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[E]l—DRAWING TIPS and RULES

A POLYGON

A polygon is a closed chain of straight lines (the polygon sides) ;

the points where two sides meet are the polygon's vertices.

In this SMath Studio worksheet:

- a polygon is defined by it's vertices;

definition of vertices can be either clockwise or anticlockwise;,

- last vertex must be equal to the first;,

- intersections points must be numered twice.



POLYGONS (discontinuous areas)

To have multiple polygons:
- draw all the vertices having same wise;
- close each polygon;

- don't forget to close the vertices chain in the first vertex.

NOTE :

- perimeter calculation cut off overlapped sides with opposite wise.

POLYGONS (overlapped areas)

With multiple polygons you can draw overlapped areas; like above:
- draw all the vertices having same wise;

- close each polygon;

- don't forget to close the vertices chain in the first vertex.




A HOLLOW POLYGON

To have a hollow polygon, draw the internal and the external vertices with opposite wise;,

don't forget to close the vertices chain in the first vertex!

CURVED SIDES

Using an adequate approximation you can draw curved sides (and therefore generic figures).
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SHORTCUTS

Save time: use "SHORTCUTS" to draw common shapes and to make transformations (rotate, scale, translate, etc..

On the right of the GEOMETRY area there is a complete list of all available SHORTCUTS

-)




[E]l—SHORTCUTS LIBRARY:

[Fl—Snippet: Operations with units 2012.01.00

TRANSFORMATIONS

rotation matrix; rotatation about the origin of the Cartesian coordinate system.
©: anticlockwise rotation.

cos (6) sin (6)

Rot (9):= -sin (6) cos (6)

reflectionmatrix; reflection about a line through the origin of the Cartesian coordinate system.
©: angle of the reflection line through the origin with the x-axis.

cos (2- 9) sin(2- 9)

Ref (0):= sin(2-6) - cos(2-06)

scalingmatrix; scaling about the origin of the Cartesian coordinate system.
s.x: x-scaling factor;
s.y: y-scaling factor.

shear matrix; shearing about the origin of the Cartesian coordinate system.
A.x: shearing factor, parallel to x;
A.y: shearing factor, parallel to y.

1 A



geometric translationof a polygon.
P: polygon matrix;

u.x: x translation;

u.y: y translation.

Translate|P, u

"use homogeneous coordinates"

< uy =
#P:= augment [P , (1+ matrix (rows (»), 1)]]
1 0 0
submatrix|¢p| 0 1 0 , 1, rows(P), 1, 2
u u 1
X |y

rotating a polygon about the origin of the Cartesian coordinate system

P: polygonmatrix;
©: anticlockwise rotation.

Rotate (P, 6):=

"use homogeneous coordinates"
#P:= augment[P , (1+matrix (rows (»), 1)]]

cos (6) -sin (6) 0

submatrix|#P:|sin(6) cos(e) of, 1, rows(p), 1, 2

0 0 1

scaling a polygon about the origin of the Cartesian coordinate system

P: polygonmatrix;
s.x: x scaling;
s.y: y scaling.

Scalel|P, s_,
X

s |:=

"use homogeneous coordinates"

. #P:= augment [P , (1+ matrix (rows (P) , 1)]]

submatrix|(#P| o s




shearing a polygon about the origin of the Cartesian coordinate system.

P: polygonmatrix;
A.x: shearing factor, parallel to x;
A.y: shearing factor, parallel to y.

Shear (P, Ax, Ay:= "use homogeneous coordinates"
#P=augment[P,(1+matrix&ows(ﬂ, ﬂn
A
1 v 0
submatrix[#P-(A_ 1 of, 1, rows(P), 1, 2

0 0 1

mirroring a polygon.

P: polygonmatrix;

©: angle of the reflection line through the origin with the x-axis or case-insensitiveaxes name ["x","y","xy"].

