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GENLAM: FIRST WINDOW - START UP

Continue to the GenLam Main Window

About GENLAM
GENLAM PC v 3.1 Continue
THINK COMPOSITES @1992 Help

Go to HELP on-line



GENLAM: SECOND WINDOW - MAIN WINDOW

INPUT (highlighted): After INPUT is given:
LAMINATE / MATERIALS / LOADS CALCULATE / OUTPUTS
) GENLAM [=1E3
Fle Edit Outputs Materials Help Fl=Help
LAMINATE MATERIALS
LOADS OUTPUTS
CALCULATE EXIT

EXIT the program




GENLAM: INPUT LAMINATE

Material
database
NOTE: Plies are numbered from the bottom to the Available Materials:
top: 0 alum.mat
Ply Number: 1 2 257, 3501 mat
3 as4_pk.mat
Angle [Degrees) : R 4 b4_n55.mat
5 .mat
Material Number: ICI b ;::1:58 rt:npaox.mat Ly User can OPEN an
/ existing saved laminate
Gideptatiogs T __— or start a NEW laminate
Material N. : |[[ *1] —
A
Repetitions : D - OPEN... NEW - oK . OK returns the user to
T GenLam Main Window
SAVE CALCULATE CANCEL
sy L= | > CANCEL clear this
v input and returns the

User have the option of CALCULATE ser to the Main Window
from this window without having to go

back to the Main Window



GENLAM: INPUT LAMINATE

Angle (degrees) and Material Number Material
should be given ply-by-ply (NEXT PLY) database
NOTE: Plies are numbered from the bottom to the Available Materials:
top: Ply numberis [T
— e — i 1 h35.mat
Ply Number: |_ 1_ - I] 3:Ejoarl1eac:|cally 2 ::3_350"1]?mat
Angle [Degrees] : T i z:jﬁgl;rr:g:
Material Number: |E g ic;;se.:enpa;x.mat v
Orientation: [(1*1]
Material N. : I[[ 1]
Repetitions : |1
OPEN... NEW | 0K
Symmetry
| B il o = SAVE CALCULATE I CANCEL
I~ [n)s [T [n-1)s' I
Number of repetitions Lay-up Orientation and
and symmetry condition Material Number are

should also be given (mark) automatically filled ply-by-ply



GENLAM: INPUT LOADS & DISPLACEMENTS

Hybrid input
A
- N
Loads Displacements
(load vector) (strains and curvatures)

B GENLAM: Loads && Displacements

NEXT and PREVIOUS
Total : 0 Load Case NEXT } , Change the WlndOW to
—em mm mY o mm = = = = | |————————~— -

PREVIOUS sequential load cases

| |

I NI : MNmp b1 epg '

I Na MNm || eps2: | [ctear]—» User can CLEAR the

l . .

| NG: BNl 1 1 epsts | [ox ] Input data at any time

I 1 I NA

| i LI | OK returns the user to

| M2 MN R : N\ GenLam Main Window
M6 : Ml 11 ke | LCALGULATE N _

gl IS 1 Lo I S | CANCEL clear this

input and returns the
user to the Main Window

HYGROTHERMAL LOADS

v
User have the option of CALCULATE
from this window without having to go
back to the Main Window



GENLAM: INPUT LOADS & DISPLACEMENTS

HYGROTHERMAL LOADS (TEMPERATURE & MOISTURE)

I GENLAM: Temperature and Moisture X

The temperature difference is the operating OK
temperature minus the stress-free temperature.

EXIT
Enter the temperature difference: Iim ig

The moisture content is given in absolute
percent by weight.

