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STEEL STRUCTURES.
Worked examples according to the Spanish Code CTE

PREFACE

The main objective of the structural design is to ensure that the structure is
designed and executed in such a way that it will perform satisfactorily during the
building process and the intended lifespan, taking into account appropriate
degrees of reliability and economical optimisation.

Specifically, the designer must check that the structure is able to bear the
applied loads being rigid enough and safe.

This book introduces the design of steel structures in accordance to the
Spanish Technical Code (CTE) which describes the basis for structural design
and steel structures verification.

The following worked examples introduce the principles and requirements for
the safety and serviceability of steel structures established in the mentioned
CTE, specifically, the Basic Documents DB SE and DB SE-A.

All tables and mathematical expressions needed to follow every step of each
worked example have been included in this manual. However, it is advisable
that readers become familiar with the contents of the Basic Documents of the
Spanish code. All these documents can be downloaded from the web page:
https://www.codigotecnico.org/

This book includes teaching resources and practical examples developed over
many years of training undergraduate students of architecture.

Chapters follow a logical design order from modelling (geometry, loads and
material) structural analysis, member sizing (submitted to tension, compression,
bending moments and combined actions) and design of joints (bolted and
welded connections and column bases)

A final chapter containing some past papers has been included in order to prove
useful as a textbook in schools of architecture or structural engineering.

The authors would like to acknowledge the support of their sons and professor
L. Basset for their comments and contributions
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

STRUCTURAL STEEL

Steel is an alloy made by combining iron and other elements (carbon,
manganese, chromium, vanadium and tungsten) being carbon the most
common of these. Steel properties depend dramatically on the carbon contents
(usually around 2%, or 3% for structural steel).

MATERIAL PROPERTIES FOR HOT ROLLED STEEL

Nominal values of the yield strength f, and the ultimate tensile strength f, for hot
rolled steel have been defined in the code UNE EN 10025.The nominal values
referred in this code can be adopted as characteristic values when calculating
any part of the structure.

Table 1.1 — Nominal values of the yield strength f, and the ultimate tensile
strength f, for structural steel according to UNE EN 10025

Nominal thickness t (mm)
Yield stress Ultimate tensile Charpy test
stress temperature
DESIGNATION f, (N/mm?) f, (N/mm?) (°C)
t<16 16 <t<40 40 <t<63 3<t<100
S235JR 20
S 23540 0
S 235 J2 235 225 215 360 20
S 275 JR 20
S275J0 9
S 275 J2 275 265 255 410 20
S 355 JR 20
S 355 J0 0
S 355 J2 355 345 335 470 -20
S 355 K2 -20(1)
S 450 J0 450 430 410 550 0
" minimum energy at least 40 J

Table 1.2 — Maximum thickness for statically loaded structural elements (mm)

Minimum temperature
0°C -10°C -20°C
grade — JR Jo J2 JR Jo J2 JR Jo J2
type |
S 235 50 75 105 40 60 90 35 50 75
S 275 45 65 95 35 55 75 30 45 65
S 355 35 50 75 25 40 60 20 35 50




STEEL STRUCTURES WORKED EXAMPLES

Properties of materials or products should be represented by their characteristic
value:

* f, structural steel yield strength

» f, structural steel ultimate strength

f
Where the design value of the yield strengthis £, = [1.1]
Y
, . . , f,
and the design ultimate tensile strength is fq =7/— [1.2]
M
where

mio = 1,06 partial factor for resistance

w1 = 1,05 partial factor for instability phenomena

w2 = 1,25 partial factor for resistance of cross-sections in tension to fracture
w2 = 1,25 partial factor for resistance of bolts and welds

iz = 1,40 partial factor for slip-resistance of preloaded bolts and slotted holes

DESIGN VALUES OF STRUCTURAL STEEL COEFFICIENTS
The material coefficients to be adopted in calculations shall be taken as follows

Young’s modulus or modulus of elasticity E = 270.000 N/mm?

« Shear modulus G = 81.000 N/mm?
« Poisson ratio v =0,3

« Coefficient of linear thermal expansion « = 1,2x10° (°C)”
« Unit mass p = 7.850 kg/m®

GEOMETRICAL PROPERTIES

Thicknesses of steel plates: 4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 18, 20, 22, 25,
30, 35, 40, 45 y 50 mm (It is advisable not to use plates thinner than 6 mm)

Rolled cross sections

e |-beam (l-shaped cross-section - in Britain these include Universal Beams
(UB) and Universal Columns (UC); in Europe it includes the IPE, HE, HL, HD
and other sections; in USA it includes Wide Flange (WF) and H sections)

o Z-Shape (half a flange in opposite directions)

e HSS-Shape. Hollow structural section also known as SHS (structural hollow
section) and including square, rectangular, circular (pipe) and elliptical cross
sections.



CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

Angle (L-shaped cross-section)
Channel, or C section, ( [-shaped cross-section)
Tee (T-shaped cross-section

It is advisable not to use hollow structural sections having thickness thinner (t)
than 5 mm.

Cold formed cross sections: L, LD, U, C, Q, Z

Table 1.3 Symbols

X-X

tw
t

2

axis along the member

cross-section axis parallel to the flanges
cross-section axis perpendicular to
flanges

width of a cross-section

depth of a cross section
web thickness

flange thickness

and rq radius of root fillet
toe radius

Area of a cross section

Avy
Av,z

iz

Wel,y
Wel,z
Wiy
Wpl,z

Shear area y axis (shear parallel to axis y)
Shear area z axis (shear parallel to axis z)
Second moment of area (moment of inertia)
about y axis

Second moment of area (moment of inertia)
about z axis

St. venant torsional constant

radius of gyration about y axis

radius of gyration about z axis

elastic section modulus about y axis

elastic section modulus about z axis

plastic section modulus about y axis

plastic section modulus about z axis

Table 1.4 Design resistances

Np,rde  Design plastic resistance for axial forces

Vpiy,rd  Design plastic resistance for shear forces parallel to y axis
Vpiz,rd  Design plastic resistance for shear forces parallel to z axis
Meyrd  Design elastic resistance for bending moments about y axis
Meizra Design elastic resistance for bending moments about z axis
Moiyrd  Design plastic resistance for bending moments about y axis
Mpizrd Design plastic resistance for bending moments about z axis




STEEL STRUCTURES WORKED EXAMPLES

CLASSIFICATION OF CROSS-SECTIONS

Class 1 cross-sections are those which can form a plastic hinge with the
rotation capacity required for plastic analysis

Class 2 cross-sections are those which can develop a plastic moment
resistance but have limited rotation capacity

Class 3 cross-sections are those in which the calculated stress in the
extreme compression fibre of the steel member can reach its yield
strength, but local buckling is liable to prevent development of the plastic
moment resistance

Class 4 cross-sections are those in which it is necessary to make explicit
allowances for the effects of local buckling when determining their mo-
ment resistance or compression resistance.