"use homogeneous coordinates"

Mirror(P, 9}=
if IsString(@

©:="N.A."
"XH "XH "yH "YH "Xy" "XY"
2| 90 o & ®n m =
2 2 4 4

for ke]_..rows[eJ

if 6=9a
k1
Q= ea
k2
else
0
else
Q:=0

#P:= augment[P ’ (1+matrix (rows (B), 1)]]
cos(2:6) sin(2:©) 0

submatrix|#P:|sin(2-0) -cos(2:0) 0f, 1, rows(P), 1, 2
0 0 1




create a chunk of a polygon.
pgon: complete polygon;
TLV: ThresholdLimit Value;

zone: (relative) semi-plane to keep ["y+","y-","x+","x-"]
chunk (pgon, TLV, zone)= nyeno0 1
"y_" ].-.[ —_ 1
I
7= "x4+" — 1
2
I
W 1
2
for kel .. 4
if 2 K 1= zone
A&=Z]<2

#TLV:=TLV  Z K 3

#pgon= pgon Rot (A6)
break

else
0

#chunk=(0 0)

r=rows (pgon)

j:=]_

for kel ..r-1

if #pgonkzzz#TLV
#chunkj]f=#pgon]<1
#chunkj 5= #pgon K 2
j=3+1

else
0

if (#pgon, ,- #TLV]-[#pgon K+l 0” #TLV]< 0

[#pgonk+11—#pgonk1]-[#TLV—#pgonk2

#chunkj =eval

+ #pgon
1 - k1
tpgony L4 5~ #pgon,y ,

#chunk . :=#TLV
J 2
=541

else
0




fcnunk= fchunk KOt |\~ AY)

#chunkj]f=eval[#chunk1 i

#chunkj 2==eval[#chunk1 2]

#chunk



POLYGONS

convex regular polygons.

s: number of sides/vertices;
c: circumradius;
©: anticlockwise rotation.

pgon(s, c, 0):=

#out=(0 0)
s:=ma S
= x
3
for ke O ..s
. 2-m k
#out K+ 1 1-=eval c-sin
2-m k
#out K+l 2= eval|c-cos

#out:= #out-Rot (6)

#out cr1 17 eval[#out

#out s+l 27 eval [#out

11]

1 2]

#out

hollow convex regular polygons.
number of sides/vertices;
: external circumradius;
border thickness;

anticlockwise rotation.

Ot Q

hPgon(s, c, t, 6)=|4#out= stack(pgon(s, c, 0), reverse(pgon(s, c-t, O))]

stack (#out , eval (row (#out, 1))] Rot (6)

overlapped convex regular polygons.
s: number of sides/vertices;

ce: external circumradius;
ci: internal circumradius;
CH

anticlockwise rotation.

oPgonf{s, ce, C.

i 6|=| #out:= stack[pgon[s, Cor O], pgon[s, c.y O]]

stack (#out , eval (row (#out, 1))] Rot ()




star regular polygons.

p:

@18
@8
SH

NOTE :

anticlockwise rotation.

ngon(p, qa, ¢, 9):=

number of sides/vertices [must be 2 3];

connected vertices spacing [{p/g} is the polygon Schlafli symbol];
circumradius;

stellations of regular or star polygons are for drawing purposes only.

g'=min
round

gcd(a, b}= if b=0
else

out
if p23

#out=(0 0)
for keO..p

#out :

for kel ..qg'

#out]{=pgon

else

Ilv"etallatinn AF

out:=a

round-ll

a

£

out==gcd(b, mod(a, bn

if (ged(p, a")=1)A(q'>1)

v r C

atar nalirzann"

~ L (2mkg
k+11--—eval c'sin ___E;___H
_ . 2-mk-q'
#out k+12--—eval c-cos ___E;___H
#out:= #out-Rot (6)
#outp+1:f=eval[#outljj
#out D+ 12 = eval[#out 1 2]
#out
else
"stellations"
GCD=gcd(p, q')
if-9%9=1
gq

