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Laboratory |

Geometrical characteristics, steel products
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LABORATORY OBJECTIVE’S

Presentation various types of steel cross-sections;
Reminder about geometrical characteristics from Strength of Materials;
Calculation of geometrical characteristisc for massvie cross-sections;
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LABORATORY EXERCISES # 1

] (0 (8 (=] 1| TR TRR TSRS

Topic:

1. Using a ruler, thickness gauge and ultrasonic thickness gauge, identify the
profile of plate girder with corrugated web.

2. Using a ruler, thickness gauge and ulirasonic thickness gauge, identify the
profile used for supporting node of truss.

3. Calculate geometrical characteristics for cross-section as follow:

[ ..................................... TWO Separated grades
* For points 1+2 — L, 4

* For point3 — L, ,
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Ultrasonic gauge:

2 X Thickness =
Velocity / Time

Ruler,

Photo.: Autor

micrometric gauge
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Photo: wikipedia

Micrometric gauge: how to use

V: vertical line — more than 71 mm
H: horizontal line — between 7 and 8 (about 7,5); 1/100 scale
Result: 71 + 7,5/100 = 71,075 mm
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Symbol Value Average

b Describe [mm] value
[mm]

Tty

Ruler h

Ruled b

h Thickness
gauge

t

Thickness
gauge

tw

L3 Ultrasonic
thickness
gauge

Photo: Autor

YNY7/| Cracow University Faculty of Civil Chair of Brldge, Metal and Timber Structures
l ‘ of Technology

'A\ e
[T ’V Engineering . .
PR ot Anniversary 25| soth Anniversary Cracow University of Technology



Steel products

| - beam:
« Hot rolled
« Welded
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Hot rolled:

| H

IP HE

Photo: optimax.pl

v

|:‘— b
" 55

7

"*T"‘; b ! —i e —
b

IPN IPE, IPE-A, IPE-AA IPE-O HEB, HEA, HEAA, HEM

Photo: hmsteel.pl Photo: hmsteel.pl
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Photo: Autor IPN h — h [mm]

IPE h — h [mm]
Cr I'twl' Cyr
¢ HEB h — h [mm]
rf hld
h (IPE-O) > h (IPE) > h (IPE-A) > h (IPE-AA)
h (HEM) > h (HEB) > h (HEA) > h (HEAA)
hg y h
y h (IPN 200) = h (IPE 200) = h (HEB 200) = 200 mm
h (IPE-O 200) = 202 mm
h (IPE-A 200) = 197 mm
H (IPE-AA 200) = 1964 mm
r N h (HEM 200) = 220 mm
t h (HEA 200) = 190 mm
b h (HEAA 200) = 186 mm
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* Plane web

* IKS ||
1
*HKS |

Photo: weldingweb.com

« Corrugated web |
\ \HHHHH

H HH :
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Other types of products (the most important):

* Plates (sheets steel)

e Channel sections

' Tabli
ablice

* Ropes : -
do projektowania

konstrukcji

metalowych

 Sigma-beams
« Hollow sections
e Z-bars

« Cold-formed sections

Photo: Autor

More informtion about steel products was presented on lectures (— Lec #1)
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Third point

Nr Name I L C Shape

1 IPE 300 60x60x6 120 A

2 IPEA 300 | 30x50x3 160 B

3 IPEO 300 | 65x635x9 130 C

4 HEB 300 | 45x45x3 120 D

: Calculation of geometrical
T characteristics

(Al 'A\/,y 1'6\/, V4l \]yi ‘]21 iy1 i21

Wy, el, top? Wy, el, bottom? Wz, el
VVy, pl Wz, pl)

Photo.: Autor
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Geometrical characteristics

Z, Area of cross-section [m?]:

A=[] dzdy

Yo

Photo: Autor
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Static moment [m?]:

S, =11 zdzdy
A S,=1 1 ydzdy
A “1
Z,
Ay
/ Sy =S, = 0 when axis goes through Centre of Gravity:
CoG Y1 -
Az =
/ Ay=S,/A
Vo Az=8,/ A

Fhoto: Autor

INW/| Cracow University  [* ]| Faculty of Civil Chair of Bridge, Metal and Timber Structures
lllll ‘ of Technology ‘L"L Engineering

PRE| o Aniversey S| soth Anniversary Cracow University of Technology



Moment of inertia [m?]:

Centrifugal moment (moment of deviation) [m?*]:
I,=11 Zdzdy N
1=11 y2dzdy D,,=! | yzdzdy

Z Dy, = 0 for principal axes of inertia:

L=A0,+ L)+ [y -1, 2 +4D,,,2 1}/ 2
y, L={(y + L) -V, -T2 +4D, 2 1} /2
—
x tgot=Dy, /(T - T)
y

Fhoto: Autor
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Radius of gyration [m]:

Sectional modulus [m?3]:

i, =V {J,/A)
i,=V{J, /A
2 ( : ) Wy, top = ‘Jy/ | Zmax, topl
Z Wy, bottom — ‘]y/ | Zmax, bottoml

ymax, left

Wz, left = ‘Jz / | ymax, Ieftl
VVz, right = ‘]z / | ymax, rightl

ymax, right

For bi-symmetrical cross-section:

VVy, top = y, bottom = Wy

Wz, left = Wz, right = Wz

Zmax, bottom

Photo: Autor
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I Geometrical characteristics - rectangular cross-section:

