11 max stress was 

• Also, note that in the symmetric plies, the max stress is lower in the 

second ply by more than half as well

•  Outer ply angles and orientations have a more critical role in determining 

strength 



#8 
• Abaqus Part A – Results

• The S12 contour plot visualizes the stress concentration for the core of the 

composite structure

• The image on the right shows the uniform stress concentrations in 

light blue and blue colors  

• The maximum principal stress is 36.5 psi (on the right)

• The max S11 of the core is 53.5 psi



#8 
• Abaqus Part A- Results

• The S12 maximum principal stress is 36.5 psi 

• This is plotted in the image below with section points by 

taking the cross section of the core 

• These values match the contour plot figures

• An image of the Ply angles and ply number (4) with 

there orientation is shown in the above image 

• Our tensile strength is 200 Psi thus, our core can take 

this pressure load easily with plenty of margin



#8 
• Abaqus Part A – Results

• Ply orientation visualization 

• This is not needed in the problem but a good example of what the 

software can do



#8 
• Abaqus Part B – Setup 

• The setup for Part A and Part B are the same except for 

• The governing dimensions of the part

• The 4pt bending setup partitions on the facesheet show below



#8 
• Abaqus Part B – Results

• Keep in mind we used the incorrect pressure of 266 psi as used in the 

video; I was supposed to calculate F = P/A

• The S11 stress concentration is shown below, where the highest stress 

concentration is on the bottom facesheet at 10,340 psi

• There is both compressive stress and tensile stress 

• The stress concentration is much higher on the bottom facesheet due to a 

high localized stress either from the small area distribution, or the 

resistance to the applied load



#8 
• Abaqus Part B – Results 

• The stress concentration for the S12 core are shown below 

• The max stress concentration in the S12 direction is 46.34 psi

• There is a lot of visual deformation shown in the side profile image

• The structure is in bending, the top sheet is compressing down, and the 

bottom facesheet stretches in tension 

• S12 is highest in the middle shown in red



#8 
• Abaqus Part B – Results 

• The Ply 1 and Ply 2 layers are plotted below 

• There is significantly more stress in the second ply – max stress = 568.7 

psi 

• There is less stress in the ply 1 direction - 19.89 psi

• Ply orientation matter in shear (S12)

• Shear stress is highest in off-axis plies, this makes sense



#8 
• Abaqus Part B – Results 

• The cross-section of the core is measured and plotted 

on the figure below

• There is less uniformity and more discrepancies in 

the cross-section load distribution

• This could be caused by non-uniform load 

distribution due to material inconsistencies, 

imperfections in the geometry, uneven load transfer, 

or poor measurement technique by me 

• To see when the compression strain exceeds 1.2%, I 

combined the strain and reaction force data into a 

plot

• I was unable to see anything of value 

• Referring to the contour plot we see S11 minimum of 

-18,390 psi

• Ε = 18,390/ 18,000,000 ​= −0.0001022

• P max​ =1.0 ⋅ 0.012/0.0001022​ ≈ 1174 / Area

• P max = 48 Psi 

• To not exceed a compression strain of 1.2% you can 

only apply roughly around 48 psi 

• Note: this value is a little off due to using the wrong 

applied load of 266 psi

• Generally estimating, around 38 psi is what we can 

apply without exceeding the 1.2%


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29