(eg. 1§2% is entered as 0.005)

Enter the moisture content: 0.005

Safety Factor [SF > 1) : 1.5

—1

—

OK returns the user to
Load Window

[ EXIT clear this input
and returns the user
to the Load Window

Temperature Difference (AT), Moisture Content

(Ac) and Safety Factor should be given



GENLAM: INPUT MATERIALS |

Material Name and ply Material
properties should be given database
MATERIALS
Material Name: IALUMINUM
Fibe |_ | Fiber Yolumen D
Aatrix |_ Matrix Density: ?
Thickness [ES Density (Kg/m?): [2700 :;"h";;:“,’,';xm";f -
= e o o e e o o 1
Ply | Ex(GPa):  [689 Ey:  [8.3 (B2 ] Save
. ! Gxy GPa):  [2655 Gxz: [P | Gyz: 2
Stiffness |1 “¥ | Exit |~
| Nuxy Nux: D .I E‘x?"\_.-'.jflzl
’:_x (MPa) Y: 206 iz New  |—
Ply I % 206
- v 206 1z r |
Strength I I ] 1 Delete N
| Sy 118.9342 | <. ? | SyZ ?
. ny-x: Next...

- EXIT returns
to Main Window

L Input NEW
material

™ DELETE
material

Tsai-Wu coupling coefficient



GENLAM: INPUT MATERIALS Il

Ply hygrothermal coefficients Material
should be given database
Materials Il
MATERIALS
Material Name: ALUMINUM =

as_h35.mat
as4_3501.ma

Ef (GPal); Em: Em:EmuEJS q"nﬁ):; il
a,Em “h, eta: “c,Xm: i‘;;::‘:::)ml
f,Ef *h, Xf: “9.T: ishikawa.mat
Ply thermal . ‘
. T{cure [°C): E [Jglass: (160 Tiopr: |22 |
expansion ' 1
coefficients | 9%  E=E lwis pEeibl it F | |~ SAVE the
beta x: E beta y: E beta |? | Save input material
Ply mois.ture Eiso [GPal iso  [325 ] = N to a file
expansion E/El: XufX] N EXIT returns
coefficients Previous... . :
. to Main Window
v

PREVIOUS takes the user
to the Materials | Window



GENLAM: CALCULATE

L : After CALCULATE user
CALCULATE is highlighted after given can see the OUTPUTS

LAMINATE / MATERIALS / LOADS (also highlighted)

£ GENLAM -[ofx
File Edt Outputs Materials Help Fi=Help

LAMINATE ‘ MATERIALS

LOADS ‘ OUTPUTS

CALCULATE EXIT




GENLAM: OUTPUTS

SHOW takes the user

Select any desired outputs [only one]): D A tO the Selected Results
- Laminate matrices and engineering constants .
Window
@ Absolute Laminate Stiffness Matrix EXIT \\ o
¢ Normalized Laminate Stiffness Matrix EXIT clear this input
" Absolute Laminate Compliance Matrix and returns the user
" Normalized Laminate Compliance Matrix tO the Main WindOW

" Engineering Constants

" Laminate strains, curvatures and loads

- Ply strains and stresses

Load Case : 1

" Strains

" Stresses Max. : 2

" Strength ratio, R-values

User should select one of the items: Absolute
and Normalized Stiffness and Compliance
Matrices, Ply Strain and Stress distributions,
Tsai-Wu Strength Ratio for a given Load Case



GENLAM: EXAMPLE 1

N, =1 MN/m N, = 1 MN/m

—

Material: T300/5208

Layups: [(0/90),] (cross-ply) and [(+45/-45),] (angle-ply)
Load vectors: N={1,0,0} [MN/m]; M={0,0,0} [MN]

No hygrothermal effects (AT=Ac=0)

Vary repeating index r from 1 to 10

Check coupling B* matrix



GENLAM: EXAMPLE 1 - INPUT [(0/90),]

About GENLAM

GENLAM PC v 3.1

THINK COMPOSITES @1992

Continue

Help

Fle Edt Outputs Materids

LAMINATE

LOADS

MATERIALS

EXIT

Hep Fi=Hep

Mechanical <
Loads

T300/5208 is part of
the material database

M GENLAM: Input Laminate x|

NOTE: Plies are numbered from the bottom to the
top.