A=bh
J,=bh3/12
W, =3,/ 2 =3,/ (05h) =b h?/ 6

i,=V({J,/A)=h/(23)

Photo: Autor

|
2
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More information about sectional modulus:

W,

y,top:Jy/|z

max, topl

Wy, bottom — Jy/ | Zmax, bottoml

Why sectional modulus is important?
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Let's analyse stress distribution as follow:

» value of stress depends only on z:

o (y,2) =0o(2);
*2=0—>0=0;

*0 (Zma) = O (Ztop) = Oiop

e there is linear function o (2):

o(z) = Giop (z/ ZtOp)

) (Zbottom) = Oottom < cytop y

Photo: Autor
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What is value of axial force, makes this one stresses:
O-(Z) = O-top (Z / Ztop)
N =] [[o(2)] dzdy =] | [0, (z/ 7] dz dy = (Gy, / Zp) | | z dz dy =

= || #t/14: S,=[ [ zdzdy ; CoG:S,=0 || = (Orp/ Zop) 0=0
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What 1s value of bending moment, makes this one stresses:
S(2) = Oop (27 Ziep)
M, = [{z[o@)]} dzdy =] [ {z [0y, (2/ 2]} dzdy =
= (Gtop / Ztop) [ [(z%) dz dy =

= || #/15:3,=1 [ 22dzdy || = (Gop/ Ztop) Iy =

— |l #/16 W — 1 / —

- || #t/16: W y, top T\ / ‘ ZTop‘ | Otop Wy, top
My ~ Omax Wy, max
My, max fy Wy, max
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What is the best type of cross-section, if we have
| Z limitations as follow:

A — small (small dead weight)
W, — large (large resistance of cross-section)

y y h — limited (design limitation)

For example:

N

h<3a
Z

Photo: Autor ‘
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Shape of cross-section:

—
| a Jy=7
] . il—— _—]— - Wy:r)
S i, =2
| 2a | My, max = ?

Photo: Autor

VY Cracow University Faculty of Civil Chair of Bridge, Metal and Timber Structures

of Technology I‘@I Engineering

80th Anniversary Cracow University of Technology

m 80th Anniversary



|
|
3a |
| b=2a h=a
| a J,=bh3/12=0,167 a*
- - 1|——-—— — - W, =bh?/6=0,333 a°
i iy=\/(Jy/A):O,289a
) 2a | I\/Iy, max = 0,333 a3fy
|
|

Photo: Autor
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|

|

|

| b=a h=2a

| 2a J,=bh3/12=0,667 a*
= W, =bh?/6=0,667 a3
| .

| i,=V(J,/A)=0577a
| M, max = 0,667 a3,

y, max

Photo: Autor
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b=2a/3 h=3a
Jy:bh?’/12:1,500a4

3a W, = b h?/6 = 1,000 a°
i,=V(J,/A)=0866a
My, max = 1,000 231,

Photo: Autor
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4 J =2
—— — == — y
;"—ﬂ—l——,r Wy:'?
4 T iy:’)
| —
. __'r-E__ _ My max =7
|
_ . My -

Photo: Autor
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PK

|
L !;___
B R i

|

|

| a
= —

—a—

2 i

| a
SR 3

|
- | y —

Photo: Autor

Cracow University
of Technology
80th Anniversary
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J,=2[bh3/12]+2[A, d?]

Own stiffness Steiner's theorem

b=a h=a d=az=15a A =@
Jy,=2[bh3/12]1+2[A d*]=
= 0,167 a* + 2,000 a* = 2,167 a*
W, =J,/z=1444 a3
i,=V(J,/A)=1041a
M, max = 1,444 a3,

y, max

Chair of Bridge, Metal and Timber Structures
Cracow University of Technology




Yoy

PK

b=2a h=05a d=125a z=15a A;=a

|
|

| J,=2[bh3/12]+2[A, d?] =
| =0,042a* + 3,125 a* = 3,167 a*
YT T T T W, =J,/z=2,11143

My, max = 2,111 a3,

y, max

|
| i,=V(J,/A)=1258a
|
|

Photo: Autor

Cracow University
of Technology
80th Anniversary
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Photo: Autor

R B B | ==
o l i
2a? 2a? 2a? 2a? 2a?
0,167 a* 0,667 a* 1,500 a* 2,167 a 3,167 a
0,333 a3 0,667 a3 1,000 a3 1,444 a3 2,111 a3
0,289 a 0,577 a 0,866 a 1,041 a 1,258 a
0,333a%f, | 0,667a%f, | 1,000af, | 1444af, | 2111af,
1,000 4,000 9,000 13,000 19,000
1,000 2,000 3,000 4,333 6,333
1,000 2,000 3,000 3,602 4,221
1,000 2,000 3,000 4,333 6,333

Faculty of Civil
Engineering
80th Anniversary
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There is an error in the calculation.
What kind of error?
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Steiner's theorem can be used only when exist rigid connection
between separated part of cross-section.

Upper and lower branch of cross-section do not cooperate each other, when there is no
connecting element. In this case, load acts only on one branch of cross-section.