"stellation of a regular polygon"

20

p

k-1)

str2num{concat(”sys(", substr(num2str(#out),5n

)

‘Rot (0)



L R N S O N A T A RO

q q ]=o

if ——-trunc
GCD GCD

P
#star=sPgon
g GCD

, GCD, c, %
for kel ..GCD

#out]{=#star-Rot

eval[stanum{concat("sys(”, substr(nusttr(#out),5nH

else
0

else



edge of star polygons.

p: number of sides/vertices [must be 2 3];

q: connected vertices spacing [{p/g} is the polygon Schl&fli symbol];
c: circumradius;

©: anticlockwise rotation.

espgon(pI 9, ¢, 9):= q
4= round%, O]—l
if p23
#out=(0 0)
B SEY
: q'
c-sin
2- 2
. q
;=
B SEY
. q' 2-m
sin|m- >
2- 2 P
q
for ke ..2'p
k k
=if |=-t =ll=0
r=if |2 runc |
c
else
c,
i
. 2-mk
ffout K+l 1= eval|r-sin
2-mk
ffout K+l 2= eval|r-cos
#out:= #out-Rot (6)
#out 2p+11° eval[#out 1 1]
#out 2. p+12° eval[#out 1 2]
ffout
else
0




star-shapedpolygons.
s: number of spikes [must be 2 3];

c.e: external circumradius;
c.i: internal circumradius;
©: anticlockwise rotation.
ssPgonfs, ¢ , c.,, B|=|1f s23
e i
#out=(0 0)
for ke0..2's
. k
r=1f E—trunc— =0
o}
e
else
c,
i
. 2-m k
fout k+11--—eval r-sin =
2-m k
fout k+12--—eval r-cos =
#out:= #out-Rot (6)
#out2ls+11:=eval[#out1 i
#out , (1 o= eval[#out 1 2]
fout
else
0
triangle.
B: x-length;
H: y-shift of top vertex;
a: x-shift of top vertex;
©: anticlockwise rotation.
00
. B O
trlangle(B, H, a, 9}= H-Rot(e)
a

00



right triangle.

B: x-length;

H: y-shift of top vertex;
©: anticlockwise rotation.

00

. B O
rTrlangle(B, H, 9):= 0 H -Rot(e)

00

isosceles triangle.

B: x-length;

H: y-shift of top vertex;
©: anticlockwise rotation.

00

iTriangle(B, H, 9):= B - -Rot(e)
2
00

equilateral triangle.
a: side length;
©: anticlockwise rotation.

0 0

0
E.a-Rot(e)

2
0

eTriangle(a , 9):=

o vl o



rhombus. )
p: x-diagonal;
g: y-diagonal;
©: anticlockwise rotation.
1S
- 0
2
9
0o =
2
_|_P
rhombus(p, q, 9)—-E 0
o -4
2
1S
- 0
2

square.
a: sides length;

‘Rot (0)

©: anticlockwise rotation.

00
a o
square(a, 9}= a a-Rot(e)
0 a
00
rectangle.
B: width;
H: height;
©: anticlockwise rotation.
00
B O
rectangle(B, H, 6):=|B H|
0 H
00

Rot (6)




golden rectangle.
B: width;
©: anticlockwise rotation.

goldenRect(B , 9)== 1+,‘/?
Q==
2

‘Rot (0)

O O W w o
o:D:Dooe|w

rounded rectangle.
h: external height;

b: external width;
r: corner radius;
©: anticlockwise rotation.
roundedRect f, b, r, 6)=|#outi=if r>0
#tmp=(0 0)
pts:=15
for ke 0 ..pts
k b
#tmp K+l 1= eval|r cos 2 ots +E_ r]
. k h
#tmp K+l 2= eval|r-sin 2 ots 5" ]
#tmp
else
b h
2 2
-10
#out:=stack|#out, eval|reverse|#out: 0 1
1 0
#out:=stack|#out, eval|reverse|#out: o -1l eval(row(#out, 1))