Available Materials:

6 im6_epox.mat e
7 ishikawa.mat

8 kev_ep.mat

9 scotch.mat

10 steel.mat

LIS l;‘lJ-m P
Material Number: P m— | 12 t3_n52.mat S

Ply Number: 3

Angle [Degrees) :

Orientation:

iorsor |

Material N. :

Repetitions : D

Symmetry : Repetitions
" (n)s M [n-1)s

|
OPEN... | new | [ ok

SAVE |

Total : 0O Load Case 1
PREVIOUS

T e N oy [ oeness |

I o L R I s N
e i @ ] cancew
CALCULATE

O o [ R —

HYGROTHERMAL LOADS ‘

I GEMLAM: Loads && Displacements n




GENLAM: EXAMPLE 1 - OUTPUT B* [(0/90),]

r=1

r=10

96.079 2.897
2.897 96.079
0 0

-128.6 0
0 128.6
0 0

NORMALIZED LAMINATE STIFFNESS MATRIX

F 42.866 )

| A* B*|
| 3B* D*| [GPa]

0 < -42.866 )

0 0

717 0
0 96.079 2.897
0 2.897 96.079
0 0 0

96.079

0 2.897
0 0

0 -12.86
0 0
717 0

2.897
96.079

12.86

NORMALIZED LAMINATE STIFFNESS MATRIX

| A* B*|
| 3B* D*| [GPa]

0 -4.287

717 0

(=]
~
(=3
w
-

Normalized Stiffness (GPa)

4 5 6 7
Repeating index -r



GENLAM: EXAMPLE 1 - OUTPUT B* [(0/90),]

r=1 r=10
NORMALIZED LAMINATE STIFFNESS MATRIX NORMALIZED LAMINATE STIFFNESS MATRIX
| A* B*| | A* B*|
| 3B* D*| [GPa] | 38* D*| [GPa]
96.079 2.897 0 -42.866 ) 0 96.079 2.897 0 0 0
2.897 96.079 0 0 42.866 0 2.897 96.079 0 0 0
0 0 7.17 0 | 0 0 0 7.7 0 3 0
128.6 0 0 96.079 2.897 0 -12.86 0 0 96.079 2.897 0
0 128.6 0 2.897 96.079 0 0 12.86 0 2.897 96.079 0
0 0 0 0 0 7.7 0 0 0 0 0 7.7

Analysis shows that B*;; and B*,, are inversely proportional to r

365 | D

[0/90],1

FIGURE 6.6

96.0 249 0
29 960 0 0 0
0 0 7.2 0 0 Q
1286 5 o 960 29 0
o 1288 29 960 O
o o 0 o o 72

NORMALIZED STIFFNESS MATRIX OF A CROSS-PLY LAMINATE, HAVING

COUPLING COMPONENTS WHICH DECAY WITH REPEATING INDEX



GENLAM: EXAMPLE 1 - INPUT [(+45/-45),]

About GENLAM

T300/5208 is part of
the material database

GENLAM PC v 3.1 Continue

NOTE: Plies are numbered from the bottom to the Available Materials:
top.
1 P 6 imb_epox.mat -
7 ishikawa.mat
Ply Number: 3 8 kev_ep.mat
_[ofx] 9 scotch.mat
Fie Edt Ouputs Materias Hep Fi=Hep Angle [Degrees) : 10 steel.mat
NEXT pLY T wJ I3J-m
MateriakNumbes: — | [T |
LAMINATE MATERIALS Orientation:
Material N. :

(121124 )*1]

|

Repetitions : D
OPEN... | new | [ ok ]
CANCELl

Symmetry:RepetitionS
LOADS s i AVE | CcALCULATE |

Aol AT EXIT Total : 0 Load Case 1
ALCULATE

PREVIOUS

. I Co— s [ ] [ox ]