Photo: Autor
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No connection - no Steiner's theorem, one
branch only

Jy:2[bh3/12]
b=a h=a z=1,5a
Jy:a4/12 = 0,083 a*
Wy:Jy/z:0,056 a3
i,=V(J,/A)=0204a

M :0,056a3fy

y, max

Photo: Autor
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No connection - no Steiner's theorem, one branch only
J,=2[bh3/12]
—————— — = b=2a h=05 x=15a
' J,=0,021 a
1.25a| | W, =1J,/2=0014
| | i,=V({J,/A)=0,102a
_____ A M, max = 0,014 831,

y, max

Photo: Autor
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Photo: Autor

Steiner's theorem No steiner's theorem
S o | = O | B
7777777777777 T I =1 T 5
A 2a? 2a? 2a? 2a? 2a? 2a? 2a°
Jy 0,167 a* 0,667 a* 1,500 a* 2,167 a* 3,167 a* 0,167 a* 0,042 a4
W, 0,333 a° 0,667 a° 1,000 a3 1,444 a3 2,111 a3 0,111 a3 0,028 a3
Iy 0,289 a 0,577 a 0,866 a 1,041 a 1,258 a 0,289 a 0,145a
M, 0,333a%f, | 0,667 a*f, 1,000 a%f, | 1,444a%f, | 2,111a%f, | 0,111a%f, | 0,028 a®f,
Jy 1,000 4,000 9,000 13,000 19,000 0,083 0,021
W, 1,000 2,000 3,000 4,333 6,333 0,056 0,014
Iy 1,000 2,000 3,000 3,602 4,221 0,204 0,102
M, max 1,000 2,000 3,000 4,333 6,333 0,056 0,014

Cracow University
of Technology
80th Anniversary

A
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The best shape of cross-section for bending member:

Photo: discountsteel.com

| | | |
|
|
| Photo: Autor
|

________ .I.__________ -

|
|
|
|
| |

| f | :
| |

Photd: conference-truss-hire.co.uk
Cross-section of I-beam Cross-section of truss
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Photo: Autor

Own stiffness = 0,167 a* Own stiffness = 0,167 a* Own stiffness = 0,042 a*
Steiner's theorem = 0,000 a* Steiner's theorem = 2,000 a* Steiner's theorem = 3,125 a#
Total = 100,0% + 0,0% Total = 7,7% + 92,3% Total = 1,3% + 98,7%

For rectangles in horizontal position and in a distance from centre of gravity, their own stiffness
Is neglegible.
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Photo: Author
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of Technology ‘#} Engineering
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IPE A 600 [mm]

h b t; t, r
597 | 220 | 17,5| 9,8 | 24

J, = 82920 cm*
Three rectangles; for horizontal: Steiner’s theorem + own
stiffness:
J,=(59,7-2-1,75)°- 0,98 / 12 +

+2-[(1,75%-22/12)+ 1,75 -22 - (59,7 /2-1,75/ 2)?] =
=79161cm*  (95,47%)

Three rectangles; for horizontal: Steiner’s theorem only:
J,=(59,7-2-1,75)°- 0,98 / 12 +

+2[1,75 22 (59,7 /2—1,75/2)2] =79 142 cm?
(95,44%)

Chair of Bridge, Metal and Timber Structures
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Previous calculations are true for elastic analysis (linear distribution of stresses). But
there are three possibilities during analysis of steel structures: elastic, elasto-plastic and
total plastic behaviour in analysis of steel structures. What about plastic analysis?

Elastic

behaviour: Elasto-plastic Total plastic
behaviour: behaviour:

linear distribution
of stresses only

constant

C,.,<f _
tOp Gtop - fy

; constant Ohottom = F

Ghottom = y

Ghottom = 1:y
bi-constant

distribution of
stresses only

Photo: Autor
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Generally:

M, = J'A_l‘ o(y, z) zdz dy
and

N=| lo(y.z)dzdy
A

There 1s taken 1into consideration cross-
sectional forces as for previous situation:

N=0

and

M, #0

Fhoto: Autor
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N=] [o(y,2) dzdy=
A

Al A2

o(y, z) =f, =t [ Tdzdy-£, [ [dzdy=

= || #/13: A=[ [ dzdy || =

=A f,- A f,

o(y, z) = -,

N=0—A, =A,

Photo: Autor
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Photo: Autor

AN Cracow University
l [T ‘ of Technology
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Engineering

For bending moment and total plastic behaviour, there
Is important line, which divides cross-section into two
equal surface area (A; =A, =A/2)

For symmetrical cross-section (y = axis of symmetry)
this line is y axis.

For unsymmetrical cross-section, this is y' axis, not
the same as y axis.

y

Chair of Bridge, Metal and Timber Structures

m 80th Anniversary

80th Anniversary
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Elastic behaviour: S;.(Ye) = -Sog((YeD);
Alel 75 AZeI;

Plastic behaviour: A, = A,;
S1pYpD) 7 -Sopi(Ypi;

Alpl

Photo: Autor

m:{] 80th Anniversary
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A=A,=A/2

M, =[] {z[o(2)]} dz dy =

o(y, z) =1, = jmj (z fy) dz dy + IAZI (-zf,) dz dy =

=f,(] Jzdzdy-| [zdzdy)=
Al A2

= || #t/14: S,=] | zdzdy || =

G(y, Z) =-f
y =1, [ [S(A)y| +IS(A,),l]
Photo: Autor
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My =1, [IS(ADyl + [S(A)y]
It can be presented as:
M, =f, W,

W, , (plastic sectional modulus) is specific geometrical
characteristic, important for total plastic behaviour of material.