The classification of cross-sections depends on the proportions of each of its
compression components. A cross-section is classified by quoting the highest
(least favourable) class of its compression elements.

The limiting proportions for class 1, 2 and 3 compression elements should be
obtained from Tables 1.5; 1.6 and 1.7. An element which fails to satisfy the
limits for class 3 should be taken as class 4.

10



CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

Table 1.5 Maximum width-thickness ratios for compression parts

Internal compression parts

GEOMETRY
1 1,5t 1,5t
L t
- - t\
Stress distribution in parts Width-thickness ratio ¢/t maximum
(compression positive)
Internal L c |
compression i A Class 1 | Class 2 Class 3
parts
Part subjectto | 7, + fy 33 38 42¢
compression
+ fy
72¢ 83¢ -

fy -
Part subject to

bending / f
+ |Ty
- - -- 124¢

fy/

+ fy
Part subject to f, 396¢ 456¢ _
compression and - 13 -1 | 13 -1
bending " a-c X
7|
a=205 + fy 42¢
v fy I/ 0,67 + 0,33y
+ By
Part subject to f _368 _41’58 -
tension and Y - o o
bending'") o-C
v < -1
<05 % |WE
Vi - - - | 621y N-y
E
™ - : . - .
y < —1 applies where either the compression stress o <y for the tensile strain ey> | . _ [535/¢
fy/E / y

11
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Table 1.6 — Maximum width-thickness ratios for compression parts

GEOMETRY

Outstand flanges

r c r [
t t
— — —
Rolled sections

c
t

I

Built-up sections

Internal
compression

Stress distri

bution in parts

(compression positive)
7

Width-thickness ratio ¢ / t maximum

parts Class 1 | Class 2 Class 3
| c |
4 7
Gt | o« o | e |
+ |fy
9¢ 10¢
Part subject to fy| - o o -
bending and
compression tip p—ac
in compression o
- - PPN
. Bl +
Part subject to 9¢ 10¢
bending and - |fy 0(17 0(17 -
compression tip
in tension J.G-—CJ,
yz-1 e
a>05

21e k5

koY k2 coefficients depend on y= tensions in extremes ratio

kg1 = 0,57 = 0,21y + 0,07y

kyr =0,578 /(0,34 +y)
kyp =17 -5y +17 1y

for 1>y >-3
for 12y 20
foro>y >-1

£= ,/235/fy




CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

Table 1.7 - Maximum width-thickness ratios for compression parts

Geometry Internal forces Width-thickness ratio d / t maximum
tubular sections Class1 Class 2 Class 3
[ Compression
Bendin d 2 d 2 d 2
d Bending and <50 S <70e <90
compression

e=.[235f,

IPE, HEA, HEB and HEM cross sections are classified into classes in Tables
1.8,1.9and 1.10

Table 1.8 - Steel S 235

Class of cross-section Maximum axial force (kN)
Type Compression Bending Bending (M) and compression
M, M, Class 1 Class 2 | Class 3
80 to 240 1 1 1 (1) 2) 2)
270 2 1 1 335 (1) 2)
300 2 1 1 371 (1) 2)
330 2 1 1 401 (1) 2)
IPE 360 2 1 1 441 (1) 2)
400 3 1 1 493 653 (1)
450 3 1 1 557 749 (1)
500 3 1 1 626 851 (1)
550 4 1 1 732 999 3144
600 4 1 1 835 1148 3558
100 to 240 1 1 1 (1) (2) (2)
260 2 2 2 (2) (1) (2)
280 2 2 2 (2) (1) (2)
HEA 300 2 2 2 (2) (1) (2)
320 to 500 1 1 1 (1) 2) (2)
550 2 1 1 1148 (1) 2)
600 2 1 1 1163 (1) (2)
HEB 100 to 600 1 1 1 (1) (2) (2)
HEM 100 to 600 1 1 1 (1) (2) (2)
(1) No top limit for the axial force
(2) This cross-section class cannot be reached

13
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Table 1.9 —-STEEL S 275

Class of cross-section

Maximum axial force (kN)

Type Compression Bending Bending (M,) and compression
My M, Class 1 Class 2 Class 3
80 to 220 1 1 1 (1) (2) )
240 2 1 1 321 (1) (2)
270 2 1 1 337 (1) (2)
300 2 1 1 370 (1) (2)
330 3 1 1 398 530 (1)
IPE 360 3 1 1 435 586 (1)
400 3 1 1 483 657 (1)
450 4 1 1 540 747 2567
500 4 1 1 600 844 2838
550 4 1 1 700 990 3258
600 4 1 1 795 1133 3681
100 1 1 1 (1) (2) (2)
120 1 1 1 (1) (2) (2)
140 1 1 1 (1) (2) (2)
160 1 1 1 (1) (2) (2)
180 2 2 2 2) (1) (2)
200 2 2 2 2) (1) (2)
220 2 2 2 (2) (1) (2)
240 2 2 2 (2) (1) (2)
260 3 3 3 (2) (2) (1)
HEA 280 3 3 3 (2) (2) (1)
300 3 3 3 (2) (2) (1)
320 2 2 2 (2) (1) (2)
340 1 1 1 (1) (2) (2)
360 1 1 1 (1) (2) (2)
400 1 1 1 (1) (2) (2)
450 1 1 1 (1) (2) (2)
500 2 1 1 1141 (1) (2)
550 2 1 1 1146 (1) (2)
600 3 1 1 1147 1544 (1)
100 to
HEB 550 1 1 1 (1) (2) @)
600 2 1 1 1968 (1) (2)
HEM | 100 to
600 1 1 1 (1) (2) @)

(1) No top limit for the axial force
(2) This cross-section class cannot be reached
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Table 1.10 — STEEL S 355