#out Rot (6)




parallelogram.

b: base;
a: x-shift of top base;
h: height;
©: anticlockwise rotation.
0 O
b 0
parallelogramﬂo, a, h, 9):= b+a h -Rot(e)
a h
0 O
trapezoid.
a: top base;
b: bottom base;
c: x-shift of top base;
h: height;
©: anticlockwise rotation.
0 O
b 0
trapezoid(a, b, c,h, 9):= c+a h -Rot(e)
a h
0 O

right trapezoid. 1
a: top base;
b: bottom base;
h: height;
©: anticlockwise rotation.
00
b 0
rTrapezoid@W b, h, 9}= a h Rot(@
0 h
00




isosceles trapezoid.
a: top base;

b: bottom base;
h: height;
©: anticlockwise rotation.
0 0
b 0
a+(b_a) h
iTrapezoid(a , b, h, 9):= 2 -Rot(e)
(o-2)
2
0 0
L shape.
a: top base;
b: bottom base;
c: top height;
h: total height;
©: anticlockwise rotation.
0 O
b 0
b h-c
L(a, b, c, h, 6):=|a h-c| Rot(6)
a h
0 h
0 O




T shape.
a: top base;
b: bottom base;
c: top height;
h: total height;
©: anticlockwise rotation.
T(a, b, c, h, )= a
2
a
— h-c
2
fout:=
b h-c
2
b
— 0
2
#out=stack|#out, eval|reverse|#out
#out Rot (6)
circle.
D: diameter.
. ) D
01rcle(D)=pgon 100,-5, 0
semicircle.
D: diameter;
©: anticlockwise rotation.
semicircle(D, 6)= #out:=(0 0)
pts:=100
for ke 0 ..pts
D ok
fout k+]_1_-eval-5-cos ots
D ok
fout k+]_2_-eval-5-31n ots
#out==stack(#out, eval (row (#out, ﬂn
#out Rot (6)

-10
0 1

, eval(row(#out, 1»

)



segmental arch.
r.e:

: inner angle;

D e B

external radius;
.1: external radius;

: anticlockwise rotation.

arch|r , r., o, 6=
e i

#P1:=(0 0)
pts:=50
for ke 0 ..pts
o-o ok
#P1 K+l 1= eval rcos 7 + ots
. o-o ok
#P1 K+ 1 2-=eval rsin 7 +pts
#p2:=(0 0)
pts:=50
for kepts .. 0
n-
#P2 pts—k+1 |=eval r,cos|——+
. [m-ow
#P2 pts—k+12'_eval r;sin|——+

#P=stack(#P1, #P2)
#P:= stack(#]? , eval(row(#P, 1))]
#P-Rot (6)

W k
pts
Wk
pts




ellipse.

p: x—-axis;

g: y-axis;

©: anticlockwise rotation.

ellipselp, g, 8)=| __p

bi==

#out=(0 0)
pts:=40
for ke 0 ..pts

#out K+l 1= eval

-a+ 15 -k]
pts

2
#out ]

)

#out =evallb- | 1-

k+12°

a

#out:=stack|#out, eval|reverse |#out

#out Rot (6)



'Hollow Structural Sections. )
h: external height;
b: external width;
t: wall thickness;
r.e:

r

S|

external corner radius (typical=2t);
odl 8

internal corner radius (typical=t);
: anticlockwise rotation.

L

H

J

0n

Sbeamhr b, t, Tar Ty 6]=| #out:=stack

roundrect[h , b, r , O] , eval[reverse[roundrect h-2t,b-2t, r., O]]]]
e

stack(#out , eval (row(#out , 1))] Rot ()

Circular Hollow Sections.
De: external diameter;
t: border thickness.

75,

CHSbeam[De , t]:= hPgon

Elliptical Hollow Sections.
p: external x-axis;
g: external y-axis;
t: wall thickness;

©: anticlockwise rotation.