For symmetrical cross-section (y = y"):

W, =2 (static moment of half of cross-section about axisy = y')

P

Generally (i, ] =Y, 2):

Wel, i = ‘]i / | jmaxl

Wo i > W

Photo: Autor
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In addition to the elastic and plastic sectional modulus, it is sometimes necessary to consider
the effective sectional modulus. It appears in the situation of very slender cross-sections (thin
and high web), for which the local stability of compressed part may be lost.

Photo: ijird.com
Photo: Autor
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The part that is subject to local instability is ignored. Effective
cross-section is a fictitious cross-section from which fragments of
flanges / web (subject to instability) have been removed.

When considering the effective cross-section, it is necessary to find
the effective cross-sectional area, effective center of gravity,
effective moment of inertia and effective sectional modulus. More
information will be presented on Lab #2.

Weff < Wel < VVpl

Aeff <A

Photo: Autor
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Shear force tﬁ Sy

According to Mechanics of Materials: ,l

T=VS,(2)/,1(2) |

Photo: Autor

It can be presented as:

T=V/A,
T =max when A, = min; A, =min fort=minand S = max.
A=, t(z=0)/SyYz=0)

A, is specific geometrical characteristic (“active area"), important for shear force.

of Technology
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ngineering
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Photo: Autor
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of Technology ‘&} Engineering
80th Anniversary LE_J 80th Anniversary

Generally:

t<<h

J,~h3t, /12 +2[t;b (h/2)]] =
=h2(ht, /12 +tb/?2)

Sy (top half of cross-section) =
=ty (h/2)(h/4)+tb(h/2)=
=h(ht,/8+tb/2)

Chair of Bridge, Metal and Timber Structures
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A =3,t,/S,=

=t,[h2(ht,/12+tb/2)]/[h(ht,/8+tb/2)]=
=t,h[(ht,/12+tb/2)/(ht,/8+tDb/2)] =
= ht,=tb=A"|| =t,h [(AT12+A[2) [ (A"/ 8+ A"/ 2)] =
=t,h {(A'/2) [(L/6) +11}/ {(A'/ 2) [(L/4) + 1]} =

=t h[(1/6)+1]/[(1/4)+1]=t,h (1,167/1,250) =t h

~~ | Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Generalisation:

A,, can be approximated as area of rectangulars, paralell to direction of shear force.

- ] g—

Photo: Autor
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Torsion is the most complex type of load. They should be considered in several different
ways:

* round bars;

« circular hollow sections;

 square or rectangular hollow sections;
« simple cross-sections (L T -|— );

* rest open cross-sections.

Differentiation consists in various deformations of twisted bars, various stress distributions
or various formulas for geometric characteristics.
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General case:

AX The effect of the torsional moment

;T Is not only the rotation of the
section, but also its deplanation -
/ initially flat and parallel sections
become non-flat and non-parallel.
L] Not all cross-sectional shapes are
AX subject to deplanation, and for
those parts which are subject to

Rys: Autor deplanation have negligible values.

Cracow University [ x| Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Cross-section Deplanation Torsional moment Remarks
TEd
Round (bar, Does not exists Teg =T, g4 -
hollow section)
L Very small Free Teg =T gq -
T
+ Restricted by Teg = T, g4 -
supports
Rest Important Free Teg = Tt kg -
Restricted by | Tgy =T, g+ T, gq | Inaddition, B, it should
supports be taken into account

T, g4 — St Venant torsion moment (free deplanation of cross-section);
T, gg — Warping torsional moment (restricted deplanation of cross-section);

B ¢4 - bimoment

7~ | Faculty of Civl Chair of Bridge, Metal and Timber Structures
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I-beam deplanation: both flanges are M
deformed in opposite directions. | 1

In case of restricted torsion, specific
distribution of stresses (c not ony 1) in h
flanges is inducted.

M,

N < T/
NN

T Axial stresses can be presented as the effect of
bi-moment [Nm?]:

B=hM
Rys: Autor
k_ﬁ P M = [My] =M,
o)

Bi-moment is taken into consideration during
analisis of thin-walled structures also.
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Different ways of bar deformation make it necessary to consider two separate

groups of geometrical characteristics:
The first group (J; W+ ™) concerns the torsion of the cross section and resistance

due to the torsional moment.
The second one (J, W,) is related to the section deplanation and resistance due

to the bi-moment.

7 G In analogy to bending, the moment of inertia at
torsion and the sectional modulus at torsion
can be presented:

Rys: Autor
* —
WT - ‘]T / 1:max

=max(t, ; t, ; t3...)

1:1 3: tmax

Faculty of Civil Chair of Bridge, Metal and Timber Structures

Cracow University
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Values for I-beam are presented in special tables.