Class of cross-section Maximum axial force (kN)
Type Compression Bending Bending (M) and compression
My M, Class 1 Class 2 | Class 3
80 to 160 1 1 1 (1 ) (2)
180 2 1 1 262 (1) (2)
200 2 1 1 284 (1) (2)
220 2 1 1 298 (1) (2)
240 2 1 1 322 (1) (2)
270 3 1 1 331 447 (1)
IPE 300 4 1 1 357 491 1841
330 4 1 1 379 529 2040
360 4 1 1 409 579 2251
400 4 1 1 446 644 2489
450 4 1 1 485 721 2700
500 4 1 1 526 803 2971
550 4 1 1 609 937 3407
600 4 1 1 681 1065 3841
100 1 1 1 (1 2) (2)
120 1 1 1 (1 2) (2)
140 2 2 2 2) (1) (2)
160 2 2 2 (2) (1) (2)
180 to 340 3 3 3 2 (2) (1)
HEA 360 2 2 2 (2) (1) (2)
400 2 1 1 1145 (1) (2)
450 2 1 1 1139 (1) (2)
500 3 1 1 1128 1512 (1)
550 4 1 1 1105 1521 7235
600 4 1 1 1076 1527 6992
100 to 450 1 1 1 (1) ) (2)
500 2 1 1 2001 (1) (2)
HEB 550 2 1 [ 1 | 1986 | @ ®
600 3 1 1 1965 2605 (1)
HEM | 100 a 600 1 1 1 Q) (2) (2)

(1) No top limit for axial force
(2) This cross-section class cannot be reached

15
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Table 1.11: CLASSIFICATION of S 275 CIRCULAR HOLLOW
cross-sections in simple COMPRESSION, in BENDING with
M, and in BENDING with M,

Cross- dimensions Cross- dimensions Cross- dimensions
section | d(mm) | t(mm) | class section | d(mm) | t(mm) | class section | d(mm) | t(mm) | class
50-4 50 4 1 135-4 135 4 1 219-5 219 5 2
60-2 60 2 1 135-5 135 5 1 219-6 219 6 1
60-3 60 3 1 135-6 135 6 1 219-7 219 7 1
60-4 60 4 1 135-7 135 7 1 219-8 219 8 1
75-2 75 2 1 135-8 135 8 1 2199 219 9 1
75-3 75 3 1 150-4 150 4 1 244,5- 6 2445 6 1
75-4 75 4 1 150-5 150 5 1 244,5- 8 2445 8 1
75-5 75 5 1 150-6 150 6 1 244,510 2445 10 1
90-2 90 2 2 150-7 150 7 1 244,512 2445 12 1
90-3 90 3 1 150-8 150 8 1 244,514 2445 14 1
90-4 90 4 1 150-9 150 9 1 273- 6 273 6 2
90-5 90 5 1 155-4 155 4 1 273- 8 273 8 1
90-6 90 6 1 155-5 155 5 1 273-10 273 10 1
94-2 94 2 2 155-6 155 6 1 273-12 273 12 1
94-3 94 3 1 155-7 155 7 1 27314 273 14 1
94-4 94 4 1 155-8 155 8 1 323,9- 8 3239 8 1
94-5 94 5 1 155-9 155 9 1 323,910 323.9 10 1
94-6 94 6 1 165-4 165 4 1 323,912 323.9 12 1
100-2 100 2 2 1655 165 5 1 323,914 323.9 14 1
100-3 100 3 1 165-6 165 6 1 355,6- 8 355.6 8 2
100-4 100 4 1 165-7 165 7 1 355,610 355.6 10 1
100-5 100 5 1 165-8 165 8 1 355,6-12 355.6 12 1
100-6 100 6 1 165-9 165 9 1 355,6-14 355.6 14 1
115-2 115 2 2 175-4 175 4 2 406,4- 8 406.4 8 2
115-3 115 3 1 1755 175 5 1 406,410 406.4 10 1
115-4 115 4 1 175-6 175 6 1 406,4-12 406.4 12 1
115-5 115 5 1 175-7 175 7 1 406,4-14 406.4 14 1
115-6 115 6 1 175-8 175 8 1
115-7 115 7 1 175-9 175 9 1
125-3 125 3 1 200-5 200 5 1
125-4 125 4 1 200-6 200 6 1
125-5 125 5 1 200-7 200 7 1
125-6 125 6 1 200-8 200 8 1
125-7 125 7 1 200-9 200 9 1

16



CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

Table 1.12: CLASSIFICATION of S 275 SQUARE HOLLOW

cross-sections in simple COMPRESSION, in
BENDING with My and in BENDING with Mz

Cross- dimensions Cross- dimensions Cross- dimensions
section | d(mm) | t(mm) | class section | d(mm) | t(mm) | class section | d(mm) | (mm) | class
40-2 40 2 1 100-3 100 3 1 160-5 160 5 1
40-3 40 3 1 100-4 100 4 1 160-6 160 6 1
40-4 40 4 1 100-5 100 5 1 160-7 160 7 1
50-2 50 2 1 100-6 100 6 1 160-8 160 8 1
50-3 50 3 1 100-7 100 7 1 160-9 160 9 1
50-4 50 4 1 110-4 110 4 1 175-5 175 5 2
60-2 60 2 1 110-5 110 5 1 175-6 175 6 1
60-3 60 3 1 110-6 110 6 1 175-7 175 7 1
60-4 60 4 1 110-7 110 7 1 175-8 175 8 1
60-5 60 5 1 110-8 110 8 1 175-9 175 9 1
70-2 70 2 2 120-4 120 4 1 180-5 180 5 2
70-3 70 3 1 120-5 120 5 1 180-6 180 6 1
70-4 70 4 1 120-6 120 6 1 180-8 180 8 1
70-5 70 5 1 120-7 120 7 1 180-10 180 10 1
70-6 70 6 1 120-8 120 8 1 180-12 180 12 1
75-2 75 2 2 120-9 120 9 1 200-5 200 5 3
75-3 75 3 1 125-4 125 4 1 200-6 200 6 1
75-4 75 4 1 125-5 125 5 1 200-8 200 8 1
755 75 5 1 125-6 125 6 1 200:10 200 10 1
756 75 6 1 125-7 125 7 1 200-12 200 12 1
80-2 80 2 3 125-8 125 8 1 250-5 250 5 4
80-3 80 3 1 125-9 125 9 1 250-6 250 6 3
80-4 80 4 1 135-4 135 4 2 250-8 250 8 1
80-5 80 5 1 135-5 135 5 1 250-10 250 10 1
80-6 80 6 1 135-6 135 6 1 250-12 250 12 1
90-2 90 2 4 135-7 135 7 1 260-6 260 6 4
90-3 90 3 1 135-8 135 8 1 260-10 260 10 1
90-4 90 4 1 135-9 135 9 1 300-6 300 6 4
90-5 90 5 1 140-4 140 4 2 300-8 300 8 2
90-6 90 6 1 140-5 140 5 1 300:10 300 10 1
90-7 90 7 1 140-6 140 6 1 300-12 300 12 1
140-7 140 7 1 350-8 350 8 4
140-8 140 8 1 350-10 350 10 2
140-9 140 9 1 350-12 350 12 1