EHSbeam(p , a4, t, 0)= #out:= stack[ellipse(p , a, ), eval(reverse(ellipse(p— 2:t,g-2"t, 9))]]
stack(#out , eval (row(#out , 1))] Rot (6)



L

h: beam height;

b: flange width;

tw: web thickness;

tf: flange thickness;

r: web-flange junction radius;
©: anticlockwise rotation.

'european I-beam (UE:IPE/HE/HL/HD/HP;UK:UB/UC/UBP; US:W/HP; RU:HG; JP:H)

N

Ibeam rbrtwr tf’ r, O|:==] #out:=1if r>0
#tmp=(0 0)
pts:==25

#out-Rot (6)

for ke 0 ..pts

#tmp K+l 1= eval

#tmp K+l 2= eval

#tmp
else
iﬁ—t
> 2 f
L B
2 2
#out:=stack
b,
2 2

h

#out:=stack|#out, eval|reverse

#out:= stack|#out, eval|reverse

r-Ccos

I
=+
2

I

r-sin|—
2

#out-

#out-

+ —

ook ), w,
2 pts 2
ok h
__t -
2 pts) 2 £

0 1

)

. O] , eval(row(#out, 1))




european (un)equal legs angles.
h: height;

b: width;

t: thickness;

rl: legs junction radius;

r2: legs corner radius;

©: anticlockwise rotation.

L

Lbeamh,b,t,rl,r2,9:= 0 h
#P1l:=0 O
b 0
#P2:=1f r2>0
#tmp=(0 0)
pts:=30

for ke 0 ..pts

for ke 0 ..pts

#tmp K+l 1= eval

#tmp K+l 2= eval
#tmp
else
(t t)
#P4=1if r2>0
#tmp=(0 0)
pts:=30

for ke 0 ..pts

#tmp K+l 1= eval

#tmp K+l 1= eval

#tmp K+l 2= eval
#tmp
else
(b t)
#P3=1if r1>0
#tmp=(0 0)
pts:=30

‘cos|—=
2 pts

Fo

+t-r




#tmp K+l 2= eval r2-sin 2

#tmp
else
(t h)
#P5:=(0 h)
#P=stack(#P1, #P2, #P3, #P4, #P5)
#P-Rot (6)

+h-r

pts

p

h: beam height [mm];
b: flange width;

tw: web thickness;
tf: flange thickness;

©: anticlockwise rotation.

european U-beam [DIN 1026-1:2000] (UPN) and parallel flange channels (UPE/PFC)

rl: web-flange junction radius;
r2: flange corner radius (UPE/PFC when r2=0);

N

L

U h,b,tw,t rl,r2,9:= ifr2>0

beam £’

if h<300

#P1:=
b

#P2:=1f r2> 0

Lue . [~ A

J



PSEUDONYMS

ring[De , t]:= CHS

beam[De ! t]

FLIP:= VU V)
pts:==25
for ke 0 ..pts
ok
#tmp ,  ; ;=eval r, cos|-— ots +b-r,
. o ok h
#tmp 1 ,=eval r, sin{-= — S tet
#tmp
else
h
b 2ot
h
#P3:=|b-u E—tf]
#P4:=1f r1>0
#tmp:=(0 0)
pts:==25
for ke 0 ..pts
o, o
#tmp , , ; ;=eval r,-cos|Z+— . tto+r
. ok d
#tmp 1 ,=eval r -sin E+EE >
#tmp
else
h
t o2
w2 tf]
h
P5:=| 0 —
#p5=(0 2
#P:=stack (#P1, #P2, #P3, #P4)
10
#P=stack|[#P, eval|reverse|#P o -1l #P5
#P Rot (6)