Notations pages 104-108 J Bezeic hnungen Seiten 104108

o Valeurs statiques / Section pro perties / Statische Kennwerte Classification
Désignation axe fort y- axe faible -2 - ENV 1993-1-1
Designation ¥y . -
Bezeichnung strong axis y-y weak axk 22 " e | S

starke Achse vy schwache Achse z-2 bemding y-y |compession E

G e Wary | Woiy* Iy Ay l; Wapz | Wpiz# k 5 It 107 | s § m | §
kgim o o o om cmt o o o m mm ot U R RN P gy o

IPEA 360 50.2 | 14520 48118 9B& 1506 2976 43 111 1719 384 5069 2651 28 (11 -4 4

IPE 360 571 ) 1eZi0 936 1019 1495 354 | 1043 1228 1911 379 0 M449 0 373 3136111 -2 4

IPEO 360 60 | 19050 1047 M8 1505 4021 1251 1455 2269 38 | 5968 556 38031 1 - |1 3

IPEA 400 o4 | 20290 1022 1M eeb 3508 | 1171 13001 2027 400 | 5580 3409 4322111 - |4 4

IPE 400 ghd | 23130 156 1307 1655 4289 | 1318 1ded 2290 395 | 8020 5108 4% |11 - |3 4

IPEO 400 757 | 26750 1324 1502 Toge 4798 | 164 1M9 2691 403 ) 8530 7310 e|1 1 -|2 3

Rys: europrofil.lu
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Approximated formulas could be used also:

c=a(htd+h,t3+hyt3+..)/3

s ) Cross-section o
A Hot-rolled I-beam 1,20
e Welde_d I-be_ams with 1,50
2 Rys: Autor vertical stiffeners
L 1,00
t, ¥ C 1,12
T 1,40

Faculty of Civil Chair of Bridge, Metal and Timber Structures

Cracow University H
lﬂk ‘ of Technology ‘%A Engineering

PR ot Amiversory |7 | 80th Anniversary Cracow University of Technology




For hollow cross-sections (circular, rectangular, square), the moment of inertia at torsion
and the torsional sectional modulus are calculated differently:

J;=4A2/ [ (ds/t)

. ds
Rys: Autor
For round bars:
Jr=mr4/2
Wi =nr3/2

.v‘"v 7 Cracow University N Faculty of Civil Chair of Bridge, Metal and Timber Structures
of Technology Vi Engineering ) )
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The most complicated topic in field of calculating cross-sectional characteristics is to
count those associated with deplanation. This issue is beyond scope of course of metal
structures. It should be presented during lectures from Strength of Materials.

W,=J,/o

J,, — warping moment of inertia / warping constant [m°®]
W,, — warping sectional modulus [m#]
® — sectional coordinate [m?]

Warping sectional modulus is not such important for metal structures as sectional
coordinate. Warping constant is the most important.
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Geometrical characteristics associated with torsion and deplanation are important not only
In the case of torsion, but also in the case of thin-walled sections (sometimes aluminum or
cold-formed steel sections are calculated using this method), and for matters related to the
loss of stability of the element under compression or bending (— Lecture # 5 ). For "basic"
cross-sections (I-sections, C-sections), the warping of inertia and the sectional coordinate
are given in the tables.

o b, ~ ’
e T
| = A

Rys.: Tablice do projektowania konstrukcji
metalowych, W. Bogucki, M. Zyburtowicz,

¢
Arkady Wa-wa 1996 :

Bl
‘ A

vf‘i\

=

M s ‘; |
o %jf' L\ Lm

I Wycin L Wycin [ Moment | Gigtno Wycin- | Wycin T Mo
Wskaznk Promien Pole kowy kowy i bezwlad kregtna kowy kowy
wylrzy bezwlad wycin moment |x-.\L_u-u_k nosci charakte Wskaznik Promien Pole moment | wskaz | bez Gigtnokret
malosci nosci kowe bezwlad- | wytrzy przy skrg rystyka wytrzymalosci bezwiadno wycinkowe bezwlad- | nik wy- |wladno-| na charak
nosci matosci caniu l/em sci nosci trzyma- | Sci przy| terystyka
. —_— losci | skreca I/cm
W W i i p niu
cm cm { &I 14 IL W i i ®w | o I W / Gl
—— cm cm m cmt 1 E
200 69 324 | 106 8.6 118 i 137 0,70 0,04 | e IR | (S = i, LRI =
34.2 5719 407 | 124 130 351 | 27.1 1,20 00363 533 263 132 1.04 75 8 4¢ 308 ) 66 0
530 8.65 490 | 145 18.1 889 19,1 1,74 00275 3631 078 | 147 | 055 18 1 4151 10 (
73 123 5,74 1 243 1980 L 245 00218 831 318 174 1.13 3 199 181 6 | 121
109 16,7 658 | 184 313 3958 | 126 361 | 00188 o ) ‘ ) N _
10,6 3,75 192 1,13 286 | 460 306 6,65 1.4 | 0,120
177 507 1 3 7 809 116 | 188 | 00946
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If necessary, you can use approximate formulas:

Przekrdj Cechy geometryczne
y ys = o
T :—Jﬁ— =t L - /,!:2
< f'Q-'S— P‘___.x 1
| o — > o
l_ b ’ rx - 0

y
Y U Ve-Tleh-(h-e)ll=e-2h
' y

i y
4 ol bkt
< 1t @ ,1+12
: PN /T'%(b1f13+bzé+b3€a)
rx-,l(ysly+b1n es—bztz(h—e)3+%[e"-(h_e)“]|
40 ¢ Ys=¢€
i TEI—F Lo
v I . I Ir-%(bf’+b38)
- I
K
-"r—ir—— r,,-{—({el,,«»bte3+—t§[e“-(h_e»)‘]'|
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I, Y4 Iy h
PR Ys= €+
o fr = 1 Re2nh
<l 4 . ) 3 T,
A k 1
I )| by N\ lr-§(2b1f?+b3f3)
fy X ys=0
| H
i?:_é’l cl b h
™ =t (2b h &
| o r-s( 1 hsaup2 + h )
h

m:{] 80th Anniversary
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Cechy geometryczne

t
ys'OY"’z'