17
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Table 1.13: CLASSIFICATION of S 275
RECTANGULAR HOLLOW cross-sections
in simple COMPRESSION and in BENDING with My

18

Cross- dimensions Class in Class in Cross- dimensions E)Ian'in Class in
. b h t ben ding My comlpres- . b h t g com.pres-
section o) | my | ) sion section () () () My sion
30-50-2 30 50 2 1 1 50-100-2 50 100 2 1 4
30-50-3 30 50 3 1 1 50-100-3 50 100 3 1 1
30-50-4 30 50 4 1 1 50-100-4 50 100 4 1 1
20-60-2 20 60 2 1 1 50-100-5 50 100 5 1 1
20-60-3 20 60 3 1 1 50-100-6 50 100 6 1 1
20-60-4 20 60 4 1 1 40-110-2 40 110 2 1 4
40-60-2 40 40 2 1 1 40-110-3 40 110 3 1 2
40-60-3 40 40 3 1 1 40-110-4 40 110 4 1 1
40-60-4 40 40 4 1 1 40-110-5 40 110 5 1 1
30-70-2 30 70 2 1 2 40-110-6 40 110 6 1 1
30-70-3 30 70 3 1 1 60-100-2 60 100 2 1 4
30-70-4 30 70 4 1 1 60-100-3 60 100 3 1 1
50-70-2 50 70 2 1 2 60-100-4 60 100 4 1 1
50-70-3 50 70 3 1 1 60-100-5 60 100 5 1 1
50-70-4 50 70 4 1 1 60-100-6 60 100 6 1 1
50-70-5 50 70 5 1 1 80-100-2 80 100 2 3 4
40-80-2 40 80 2 1 3 80-100-3 80 100 3 1 1
40-80-3 40 80 3 1 1 80-100-4 80 100 4 1 1
40-80-4 40 80 4 1 1 80-100-5 80 100 5 1 1
40-80-5 40 80 5 1 1 80-100-6 80 100 6 1 1
60-80-2 60 80 2 1 3 80-100-7 80 100 7 1 1
60-80-3 60 80 3 1 1 60-120-2 60 120 2 1 4
60-80-4 60 80 4 1 1 60-120-3 60 120 3 1 3
60-80-5 60 80 5 1 1 60-120-4 60 120 4 1 1
60-80-6 60 80 6 1 1 60-120-5 60 120 5 1 1
50-90-2 50 20 2 1 4 60-120-6 60 120 6 1 1
50-90-3 50 90 3 1 1 60-120-7 60 120 7 1 1
50-90-4 50 90 4 1 1 80-120-3 80 120 3 1 3
50-90-5 50 20 5 1 1 80-120-4 80 120 4 1 1
50-90-6 50 90 6 1 1 80-120-5 80 120 5 1 1
40-100-2 40 100 2 1 4 80-120-6 80 120 6 1 1
40-100-3 40 100 3 1 1 80-120-7 80 120 7 1 1
40-100-4 40 100 4 1 1 60-140-3 60 140 3 1 4
40-100-5 40 100 5 1 1 60-140-4 60 140 4 1 2
40-100-6 40 100 6 1 1 60-140-5 60 140 5 1 1
50-90-2 50 90 2 1 4 60-140-6 60 140 6 1 1
50-90-3 50 90 3 1 1 60-140-7 60 140 7 1 1
50-90-4 50 90 4 1 1 50-150-3 50 150 3 1 4
60-90-2 60 90 2 1 4 50-150-4 50 150 4 1 2
60-90-3 60 90 3 1 1 50-150-5 50 150 5 1 1
60-90-4 60 90 4 1 1 50-150-6 50 150 6 1 1
60-90-5 60 90 5 1 1 50-150-7 50 150 7 1 1
60-90-6 60 90 6 1 1 continued




CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

Table 1.13: CLASSIFICATION of S 275
RECTANGULAR HOLLOW cross-sectio

ns

in simple COMPRESSION and in BENDING with My

(continued)