[El— GEOMETRY-

GEOMETRY

[polygon coordinates - x y]

polygon=U eam(240, 85, 9.5, 13, 13, 6.5, 15 °)mm

b

y
0.0625
- 25 - 25 0 0 5
polygon

Axes conventions

Y

oy




[FE—PLOT SETTINGS

[El—CALCULATIONS OF CROSS-SECTION PROPERTIES

coordinates
>c=eval(col(polygon, 1»
y==eval(col(polygon, 2»
vertices (+1)

m=length&)

perimeter

n-1 > >
b= Z W/[xi+1‘xi] +[yi+1_yi

i=1

[calculate total length of overlapped segments with opposite wise]

AP=evall|l #1links=10
for jel..n-2
sWise=(oWise:=0)
for ke j+2 ..n
e [y ol g oo ol 1)
oWise=oWise+ 1
else
if

5= e 1 5= e (250l gm0
sWise=sWise+ 1

else
0

if oWise>0

2 2

#links=eval #links+¢[xj+]f-xj] +[yj+];—yj] -(Z(OWise—sWisd]

else
0

#1links

P:==P- AP




area

n-1
T Z[Xiyi+1 Xiv1 Y54
i=1

centroid

n-1

C -—L. + . . —_ .

x 6 A Z[[Xl Xi+1][xiyi+1 Xi+1yi]
i=1
n-1

C -—L. + . . —_ .

y 6A Z[[yi yi+1][xiyi+1 Xi+1yi]
i=1

use centroid as origin

c_:=dRound [cx , 10]

c = dRound [c o 1 o]

second moments of area (any cross section allowed)

2 2
Yy *Y Y 1vY i ]'[Xi'Yi+1‘Xi+1'Yi]

1 n-1
Txx= 12 Z

i=1

2 2
Xy *X 0% ,1% %301 ]'[Xi'Yi+1‘Xi+1'Yi]

1 n-1
Tyy= 17 Z

i=1




n-1
1
Ixy= 721 Z [[Xi'Yi+1+2'Xi'Yi+2'Xi+1'Yi+1+xi+1'Yi]'[xi'Yi+1‘Xi+1'Yi]
i=1

output adjustements due to clockwise/anticlockwise vertices definition

P:= dRound (P, 10)

A=A

IX:=|JXXI

IY:=|JYY|
I.,=dRound [JXY , 10]

radii of gyration

I

N
X A
I

P i 4
Y A

elastic section modulus

I
X

Wel;top: |max (Y)|




I
X

Wel;bof=|min(yn

I
Y

"el;left™ [min ()

I
Y

Wel;righf=|max(xn

orientation of principal axes of inertia (u,v)

a=if dRound(IX—IY], 1o]¢o
2-1
1 XY . 3!
_E atan ﬁ Slgn[JXX]+[[IX—IY]< O] E

else
o,
z“Slgn[IXﬂ

principal moments of inertia

I +1 "
X Ty 1 2 2
Iu"TTJ[Ix'IY] vy
I +1 "
X Ty 1 2 2
Iv'_T_E“/[IX_IY] 4 Iyy

radii of gyration about principal axes of inertia

I
. u
1 = —
u A
I
. \4
1 = —_—
v A



plot with centroid as origin
polygonc:= Translate [polygon , = CX , = Cy]
ellipsoid of gyration

ellipsoid=eval|stack

ellipse[eval[2-iv], eval[2-iu], O], (0 0), [0 iu], [0 —iu], (0 0), [iv O]]]

vertices numbering

function to numbering vertices of polygons.

values for opt:

"all" to enumerate all vertices;

#H4 to enumerate vertices spaced at least the ### value;
any other text to disable numbering.

numberin on, opt)=| #color=vertices
u ing(pgon, opt)=|# vertices .