A + A
36
/,-Jé(m £+ b2 B)

Iy =

0 — $rodek cigzkosci

S — $rodek scinania . )
Iy b (k) — momenty bezwiadnosci polek (§rodnika) wzgledem osi symetrii
I, — moment bezwtadnosci figury wzgledem osi symetrii

J. Zmuda, ,,Podstawy projektowania konstrukcji metalowych”, TiT Opole 1992
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Example of calculation

2x L 150x150x15

W s 7 » / L L A

) C 300
HEB 220 |
s /\ /\ /\ /\J/\/\ /\ /\ /\ e o |
1 C 220 2x L 100x100x10

Photo.: Autor
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T. z
I & 12,5
18
9
220 L=
y
]

220

b

HEB 220

l AN ‘ Cracow University Faculty of Civil

220

21,4 + 58,6

f- —

1:125 6°

[

12,5 y
L 125

40 + 40

C 220

Photo.: Autor
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Z b 100 W
1 27 + 73
,._f o 150
1:125 8
10 1N
T 45 + 105
300 E} 45 + 105
y 150
16
ol L 150x150x15
. 16
50 + 50 \\:\
C 300
100
282+718 k 28,2+ 71,8
L 100x100x10
100 Photo.: Autor
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A Jy J, e+f
[cm?] [cm?] [cm?] [cm]
HEB 220 91,0 8 090 2 840 .
C 220 37,4 2 690 197 2,14 + 5,86
C 300 58,8 8 030 495 2,70 + 7,30
L 100x100x10 19,2 177 177 282+7,18
L 150x150x15 46,0 1100 1100 450 + 10,50

Both C-sections are rotated to horizontal position. This means, their local axisy is
parallel to global axis z and their local axis z is parallel to global axis y. It's
Important for calculation of moments of inertia (in global axes of course).
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A=3 A =2A (L 150x150x15) + A (C 300) + A (HEB 220) + A (C 220) +
+2 A (L 100x100x10) =
=2-46,0+58,8+91,0+374+2-19,2=
= 317,6 cm?

T

Centre of gravity for 2 (L 150x150x15)
z2,=220/2+10+45=165

2,=220/2 +10 - 27 = 93

jf ! - '\\ Centre of gravity for C 300

Centre of gravity for HEB

z;=0 Photo.: Autor

J\_ 2,=220/2+21,4=1314

N 7 r 1 Centre of gravity for C 220

t j L Centre of gravity for 2 (L 100x100x10)
’ 2. =220/2+28,2=138,2

YNY7/| Cracow University Faculty of Civil Chair of Brldge, Metal and Timber Structures
l [T ‘ of Technology
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S,=%S;,=2A(L 150x150x15) 7, +
+ A (C 300) z, + A (HEB 220) z, +
+ A (C 220) z, + 2 A (L 100x100x10) z5 =
=2-46,0-16,5+58,8- 9,3+

+91,0-0-37,4-13,14-2-19,2- 13,82 = _—
=1042,716 cm3
z,,=165-32,8=132,2
Jl\
2,,=S, /A=1042,716/317,6 =3,28cm [—= :
N7
z,,=93-32,8=60,2
Centre of gravity for total cross-section
Centre of gravity for HEB Z,,=32,8
2,,=131,4+328=
J\_ 164,2
b 1 Il \l\
t‘l L Z;,=138,2+32,8=171

Photo.: Autor
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J,= [2, (L 150x150x15) + 2 A (L 150x150x15) 22, ,] +
+[J, (C 300) + A (C 300) z%,,] + [J, (HEB 220) + A (HEB 220) 2%, ,] +
+[J, (C 220) + A (C 220) z2,,] + [2 ], (L 100x100x10) + 2 A (L 100x100x10) zZ;.,] =
=[2-1100+2-46,013,222] + [495 + 58,8 - 6,022] + [8 090 + 91,0 - 3,28%] +
+[197+374-16,42°2]+[2-177+2-19,2-17,17] =
=51 836,840 cm*
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Ve, =220/2+282=138,2

J\.

Yoy
PK

Photo.: Autor

Cracow University
of Technology
80th Anniversary

|

Faculty of Civil
Engineering
80th Anniversary

J,= [23, (L 150x150x15) + 2 A (L 150x150x15) y2, ] +
+[J, (C 300)] + [J, (HEB 220)] +
+[J, (C 220)] + [2 J, (L 100x100x10) +
+2 A (L 100x100x10) y2 ,] =
=[2-1100+2-46,0 - 4,57 + [8 030] + [2 840] +
+[2690] +[2-177+2-19,2-13,82?] =
=25311,108 cm*

Chair of Bridge, Metal and Timber Structures
Cracow University of Technology




i, =V (J,/A)=12776 cm
Zup = 23 i = (J,/A)=8927 cm
J|\
[ ' '\ W, e top = Jy / Ztop = 2 185,364 cm?
J L W, e1. bottom = Jy / Zbottom = 2 134,960 cm?