Cross- dimensions E:las?_ in Class in Cross- dimensions E)Iass'in Class in
section b h t ¥ o section b h t o B
(mm) (mm) (mm) My pression (mm) (mm) (mm) My sion
100-120-4 100 120 4 1 1 70-170-4 70 170 4 1 4
100-120-5 100 120 5 1 1 70-170-5 70 170 5 1 2
100-120-6 100 120 6 1 1 70-170-6 70 170 6 1 1
100-120-7 100 120 7 1 1 70-170-7 70 170 7 1 1
100-120-8 100 120 8 1 1 70-170-8 70 170 8 1 1
80-140-4 80 140 4 1 2 70-170-9 70 170 9 1 1
80-140-5 80 140 5 1 1 100-150-4 100 150 4 1 2
80-140-6 80 140 6 1 1 100-150-5 100 150 5 1 1
80-140-7 80 140 7 1 1 100-150-6 100 150 6 1 1
80-140-8 80 140 8 1 1 100-150-7 100 150 7 1 1
70-150-4 70 150 4 1 2 100-150-8 100 150 8 1 1
70-150-5 70 150 5 1 1 100-150-9 100 150 9 1 1
70-150-6 70 150 6 1 1 90-160-4 90 160 4 1 3
70-150-7 70 150 7 1 1 90:160-5 90 160 5 1 1
70-150-8 70 150 8 1 1 90-160-6 90 160 6 1 1
60-160-4 60 160 4 1 3 90-160-7 90 160 7 1 1
60-160-5 60 160 5 1 1 90-160-8 90 160 8 1 1
60-160-6 60 160 6 1 1 90-160-9 90 160 9 1 1
60-160-7 60 160 7 1 1 80-170-4 80 170 4 1 4
60-160-8 60 160 8 1 1 80-170-5 80 170 5 1 2
100-140-4 100 140 4 1 2 80-170-6 80 170 6 1 1
100-140-5 100 140 5 1 1 80-170-7 80 170 7 1 1
100-140-6 100 140 6 1 1 80-170-8 80 170 8 1 1
100-140-7 100 140 7 1 1 80-170-9 80 170 9 1 1
100-140-8 100 140 8 1 1 70-180-4 70 180 4 1 4
100-140-9 100 140 9 1 1 70-180-5 70 180 5 1 2
90-150-4 90 150 4 1 2 70-180-6 70 180 6 1 1
90-150-5 90 150 5 1 1 70-180-7 70 180 7 1 1
90-150-6 90 150 6 1 1 70-180-8 70 180 8 1 1
90-150-7 90 150 7 1 1 70-180-9 70 180 9 1 1
90-150-8 90 150 8 1 1 120-150-4 120 150 4 1 2
90-150-9 90 150 9 1 1 120-150-5 120 150 5 1 1
80-160-4 80 160 4 1 3 120-150-6 120 150 6 1 1
80-160-5 80 160 5 1 1 120-150-7 120 150 7 1 1
80-160-6 80 160 6 1 1 120-150-8 120 150 8 1 1
80-160-7 80 160 7 1 1 120-150-9 120 150 9 1 1
80-160-8 80 160 8 1 1 100-170-4 100 170 4 1 4
80-160-9 80 160 9 1 1 100-170-5 100 170 5 1 2
100-170-6 100 170 6 1 1
100-170-7 100 170 7 1 1
100-170-8 100 170 8 1 1
100-170-9 100 170 9 1 1
continued
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STEEL STRUCTURES WORKED EXAMPLES

TABLE 1.13: CLASSIFICATION of S 275

RECTANGULAR HOLLOW cross-sections
in simple COMPRESSION and in BENDING with My
(continued)

20

Cross- dimensions Class in Class in Cross- dimensions Class in Class in
section b h t periing o section b h t pent | compres:
(mm) (mm) (mm) My pression (mm) (mm) (mm) ing My sion
90-180-4 90 180 4 1 4 150-200-5 150 200 5 1 3
90-180-5 90 180 5 1 2 150-200-6 150 200 6 1 1
90-180-6 90 180 6 1 1 150-200-7 150 200 7 1 1
90-180-7 90 180 7 1 1 150-200-8 150 200 8 1 1
90-180-8 90 180 8 1 1 150-200-9 150 200 9 1 1
90-180-9 90 180 9 1 1 100-250-5 100 250 5 1 4
70-200-4 70 200 4 1 4 100-250-6 100 250 6 1 3
70-200-5 70 200 5 1 3 100-250-7 100 250 7 1 2
70-200-6 70 200 6 1 1 100-250-8 100 250 8 1 1
70-200-7 70 200 7 1 1 100-250-9 100 250 9 1 1
70-200-8 70 200 8 1 1 150-250- 5 150 250 5 1 4
70-200-9 70 200 9 1 1 150-250- 6 150 250 6 1 3
120-160-4 120 160 4 1 3 150-250- 8 150 250 8 1 1
120-160-5 120 160 5 1 1 150-250-10 150 250 10 1 1
120-160-6 120 160 6 1 1 150-250-12 150 250 12 1 1
120-160-7 120 160 7 1 1 100-300- 5 100 300 5 1 4
120-160-8 120 160 8 1 1 100-300- 6 100 300 6 1 4
120-160-9 120 160 9 1 1 100-300- 8 100 300 8 1 2
100-180-4 100 180 4 1 4 100-300-10 100 300 10 1 1
100-180-5 100 180 5 1 2 200-300- 6 200 300 6 1 4
100-180-6 100 180 6 1 1 200-300- 8 200 300 8 1 2
100-180-7 100 180 7 1 1 200-300-10 200 300 10 1 1
100-180-8 100 180 8 1 1 200-300-12 200 300 12 1 1
100-180-9 100 180 9 1 1 200-400- 8 200 400 8 1 4
80-200-4 80 200 4 1 4 200-400-10 200 400 10 1 3
80-200-5 80 200 5 1 3 200-400-12 200 400 12 1 1
80-200-6 80 200 6 1 1 200-400-14 200 400 14 1 1
80-200-7 80 200 7 1 1 300-400- 8 300 400 8 2 4
80-200-8 80 200 8 1 1 300-400-10 300 400 10 1 3
80-200-9 80 200 9 1 1 300-400-12 300 400 12 1 1
140-180-5 140 180 5 1 2 300-400-14 300 400 14 1 1
140-180-6 140 180 6 1 1 300-500- 8 300 500 8 2 4
140-180-7 140 180 7 1 1 300-500-10 300 500 10 1 4
140-180-8 140 180 8 1 1 300-500-12 300 500 12 1 3
140-180-9 140 180 9 1 1 300-500-14 300 500 14 1 2
120-200-5 120 200 5 1 3
120-200-6 120 200 6 1 1
120-200-7 120 200 7 1 1
120-200-8 120 200 8 1 1
120-200-9 120 200 9 1 1




CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

GEOMETRICAL PROPERTIES OF HOT ROLLED CROSS SECTIONS

IPE

CROSS SECTIONS
h
Dimensions painting surface | Half cross-section
W b [t [ & [r ] s | m | Scunimess | z Iy
IPE mm | mm | mm | mm |mm | mm | kgm [mZm ]| myT | mm mm* (x10°%)
80 80 46 3,8 5,2 5 20,1 6,010,328 548] 304 0,048
100 100 55 4.1 5,7 7 23,7 8,110,400 | 49,5] 38,2 0,101
120 120 64 4.4 6,3 7 25,2 10,410,475| 456 | 461 0,189
140 140 73 4,7 6,9 7 26,7 12,910,551 426] 53,9 0,322
160 160 82 5,0 7,4 9 30,3 15,810,623 394 ] 69,6 0,532
180 180 91 5,3 8,0 9 31,8 18,810,698 | 37,1 69,6 0,807
200 200 | 100 | 5,6 8,5 12 | 36,7 22410,768 | 34,3 77,1 1,20
220 220 | 110 | 5,9 9,2 12 | 38,4 26,210,848 | 32,4) 85,6 1,60
240 240 | 120 | 6,2 9,8 15 [ 434 30,710,922 | 30,0] 93,6 2,32
270 270 | 135 | 6,6 [10,2 | 15 | 44,6 36,1] 1,04 | 28,8] 105 2,43
300 300 | 150 | 71 10,7 | 15 | 46,1 4221 1,16 | 275] 116 5,14
330 330 |160 | 7,5 [115 | 18 | 51,6 49,11 1,25 [ 255] 128 7,21
360 360 | 170 | 8,0 [12,7 | 18 | 50,5 57,11 1,35 | 23,6 140 9,79
400 400 (180 | 86 [13,5 | 21 60,4 66,3| 1,47 | 22,2 154 14,4
450 450 | 190 [ 94 146 | 21 63,2 7761 1,61 | 20,7] 172 22,2 §
500 500 | 200 | 10,2 | 16,0 | 21 66,8 90,7 1,74 | 19,2] 189 32,4 £
550 550 | 210 |11,1 [17,2 | 24 | 73,6 106 | 1,88 | 17,7 207 47,2 5
600 600 | 220 |12,0 |19,0 | 24 | 78,1 122 | 2,02 | 166 | 225 65,5 ©
3 Geometric properties
g A IT Iy Wel,§ Wpl,g iy Av,y Iz Wel,z Wpl,z iz Av,z
El mm® | mm* | mm* | mm mm® | mm |mm? | mm* | mm® | mm® | mm | mm® IPE
8 (x104) | (x10% | (x10°) | (x10%) (x109 | (x10% | (x10°)
764 0,70 0,80 20,0 23,2 32,4| 357 0,085 3,69] 5,80] 10,5 | 478 80
1030 1,200 1,71 34,2 39,4 40,7| 506 0,159 5,79] 9,20| 12,4 | 627 100
1320 1,74] 3,18 53,0 60,8 49,0| 630 0,277 8,65 13,6 14,5 | 806 120
1640 2,45] 5,41 77,3 88,4 57,4| 762 0,449 12,3| 192]16,5| 1010] 140
2010 3,60 8,69 109 124 | 65,8| 967 0,683 16,7 26,1] 18,4 | 1210] 160
2390 4,791 13,2 146 166 | 74,2]11120 1,01 22,2| 34,6|205]|1460] 180
2850 6,98] 194 194 220 | 82,6] 1400 1,42 285 44,7224 ]11700] 200
3340 9,07 27,7 252 286 | 91,11 1590 2,05 37,3| 58,0]24,8|2020| 220
3910 | 12,88] 38,9 324 366 | 99,7(1910| 2,84 | 47,3| 74,0|26,9|2350| 240
4590 15,94] 57,9 429 484 | 112 12210 4,20 62,2 97,0 30,2 |2750] 270
5380 | 20,12] 83,6 557 628 | 125 (2570 | 6,04 80,5 125 | 33,5]|3210| 300
6260 28,15] 118 713 804 | 137 | 3080 7,88 98,5 154 | 355 |3680] 330
7270 | 37,32] 163 904 | 1020 [ 150 |3510] 10,4 123 191 | 37,9 [ 4320] 360
8450 51,08] 231 1160 | 1310 [ 165 [4270 | 13,2 146 229 [39,5]|4860] 400
9880 | 66,87] 337 1500 | 1700 | 185 |5080 | 16,8 176 275 [ 41,2 | 5550 | 450
11600 | 89,29] 482 1930 | 2200 [ 204 (6040 | 21,4 214 336 [43,1|6400] 500
13400 | 123,2] 671 2440 | 2780 | 223 (7190 | 26,7 254 401 | 44,5 | 7224 | 550
15600 | 165,4] 921 3070 | 3520 | 243 18380 | 33,9 308 486 | 46,6 | 8360 ] 600
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STEEL STRUCTURES WORKED EXAMPLES