CALCULATE

HYGROTHERMAL LOADS ‘




GENLAM: EXAMPLE 1 - OUTPUT B* [(+45/-45),]

r=10

| &% B*|
| 3B* D*| [GPa]

NORMALIZED LAMINATE STIFFNESS MATRIX

| A* B*|
| 3B* D*| [GPa]

NORMALIZED LAMINATE STIFFNESS MATRIX

56.658 42.318 0 0 0 56.658 42.318 0 0 0
42.318 56.658 0 0 0 42.318 56.658 0 0 0
0 0 46.591 -21.433 -21.433 0 0 46.591 -2.143 -2.143
0 0 -64.299 56.658 42.318 0 0 0 -6.43 56.658 42.318 0
0 0 -64.299 42.318 56.658 0 0 0 -6.43 42.318 56.658 0
-64.299 -64.299 0 0 0 46.591 -6.43 -6.43 0 0 0 46.591
0
<
o -5+
e
7]
3
c -10 -
)
B -15 -
N
©
=
5 -20 1
}y —8— B*16 = B*26
25 | I I | | I I I
1 2 3 4 5 6 7 8 9 10

Repeating index -r




r=1

GENLAM: EXAMPLE 1 - OUTPUT B* [(+45/-45),]

r=10

56.658
42.318

-64.299

42.318
56.658

-64.299

NORMALIZED LAMINATE STIFFNESS MATRIX

| A* B*|
| 3B* D*| [GPa]

0 0 0

0 0 0
46.591 -21.433 -21.433
-64.299 56.658 42.318
-64.299 42.318 56.658

0 0 0

NORMALIZED LAMINATE STIFFNESS MATRIX

| A* B*|
| 3B* D*| [GPa]

42.318 0 0 0
56.658 0 0 0
0 46.591 -2.143 -2.143 I

0 -6.43 56.658 42.318 0
0 -6.43 42.318 56.658 0
-6.43 0 0 0 46.591

Analysis shows that B*;; and B*,4 are inversely proportional to r

0 0

0 0

21.4 214
R

| A\
77

365 | D5 566 423 0
[45/-45],1 4z
0 0o -== 423 566 O
643 643
-3 S22 9 0 0 46.6

FIGURE 614 STIFFNESS MATRIX OF AN UNSYMMETRIC ANGLE-PLY LAMINATE



GENLAM: EXAMPLE 1 - MESSAGE

Terms of coupling B* matrix tend to zero with the

increase of the repeating index r

Repeat enough sub-laminates and the resulting
non-symmetric laminate behavior will approach to

a symmetric laminate



GENLAM: EXAMPLE 2

AT=-100°C
Ac=0

Material: T300/5208

Layups: [(0/90),] (cross-ply) and [(+45/-45),] (angle-ply)
No mechanical loading

Hygrothermal effects: AT=-100°C; Ac=0

Corresponds to laminate getting out of the autoclave
Vary repeating index r from 1 to 10

Check curvature k vector



GENLAM: EXAMPLE 2 — INPUT [(0/90),]

About GENLAM

Continue

Help

GENLAM PC v 3.1

THINK COMPOSITES @1992

}

Fle Edt Outputs Materids

Hep Fi=Hep

LAMINATE MATERIALS
LOADS — OUTPUTS
—
I GENLAM: Temperature and Moisture m
The temperature difference is the operating
temperature minus the stress-free temperature.
EXIT

Enter the temperature difference: -100 ’C
The moisture content is given in absolute Hyg roth erm al Mech an | Cal <

percent by weight.
(eg. 1/2% is entered as 0.005])

Enter the moisture content:

a

Loads

T300/5208 is part of
the material database

Il GENLAM: Input Laminate B

NOTE: Plies are numbered from the bottom to the
top.