W, o =y / Ymax = 1 205,291 cm?®

1 f \ Zbottom =243

Photo.: Autor
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"Active area" for shear force.

For calculations, cross-section is approximated by rectangulars.

Photo.: Autor
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A, , = 2x (amr L 150x150x15) + 2x (flange C 300) + (web HEB 220) +
+ 2x (flange C 220) + 2x (arm L 100x100x10) =
=2-(15-1,5+2-(10-1,6)+22-0,9+2x(8-1,25)+2-(10-1) =136,8

Photo.: Autor

1

A,y = 2x (@amr L 150x150x15) + (web C 300) + 2x (flange HEB 220) +
+ (web C 220) + 2x (arm L 100x100x10) =
=2x(15-1,5)+30x1 +2-(22-1,25)+22-0,9+2-(10-1)=169,8
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Plastic analysis: division of cross-section on two part of the same area.
For calculations, cross-section is approximated by rectangulars.

Vertical axis z (= axis of symmetry) divides area into two identical parts.

Horizontal direction - many possibilities:

1 1) Line goes through amrs L 150x150x15;
2 —fFee——— 7 3 2) Line goes through web C 300;
4 J L 3) Line goes through flange HEB 220;

5 4) Line goes through web 220 and flanges
C 300;

5) Line goes through web HEB 220 out of

o T

Photo.: Autor
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Possibility 1
Line goes through amrs L 150x150x15

The lowest position of line (max top part) divides total cross-section into two parts:
Top part: 2x L 150x150x15; _

Bottom part: C 300 + HEB 220 + 2x L 100x100x10 + C 220

Area (top) = 2x 46,0 = 92,0;
Area (bottom) = 58,8 + 91,9 + 2x 19,2 + 37,4 = 225,6;

!

Area (top) is too small. On the other hand, it is max area for possibility 1.

Photo.: Autor

Possibility 1 is impossible.
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Possibility 2
Line goes through web C 300

The lowest position of line (max top part) divides total cross-section into two parts:
Top part: 2x L 150x150x15 + web C 300
Bottom part: flanges C 300 + HEB 220 + 2x L 100x100x10 + C 220 m

Area (top) =2x 46,0 + 1,0 - 30,0 = 122,0;
Area (bottom) = 28,8 + 91,9 + 2x 19,2 + 37,4 = 196,6;

!

Area (top) is too small. On the other hand, it is max area for possibility 2.

Possibility 2 is impossible.

Photo.: Autor
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Possibility 5
Line goes through web HEB 220 out of flanges C300;

Top part: 2x L 150x150x15 + C 300 + top flange HEB 220 + top part of web HEB 220;

Bottom part: 2x L 100x100x10 + C 220 + bottom flange HEB 220 + bottom part of web
HEB 220

Area (top) = Area (bottom)
Area (top flange HEB 220) = Area (bottom flange HEB 220); flanges can be neglected

Area (top) = 2x 46,0 + 58,8 + top web = 150,8 + top web; m
Area (bottom) = 2x 19,2 + 37,5 + bottom web = 75,9 + bottom web;

But total aera of web (top + bottom) = 17. It is too small to make equiv
bottom par.

Photo.: Autor

Possibility 5 is impossible.
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Initial analysis of areas of sub-patrs shows, that only two possibilities should be taken
Into consideration:

— 1. T 1

4) Line goes through web HEB 220 out of 3) Line goes through flange of HEB 220
flanges C300 and flanges C300
(22,5 mm <a<100,0 mm, a-+b=100,0 mm) (10,0 mm <a<22,5mm, a+b=100mm)

of Technology
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part flange C 300
bottom flange HEB 220
C 220

2x (L 100x100x10)

o L [~ o L L
Photo.: Autor
I I I I
4 3
A = 2x (L 150x150x15) 2x (L 150x150x15)
=A/2=A, web C 300 web C 300
part flange C 300 part flange C300
whole top flange HEB 220 part top flange HEB 220
part web 220 no web 220
A, = no top flange HEB 220 part top flange HEB 220
=A/2=A, |par web HEB 220 whole web HEB 220

part flange C 300
bottom flange HEB 220
C 220

2x (L 100x100x10)

l AN ‘ Cracow University
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4 3
2 - (46,0) 2 - (46,0)
30-1 30-1
(a-1)-1,6 (a-1)-1,6
221,25 (a-1)-22
(a-1-1,25)-0,9 0
0 [1,25-(a-1)] - 22
[22-1,25-(a-1)]-0,9 0,9-(22-2-1,25)
(10-a)-1,6 (10-a)-1,6
221,25 221,25
37,4 37,4
2-(19,2) 2-(19,2)
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4 3
92 92

30 30
(a-1)-1,6 (a-1)-1,6
27,5 (a-1)-22
(a-2,25)-0,9 0

0 (2,25 -a) - 22
(21,75-a)- 0,9 17,55
(10-a)-1,6 (10-a)-1,6
27,5 27,5

37,4 37,4

38,4 38,4
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4 3

149,5 122

1,6a-1,6 1,6a-1,6

0,9a - 2,025 22a - 22

19,575 - 0,9a 49,5 - 22a

16 - 1,6a 16 - 1,6a

103,3 120,85

4 3

2,5a + 145,875 23,6a + 98,400
138,875 - 2,5a 186,450 - 23,6a
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4 3
2,5a + 145,875 = 23,6a + 98,400 =
= 138,875 - 2,5a = 186,450 - 23,6a