#size=vertices .
namesize

r=rows (pgon)
if - IsString(opt)

vn:=[ngl’1 11 P9on 1 5 concat ("1 (", num2str(r), ") "] #size #color]
ci= 2
for ke2 ..r-1
2 2
#d =eval [pgon |- pgon, _ 4 1] +[pgon K o~ Pgony 4 2]
2 2
#d =eval [pgon |- pgon, 4 1] +[pgon K o~ Pgony 4 2]
[#d >opt] [ opt]
Vp TPIOM
cl
v =pgon, ,
c?2
v '=num2str (k)
n
c3
v =f#size
ea
N7 =#0nlor




c5
c=c+1
else
0
v
n
else
if opt="all"
va=pgon
for kel .. r
evall|l v :=num25tr(ﬂ
"y 3
v =f#size
g
v =f#color
"y s
v :=concat(”l(", num2str(r),'ﬁ'q
n
13
v ._"”
Dy
v
n
else
(0 0)

ertices=numberin olygon ertices .
v + v + g@ Ygonea, Vv + numberln%

verticesu€=augment(submatrix(vertices, 1, rows(vertices), 1, ﬂ-Rotﬂ—a),submatrix(vertices, 1, rows(vertices), 3, 5n




CROSS-SECTION PROPERTIES

perimeter
P=775.65mm
area
A=423O.Olmm2
centroid (relative to global coordinates x,y)

C =21.6mm C =5.79 mm
X y

second moments of area (relative to centroid)
I.=3373 7cm4 I.=471 96cm4
X ) Y )

radii of gyration

iX=8.930m iY=3.34cm
elastic section modulus
3
=255.35¢cm

W
el;top Wel;bot

=277.22€m3

I
X

4
Y—837.66cm

3
Wel;1eft 89-020cm

[polygonreferedto centroi@

Y

0.125 —
9

0.0625

i G

~0.0625

-0.125 110

-0.125 0 125
W =51 55cm3
el;right ~°°




orientation of principal axes of inertia (u,v) [orientation about principal axes of inertia]

Yy
=15 ° 0.125
o 0.125 lﬂ&&—)—)
29
principal moments of inertia
0.0625
4 4
I =3598.15¢cm I =247.51cm ®
u v 0 G
radii of gyration about principal axes of inertia .
\
i =9.22cm i =2.42cm -
u v - 25 110
— 25 0 0.125

[E]l—CALCULATION OF PLASTIC SECTION MODULUS (CREOSS-SECTIONHAVE CONSTANT YELDING STRESS)

plastic neutral axis position

polygon area

AP(pgon)== r=rows (pgon)
if r>3
1 r-1
- eval Z [pgonn 1 PION 1 o7 PIOR g PO o
n=1
else
0

[SMath geometry Unit of Measurement]

UoM:= UoM (P)

[check if "polygon" could have multiple areas]

isMultiPgon=eval (AP;ﬁ O)

search for a Plastic Neutral Axis (PNA).

pgon: polygon matrix;

axis: axis orthogonal to the PNA orientation ["x" or "y"];
mPgon: 1 if is a multiple polygon, 0 otherwise.




PN

A
hunter

(bgon, axis, mPgon):=

columm=eval(1+(axis="y"n

A =
pgon
blseCtloanound’UbounJ= __Lbound+Ubound
P 2
[A On—21AP(chunk(pgon, p, concat (axis, "_un”
f :=eval |round |—£2 -
i pgon
if £ =0
I
I
else
if £ <0
I
biseCtioanound’p]
else
bisection@, UbounJ

pmiﬁ=eval(min(col(pgon, columdn
pma£=eval(max(col(pgon, columdn
target= bisection[pmin, pmag]
Atarget:=o

if mPgon#0
"search PNA regions"

plast=[ptmp=[ptarge£=targetl”

P = sort
chunk

for ke length[Pchund_]"'l

col[chunk[pgon, P

target’ concat(axis, "_un, columﬂ]

p¥=eval Pchunkk

p#_ptmp

UoM !
—2-‘A

if round 5(#0

P[chunk[pgon, Py concat (axis, H_un”