Available Materials:

6 im6_epox.mat
7 ishikawa.mat
8 kev_ep.mat

9 scotch.mat

10 steel.mat
LS IJJ-M

Ply Number: 3

Angle [Degrees) :

Material Number:

Material

Orientation: [[llJI 907 )*1]
Material N. :

02712 )*1]

Repetitions : D

i

OPEN... | NEW 0K
Symmetry:RepetluonS
SAVE | CALCULATE | CANCEL |
" [n)s [ [n-1)s'
Bl GENLAM: Loads &8 Displacements E
Total : 1 Load Case 2 NEXT
PREVIOUS
T oy [
N6 : D [MN/m] eps6: oK |
L — L w: [
M2: K2:
1 e . —

Safety Factor [SF > 1) :

10:

| HYGROTHERMAL LOADS |




GENLAM: EXAMPLE 2 — OUTPUT k [(0/90),]

r=1

r=10

k6
-0.00000

epsbf
-0.00000

M6
0.00000
sigmabf
0.00000

CURVATURES VALUES FOR LOAD CASE 1 CURVATURES VALUES FOR LOAD CASE 1
epsl eps2 epsb k6 epsl eps2 epsb
-0.00052 -0.00052 -0.00000 -6.80790 6.80790 -0.00000 -0.00015 -0.00015 -0.00000 -0.02755
epslo eps2o epsbo *1E3) epslf eps2f epsbf epslo eps2o epsbo (*1E3) epsif
-0.52095 -0.52095 -0.00000 -0.85098 0.85098 -0.00000 -0.15388 -0.15388 -0.00000 -0.03444 0.03444
N1 N2 N6 M1 M2 M6 N1 N2 N6 M1 M2
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
sigmalo sigma2o sigmabo [MPa] | sigmalf sigma2f sigmabf sigmalo sigmaZo sigmabo [MPa] | sigmalf sigma2f
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.000¢0 0.00000
Temperature difference : -100 'C Moisture : 0 Temperature difference : -100 C Moisture :
o
2
@©
2
=
O

4 5 6 7

Repeating index -r

10




GENLAM: EXAMPLE 2 — INPUT [(+45/-45),]

About GENLAM T300/5208 is part of

the material database

B GENLAM: Input Laminate x|

GENLAM PC v 3.1 Continue

THINK COMPOSITES @1992

Help

}

Fle Edt Outputs Materids

Heb Fi=fep |

NOTE: Plies are numbered from the bottom to the
top.

Ply Number: 3
—)

Angle [Degrees) :

Material Number:

Available Materials:

6 imb_epox.mat -
7 ishikawa.mat

8 kev_ep.mat

9 scotch.mat

10 steel.mat

TT 3 T95.1mat

Material
LAMINATE MATERIALS Orientation:
Material N.:  fl[(1212f )*1] |
Repetitions : D
OPEN... | vew | [ ok |
Symmetry:RepetltlonS | I |
e s SAVE CALCULATE CANCEL
LOADS e S OUTPUTS I (n)s ™ (n-1)s'
Bl GENLAM: Loads &8 Displacements E
I GENLAM: Temperature and Moisture m
Total : 1 Load Case 2 NEXT
The temperature difference is the operating
temperature minus the stress-free temperature.
EXIT PREVIOUS
fow: ] v ey [
Enter the temperature difference: -100 ic N2: D [MN/m] epsz: I:I CLEAR
‘ < N6 : D [MN/m] eps6: oK |
The moisture content is given in absolute i ” .
percent by weight. Hyg[Othderm al Mefh ag ical M1 D [MN] Kl: |:| CANCEL
oaas oads M2 : k2:
(eg. 1/2% is entered as 0.005]) D L I:I CALCULATE
M6 : MN k6:
Enter the moisture content: D \J D [MN] I:]
< : HYGROTHERMAL LOADS
Safety Factor [SF > 1) ; N




GENLAM: EXAMPLE 2 — OUTPUT Kk [(+45/-45),]