IPN

CROSS SECTIONS
Dimensions painting surface | Half cross section
h [ b [t & [ [ s | M | Gndunimess | 20 Iy
IPN | mm [mm [ mm | mm [ mm | mm Kg/m [m2m [ m?m| mm | mm* (x10°)
80 80 42 39 | 59 | 23| 21,7 59410,304| 51,2] 30,1 0,045
100 100 [ 50 | 45 | 6,8 | 2,7 | 251 8,3410,370 | 444] 37,5 0,107
120 120 [ 58 5,1 77 | 31| 285 11,1 J0,439| 39,5| 44,8 0,215
140 140 [ 66 57 | 86 | 34 | 31,9 14,3 ]0,502| 351]| 52,4 0,361
160 160 | 74 6,3 [ 95| 38| 353|] 179 10,575| 32,1 | 59,6 0,618
180 180 [ 82 69 | 104 | 41 | 38,8] 21,9 ]0,640| 29,2 67,0 0,996
200 200 [ 90 75 [113] 45 | 422] 26,2 10,709 | 27,0| 74,9 1,34
220 220 | 98 8,1 | 122 | 49 | 456]| 31,1 ]0,775| 249 82,0 2,01
240 240 | 106 | 8,7 [ 13,1 ] 52 | 49,0] 36,2 10,844 23,3| 89,3 2,83
260 260 | 113 | 94 | 141 ]| 56 | 528] 41,9 |0,906| 21,6 ] 96,4 3,91
280 280 | 119 | 10,1 [ 152 | 6,1 | 56,6 47,9 10,966 | 20,1 | 103 3,21
300 300 | 125 [ 10,8 | 16,2 | 6,5 | 60,3] 54,2 | 1,03 | 19,0] 110 6,92
320 320 [ 131 | 115 (173 6,9 | 64,1] 61,0 ] 1,09 | 17,9 117 8,79
340 340 | 137 [ 12,2183 | 7,3 | 67,8] 680 | 1,15 | 16,9 124 11,2
360 360 [ 143 | 13,0 (195 7,8 | 72,0] 76,1 | 1,21 | 159] 131 141
380 380 | 149 [ 13,7 | 205 | 82 | 75,7| 84,0 | 1,27 | 151 ] 138 17,4
400 400 [ 155 | 1441216 | 86 | 80,0] 924 | 1,33 | 144 | 145 21,6
450 450 [ 170 | 16,2 1 24,3 | 9,7 | 89,2] 115 1,48 | 129 163 33,3 §
500 500 | 185 | 18,0 | 27,0 | 10,8 | 98,8 141 163 | 11,5] 181 50,5 £
550 550 | 200 | 19,0 | 30,0 | 11,9 | 108 166 1,79 | 10,8 ] 200 71,9 5
600 600 | 215 [ 216 | 32,4 | 13,0 | 118 199 1,93 9,7 215 108 ©
Geometric properties
A 2 IT 4 Iy 4 Wel,g Wpl,g iy Av,y2 Iz 4 Wel,z Wpl,z iz Av,22
mm mm mm mm mm mm | mm mm mm mm> | mm | mm IPN
(x109] (x10° | (x10°) | (x10°) (x10%) | (x10%)] (x10°)
757 0,87 0,78/ 19,5 22,8 32,0f 330 0,063 3,0 50 9,1 [ 496 80
1060 1,60 1,71 34,2 39,8| 40,1| 472 0,122 4,9 8,11 10,7 | 680 100
1420 2,71 3,28 54,7 63,6/ 48,1| 645 0,215 74 12,4112,3 | 893 120
1820 4,32 573 81,9 95,4| 56,1 832 0,352 10,7| 17,9] 14,0 | 1140 140
2280 6,57 9,35 117 136 [ 64,0] 1050 0,547 14,8| 24,8] 15,5 | 1410 160
2790 9,58 14,5 161 187 | 72,0] 1300 0,813 19,8| 33,3|17,1| 1710 180
3340 13,5 21,4 214 250 | 80,0 1560 1,17 | 26,0] 43,6 18,7 | 2030 200
3950 18,6 30,6 278 324 | 88,0| 1860 1,62 | 33,1 55,7]20,2| 2390 220
4610 25,0 42,5 354 412 | 95,9( 2170 221 41,7] 70,0]22,0| 2780 240
5330 33,5 57,4 442 514 | 104 | 2540 2,88 51,01 85,9(23,2]| 3190 260
6100 44,2 75,9 542 632 | 111 [ 2940 3,64 61,2] 103 | 24,5 | 3620 280
6900 56,8 98,0 653 762 | 119 | 3370 4,51 72,2| 122 | 25,6 | 4050 300
7770 72,5 125 782 914 | 127 | 3830 555 84,7| 143 | 26,7 | 4530 320
8670 90,4 157 923 | 1080 | 135 | 4330 6,74 98,4| 166 | 28,0 | 5010 340
9700 115 196 | 1090 | 1280 | 142 | 5430 8,18 | 114 | 194 [ 29,0 | 5580 360
10700 | 141 240 | 1260 | 1480 | 150 [ 6050 9,75 131 | 222 ]30,2| 6110 380
11800 ] 170 292 | 1460 | 1710 | 157 | 6040 116 | 149 | 254 | 31,3 | 6700 400
Q14700 | 267 458 | 2040 | 2400 | 177 | 7620 17,3 | 203 | 345 | 34,3 | 8260 450
E 17900 | 402 687 | 2750 | 3240 | 196 | 9370 248 | 268 [ 456 | 37,2 [ 9990 500
% 21200 | 544 992 | 3610 | 4240 | 216 |[10900 | 34,9 | 349 | 560 [ 40,2 [ 12000 550
125400 | 787 1390 | 4630 | 5600 | 234 (13600 | 46,7 | 434 | 670 | 43,0 [ 13900] 600
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