A
pgon

:



las hig
else
t t,=
arge 1 plast

break

p =Py

tmp
else
0

=sort

Pchunk concat(axis, "+””, columﬂ]

col[chunk[pgon, I

target’

plast=[ptm§=ptarged
for ke:Z..length{Pchung

p¥=eval Pchunkk
p,-p
if round # tmp, 5120
UoM
Apgon—ZWAP[chunk[pgon, p#, concat(aXLS, - n”
£ =
p# A
pgon

if round[fp# , 5]= 0

plasf=p#
else

if plast¢ptarget

target2==plast

Atarge£=target2—target1
else
0
break
ptm§=p#
else
0
else
0

targe%J

A
targe




PNA x-position

PNA;=eval[PNAhunter@olygon, x", 1sMult1Pgod]
PNA := eval[PNA ] PNA = eval[PNA ]
X 1 Ax 2
PNA y-position
PNA;=eval[PNAhunter@olygon, v", 1sMult1Pgod]

PNA := eval[PNA ] PNA = eval[PNA ]
y 1 Ay 2

[allowable region for PNAS]

PNAs '=Translate

BOX rectangle[PNA PNA ., 0], PNA -C_, PNA -C

Ax' Ay

[PNA infos to plot]

PNAS = 0 o centroid centroid centroid
plot sym

bol symbolsize colo
#P:= Y tz

0 0 centroid centroid . centroid
name namesize colo

for kel ..2
PNAs PNAs

BOXk]_ BOX

PNAs PNAs PNA PNA PNA
BOX BOX, » name namesize colo

k 2 PNAsymbolPNAsymbolsizePNAcolo
#P=-eval|stack|#P,

k1
#P

msq]f=0 [script has found discontinuous equal areas; green box/line show the PNAs regiod

msg}j: 0 [PNAS and plastic section modulus calculated for equal areas]

msg=1f [PNAAX> O]V[PNAAy> 0]

descriptionﬁnsgﬂ



else
description (msg2]

plastic section modulus

’

Wpl pgon, PNAx~y’ ax13]:= #fpgoni=1if axis="x

eval|pgon-Rot

2
2
else

eval (pgon)

#chunk= chunk[#pgon, PNAx~y’ "y

x:=col (#chunk, 1)
y:=col (#chunk, 2)
r=rows (#chunk)
App:=AP(#chunk)

r-1

1
Cop~5a evael Z [[Yi+yi+1]'[xi'yi+1‘xi+1'yi]
Pp i=1

#chunk= chunk [#pgon , PNAx .

. , vvy_u]
x:=col (#chunk, 1)

y:= col (#chunk, 2)

r=rows (#chunk)

Anp:= AP(#chunk)
r-1

1
Chp~ g evael Z [[Yi+yi+1]'[xi'yi+1‘xi+1'yi]
np i=1

A -[c - PNA BJ|+|A -[c - PNA 3J|
pp | pp X; np | np X;

[plastic section modulus (x)]

Wpl;x:= Wpl

polygon, PNA , y"
Y1

[plastic section modulus (y)]

=W

Wpl;y pl polygon, PNAx , 'x

1




plastic neutral axes (relative to global coordinates x,y)

PNA :=PNA (1)
X X

PNA :=PNA (1)
Y Y
plastic neutral axes (relative to centroid)

PNA _=PNA -C
X X X

PNA _:=PNA -C
4 Yy Y

PLASTIC SECTION MODULUS

plastic neutral axes (relative to global coordinates x,y)

PNAX=15.92mm PNAy=1.23mm

plastic neutral axes (relative to centroid)

=—5.68 mm =—4.56mm
PNAX 5.68 PNAY 4.56

plastic section modulus

3 3
W =345.42cm W =111.7cm
plix pl:y

note: "PNAs and plastic section modulus calculated for equal areas"

[plastice neutral axes center/regioq

0.125 yﬁ

0.0625

- .I.Z;

20.0625

~0.125 105 0 0.125