Repeating index -r

- El|m cu x|
CURVATURES VALUES FOR LOAD CASE 1 CURVATURES VALUES FOR LOAD CASE 1
epsl eps2 epsb k1 k2 k6 epsl eps2 epsb k1 k2 kb
-0.00052  -0.00052  -0.00000 -0.00000 _ -0.00000 _("13.61600) [ -0.00015  -0.00015  -0.00000 0.00000 0.00000 @
epslo eps2o epsbo *1E3) epsif eps2f epsbf epslo eps2o epsbo (*1E3) epsl1f eps2f epsbf
-0.52095 -0.52095 -0.00000 -0.00000 -0.00000 -1.70200 -0.15388 -0.15388 -0.00000 0.00000 0.00000 -0.06888
N1 N2 N6 M1 M2 M6 N1 N2 N6 M1 M2 M6
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
sigmalo sigmaZo sigmabo  [MPa] | sigmalf sigma2f sigmabf sigmalo sigma2o sigmabo  [MPa] sigmalf sigma2f sigmabf
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Temperature difference :  -100 °C Moisture : 0 Temperature difference : -100 °C Moisture : 0
® *—0 L o
o
2
©
Z
S
O
\
| | | | | | | |
-16
2 3 4 5 6 7 8 9 10




GENLAM: EXAMPLE 2 - MESSAGE

Terms of coupling B* matrix tend to zero with the

increase of the repeating index r

Repeat enough sub-laminates and the resulting
non-symmetric laminate behavior will approach to

a symmetric laminate

No curvature after curing for homogenized

laminates



GENLAM: EXAMPLE 3
N, =2 MN/m
m IS

N; =1 MN/m N, = 1 MN/m

—

S Ng=1 MNIm
Material: AS4/3501 N, =2 MN/m

Fuselage skin laminate with 60 layers

Layup: [45/-45/90/45/-45/45/-45/0/45/-45/90/45/-45/45/-45/0/45/-45/90/
45/-45/45/-45/0/45/-45/45/-45/45/-45], = [(£45/90/+45,/0),/+45,],

Load vectors: N={1,2,1} [MN/m]; M={0,0,0} [MN]

Hygrothermal effects: AT=-100°C; Ac=0.005

Find [(+¢/ -¢),5]s (same thickness) for better performance

Failure criterion: FPF (First Ply Failure Tsai-Wu)



GENLAM: EXAMPLE 3 - FIRST PLY FAILURE

Output: Strength Ratio

B CHARTS : Output Selections x|
Select any desired outputs [only one]:
SHOW

- Laminate matrices and engineering constants

@+ Absolute Laminate Stiffness Matrix EXIT
" Normalized Laminate Stiffness Matrix
" Absolute Laminate Compliance Matrix

" Normalized Laminate Compliance Matrix

" Engineering Constants
" Laminate strains, curvatures and loads

- Ply strains and stresses

Load Case : D

Max. : 2

" Strains

@ Strength ratio, R-values

48° < @ <60°

Failure Index - k
w

FPF (First Ply Failure) — Tsai-Wu

Failur

] ENL

1R-int
1/R critical = 1.096E+000

¥

e Index k = 1.096 (R=0.912)

BEE

R-VALUES for load case 1

1/R-deg
1R critical = 6.775E-001

: 0 6.78E-001
1R lim=1 1R lim=1

Strength Ratio - R

1.4

@ =53.5° R=1.192

Angle ¢



GENLAM: EXAMPLE 3 - MESSAGE

Complicated symmetric layup with four different angles
resulted in Failure Index k = 1.096
(Strength Ratio R=0.912)

Selected symmetric angle-ply laminates with same thickness
for different angles resulted in better laminates for angles
48° < @ <60° (31% gain for ¢ = 53.5°)

Less angles can result in better design



GENLAM: EXAMPLE 4

M, = 0.01 MN

M,=0.01 M M, = 0.01 MN

M, = 0.01 MN

Material/Layup: Top laminate — Kevlar/Epoxy — [(90/-45/45/0),]
Bottom laminate — E-Glass/Epoxy — [0/45/-45/90]