4 3
5,0a=-7,000 47,2a = 88,050

3
a=19cm

Conclusion:

Possibility 4, initial assumption 22,5 mm < a < 100,0 mm, result a = -14 mm,
contradiction, possibility rejected

Possibility 3, initial assumption 10,0 mm < a < 22,5 mm, result a =19, mm, OK.,
possibility accepted

[T of Technology
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Wy, pl = |Sy (Al)l + |Sy (A2)|

19 Yol

Sy (Ay) =S, [2x (L 150x150x15)] +
+ S, (web C 300) + S, [ 2x (top part flange C 300)] +
+ S, (top part top flange HEB 220)

81 68

yel

u Sy (A,) = S, (bottom part top flange HEB 220) +

+ S, [ 2x (bottom part flange C 300)] +
Photo.: Autor + S, (web HEB 220) + S, (bottom flange HEB 220) +
+ S, (C 220) + S, [2x (L 100x100x10)]
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Photo.: Autor

S, (A,) = 2,4 [2X A(L 150x150x15)] +
+2,, A(web C 300) +
+ 2,5, [ 2x A(top part flange C 300)] +

+ 2, , A(top part top flange HEB 220)
Zg., = 205 Zy0.4 = 239

S, (A)=64-2-460+14-30-1+0,5-2-1,6-0,9+0,5-22-0,9=642,14
[cm?]
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Photo.: Autor

291=232 | 7., =239

Zg1 =205

oo

Sy (A;) = z5; A(bottom part top flange HEB 220) + z, [ 2x A(bottom part flange C 300)] +
+ 2., A(web HEB 220) + z5_, A(bottom flange HEB 220) + z4_, A(C 220) +
+ 2,01 [2X A(L 100x100x10)]

S, (A)[=0,2-0,4-22+2-4,1-8,1-1,6+10,1-19,5-0,9+20,5 1,25 22 +

+23,2-37,4+23,9-2-19,2 =2 640,66 [cm?]
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W, = 1S, (A + 1S, (Al = 2X[S, (Al = 2X[S, (A,)]

ZeI = ZpI

IS, (A,)| =S, (L 150x150x15) +
Y11 =45 + S, (left part web C 300) +
4 Y21 =175 + S, (left part top flange HEB 220)] +
: . + S, (left flange C 300) +
J Y31 = g \1 + S, (left part web HEB 220) +
3:2 Goi=2 er =142 + S, (left part bottom flange HEB 220)] +
55 + S, (left part web C 220) +
+ S, (left flange C 220) +

{ J I, < 104 +S, (L 100x100x10)
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Yo.p =138
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1S, (A,)] = Y. A(L 150x150x15) +
+y, , A(left part web C 300) +
+ Yy, A(left part top flange HEB 220)] +
Zel = Zpl +v,., A(left flange C 300) +
Y1 =45 +y:  A(left part web HEB 220) +
«’ Voi =75 + Y 1 A(left part bottom flange HEB 220)] +
+ Yy, A(left part web C 220) +
' - — + Yg.1 A(left flange C 220) +
J :y;; \1 Ver =142 1y A(L 100x100X10) =
—ya= | ¥sa=2 —4,5-46+7,5-15-1+55-11-1,25+
> 1142-9-1,6+02-195-05 +55- 111,25+
. ; _-104 +55-11-09+10,4-1,25-7+13,8-19,2=
U T 21087,59 [em?]

Yo.1 = 138

Photo.: Autor

Faculty of Civil Chair of Bridge, Metal and Timber Structures

7\ . -
of Technology () V\ Engineering : 5
PR ot Anniversary B | g0th Anniversary Cracow University of Technology

l AN ‘ Cracow University




W, 5 = 1S, (A + 1S, (A,)| = 642,14 [cm?] + 2 640,66 [cm?] = 3 282,80 [cm?]

W, o = 1S, (ADI+ 1S, (A)] = 2x IS, (A)] = 2x|S, (A,)] = 2 175,18 [cm?]
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Characteristic Value
A [cm?] 317,6
A, [cm?] 169,8
A, , [cm?] 136,8
J, [cm?] 51 836,840
J [cm4] 25 311,108
I, [cm] 12,78
I, [cm] 8,93
W, el top [CM?] 2 185,36
W, el, bottom [CM] 2 134,96
W, ¢ [cm?] 1 205,29
W, [cm?] 3 282,80
W, [cm?] 2 175,18
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Verification of results:

Ayt A=A OK

min (Wy, el, top ) Wy, el, bottom ) < Wy, pl OK

Wz, el < Wz, pl OK
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I-beam dwuteownik

web  $rodnik (dwuteownika)

flange podika, pas (dwuteownika)

chord pas (kratownicy)

braces skratowanie (kratownicy, czyli stupki + krzyzulce)
corrugated web falisty §rodnik

hot rolled goracowalcowany

welded spawany

cold formed zimnogigty

plate / sheet steel blacha (w zalezno$ci od kontekstu)
channel section ceownik

angle steel katownik

rope lina

sigma-beam przekrdj sigma

hollow section rura

z-bar zetownik
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