Core — Thickness of 32 material plies

Load vectors: N={0,0,0} [MN/m]; M={0.01, 0.01, O} [MN]

Displacements: ¢, =¢, =g, =0 Kevlar/Epoxy

Hygrothermal effects: AT=-100°C; Ac=0.005

Core

Evaluate FPF (First Ply Failure Tsai-Wu) E-Glass/Epoxy



GENLAM: EXAMPLE 4 - INPUT LAMINATE & BC

Laminate input

Il GENLAM: Input | aminata

NOTE: Plies are numbered from the bottom to the Available Materials:
= 4 b4_n55.mat &
Ply Number: 21 = |5 core.mat

6 imb6_epox.mat
7 ishikawa.mat
8 kev_ep.mat
==p-|9 scotch.mat

10 steel.mat v

Angle [Degrees] :

|:| NEXT PLY
P ]

Material Number:

1
Orientation: |[[l].f 45¢ -45{ 907 0f 0f 0f 07 0f 0 Of 0f 907 -45/ 45 0f 90/ -45; 45/ 0f )*1] l

Material N.:  [(9} 9 97 97 5¢ 5¢ 5/ 5¢ 51 51 5 51 81 81 81 8 81 81 8 8¢ )*1] |
e

Repetitions - [I | OPEN... NEW | ok |

Symmetry : Loads & displacements (strains) input
. SAVE | CALCULATE | camcel |
i e i ™ CNAN: Loads e Displacements R
OBS: Total : 1 LoadCase 1 o — o — o — NEXT
Core ply thickness = 0.5 mm — e 5
Material ply thickness = 0.125 mm N [ ] M) s ] : _ PREVIOUS |
Each core ply is equivalent to 4 material plies N2t [ | MNim) : sz B |, CLEAR |
32 material plies = 8 core plies Ne: [ | MMwmi -
all paNm st B 1 R

l ———————
M1 : [MN] K1:
M; =M, =0.01 MN | vy I o [ ] CANCEL
v PO e e
W] e e [ ] AW

HYGROTHERMAL LOADS




GENLAM: EXAMPLE 4 - FIRST PLY FAILURE

Output: Strength Ratio

B CHARTS : Output Selections x}

Select any desired outputs [only one]:
- Laminate matrices and engineering constants
* Absolute Laminate Stiffness Matrix

" Normalized Laminate Stiffness Matrix

" Absolute Laminate Compliance Matrix
" Normalized Laminate Compliance Matrix
" Engineering Constants

" Laminate strains, curvatures and loads

- Ply strains and stresses

" Strains

< @ Strength ratio, R-values
N

EXIT

Load Case : |:|

Max. : 2

FPF (First Ply Failure) — Tsai-Wu

Failure Index k = 0.753 (R=1.328)
£] GENLAM - CHARTS 11 - GENLA. T BEE
R-VALUES for load case 1
i 1/R-deg
1/R critical = 7.530E-001 1R critical = 1.156E+000
> 4
% I EEEEEEEE I
7.53E-001 1.16E+000
1R lim=1 1R lim=1

- GENL/

Loads (after calculation)

xl Internal loads due to the

f:
In2:
Ivs:_ [oomoaee

Load Case 1
- -1

[MN{m] epsl:
[MN{m] eps2:
[MN{m] epsb:

—

[MN] kl:
[MN] k2:
[MN] k6:

HYGROTHERMAL LOADS

el displacement restriction:

PREVIOUS

CLEAR

O

—— & | | N,=0.296 MN/m
[ ] CANCEL N2 = 0.298 MN/m
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GENLAM: EXAMPLE 4 - MESSAGE

GENLAM flexibility:

Capable to perform analysis for hybrid load / displacement

Capable to perform analysis for sandwich laminates

Top and bottom sub-laminates can be of different materials

as well as non-symmetric
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