HEA

CROSS SECTIONS hs
h
[
Dimensions P;;f:tlijnn%fl::;&e Half cross
and unit mass section
h b [ t; r Ss Z4 Iy1
HE A mm |mm [mm |mm [mm | mm M , , mm mm:
Kg/m | m“/m | m*/T (x10°)
100 96| 100| 5,0 8,0 12| 351] 16,710,561 | 33,6 39,2 0,116
120 | 114 120 50| 8,0 12| 351] 19,910,677 | 34,0 47,2 0,212
140 | 133 | 140| 55| 85 12| 36,6 24,710,794 | 32,1| 55,2 0,381
160 | 152 | 160| 6,0] 9,0 15| 41,6] 30,410,906 | 29,8] 63,4 0,567
180 | 171] 180| 6,0] 9,5 15| 42,6 35,5]1,02 28,71 71,5 0,971
200 | 190 200| 6,5 10,0 18| 47,6 42,311,14 | 26,9 79,9 1,29
220 | 210 220| 7,0( 11,0 18| 50,5] 50,5]1,26 | 249] 88,3 1,98
240 | 230] 240| 7,5[12,0 21| 56,1] 60,3]11,37 | 22,7] 96,9 2,76
260 | 250 260| 7,5(12,5 24| 60,6 68,2]11,48 | 21,7] 106 3,51
280 | 270 280| 8,0 13,0 24| 62,1] 76,4]160 | 21,0] 114 5,14
300 | 290 300| 8,5( 14,0 27| 68,1 88,3]11,72 19,51 123 6,21
320 | 310 300| 9,0 15,5 27| 71,6 976]1,76 18,0 ] 131 7,90
340 | 330 300| 9,5( 16,5 27| 74,1| 105 1,79 17,11 139 9,50
360 | 350 300] 10,0 17,5 27| 76,6 | 112 1,83 16,4 | 146 13,3
400 | 390 300] 11,0 19,0 27| 79,6 125 1,91 15,31 161 19,3
450 | 440 300]| 11,5 21,0 27 | 85,1 140 |2,01 1441 181 27,0 §
500 | 490 | 300 12,0] 23,0 27| 89,6 155 2,11 13,6 ] 200 39,9 =
550 | 540 | 300 12,5] 24,0 27| 92,11 166 |2,21 13,3 ] 218 56,4 S
600 | 590 300 ] 13,0 | 25,0 27| 946|178 12,31 13,0 ] 237 71,3 ©
Geometric properties
A IT Iy Wel,g wpl,y iy Av,y Iz Wel,z Wpl,z iz Av,z
mm?*| mm* mm® | mm’ | mm3| mm | mm* | mm* | mm® | mm® | mm | mm? HE A
(x10Y) | (x10% | (x10%) | (x10%) (x10% | (x10%)] (x10°)
2120 4,83 3,49 73| 83 40,6 752 1,34| 26,8| 41,2] 25,1 | 1600 100
2530 5,81 6,06 106| 119 | 48,9] 842 2,31 38,5 58,9| 30,2 [ 1920 120
3140 8,22 10,3 155 173 | 57,3]11010 3,89 55,6 84,7| 35,2 [ 2380 140
3880 11,30] 16,7 220 | 246 | 65,7(1320 6,16| 76,9]|118 | 39,8 | 2880 160
4530 14,70) 251 294 | 324 | 74,5|1450 9,25/ 103 [ 157 | 45,2 | 3420 180
53801 19,201 36,9 389| 430 | 82,8[1810| 13,4 | 134 |[204 | 49,8 | 4000 200
6430 | 28,00 54,1 515| 568 [ 91,7(2060 | 19,5 | 178 [271 | 55,1 | 4840 220
7680 | 39,40 77,6 675| 744 | 101 [2510| 27,7 [ 231 [352 | 60,0 | 5760 240
8680 | 47,80] 104,5 836 920 [ 110 (2870 ] 36,7 | 282 [430 | 65,0 6500 260
9730 ] 58,30 136,7 | 1010 1110|119 |3180| 47,6 | 340 | 518 | 70,0 [ 7280 280
11300 | 77,70] 182,6 | 1260| 1380 127 (3780 ] 63,1 | 421 642 | 74,9 | 8400 300
12400 | 105 229,3 | 1480( 1630| 136 |4080 | 69,9 | 466 |[710 | 74,9 | 9300 320
13300 | 127 276,9 | 1680 1850 | 144 4450 ] 74,4 [ 496 |756 | 74,6 | 9900 340
14300 | 152 330,9 | 1890 2080 | 152 4920 | 78,9 | 526 | 803 | 74,3 [10500 360
15900 | 197 450,7 | 2310 2560 | 168 |5740 ] 85,6 | 571 873 | 73,4 111400 400
§ 17800 | 265 637,2 | 2900 3220 | 189 |6580 | 94,7 | 631 966 | 72,9 [12600 450
£119800 | 347 869,7 | 3550| 3940 | 210 |7520 |104 691 |1060 | 72,4 {13800 500
5121200 | 398 1119 4150 | 4620 | 230 [8400 |108 721 (1110 | 71,5 (14400 550
©122600 | 454 1412 4790 | 5360 | 250 [9280 |113 751 (1160 | 70,5 (15000 600
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STEEL STRUCTURES WORKED EXAMPLES

HEB %
CROSS SECTIONS h
Dimensions P:;fr‘tli;gﬁg:s&e Half cross section
h b ty t r Ss M and unit mass z; Iy
HEB | |mm |mm | mm | mm | mm Kg/m 5 mm | mm*(10°)
m/m | m*/T

100 100 | 100 6 10 12 40,1] 20,410,567 | 27,8 401 0,162

120 120 [ 120 | 6,56 | 11 12 42,6 26,7 10,686| 25,7 | 48,6 0,307

140 140 | 140 7 12 12 45,11 33,7]0,805] 239 572 0,508

160 160 | 160 8 13 15 51,6 42,6 10918 | 21,5] 65,2 0,921

180 180 | 180 | 8,5 | 14 15 54,11 51,21 1,04 | 20,3] 73,8 1,36

200 200 | 200 9 15 18 60,1] 61,3 ] 1,15 | 188 | 822 2,09

220 220 | 220 9,5 | 16 18 626 7151127 | 17,8 91,0 2,79

240 240 | 240 [ 10 17 21 686] 832 138 | 166 994 3,89

260 260 | 260 [ 10 [17,6 | 24 73,1] 93,0 1,50 | 16,1 | 108 5,19
280 280 | 280 [ 10,5 [ 18 24 74,6] 103 | 1,62 | 157 | 117 6,81
300 300 | 300 [ 11 19 27 80,6 117 1 1,73 | 148 125 8,81
320 320 | 300 [ 11,5205 | 27 84,1 127 | 1,77 | 139 133 1.1
340 340 | 300 [ 12 [2156| 27 86,6 134 ] 1,81 | 13,5] 140 13,7
360 360 | 300 [ 12,6 [ 22,6 | 27 89,1] 142 1 1,85 | 13,0 148 16,8

400 400 [ 300 | 13,5 | 24 27 93,1] 155 ] 1,93 | 12,4 | 164 24,2

450 450 [ 300 | 14 26 27 98,0 171 1 2,03 | 11,9 183 35,8

500 500 | 300 [ 145 [ 28 27 102 | 187 1 2,12 | 11,3 | 202 49,9

550 550 | 300 [ 15 29 27 106 | 199 1 2,22 | 11,2 220 68,1

continued

600 600 | 300 [ 15,5 [ 30 27 107 | 212 1 2,32 | 11,0 ] 238 90,9

Geometric propertie
Wel, 5 Wpl, y ’ y A v,y Iz Wel,z Wpl,z iz A v,z

mm® | mm* | mm* | mm’ | mm3| mm | mm® | mm* | mm® | mm® | mm | mm? HEB
(x10) | (x10° | (x10%)| (x10°) (x10°) |(x10%) | (x10°)

(2]

2600 9,34 4,52 90 | 104 | 41,6 900 1,67 33 51 125,32000 100

3400 14,90 8,64| 144 | 165 | 50,4| 1100 3,18| 53 81 |30,6 2640 120

4300 22,50 15,1 216 | 246 | 59,3] 1310 5,50 79 120 [ 35,8 | 3360 140

5430 33,20 249)| 311 | 354 | 67,8] 1760 8,89| 111 170 [40,5]4160 160

6530 46,50] 38,3 | 426 482 | 76,6] 2030 13,6 | 151 231 | 45,7 | 5040 180

7810 63,401 57,0 570 | 642 | 85,4 2490 20,0 [ 200 306 | 50,7 [ 6000 200

9100 84,401 80,9 736 | 828 | 94,3 2790 28,4 | 258 394 | 55,9 (7040 220

10600 110 113 938 | 1050 | 103 [ 3320 39,2 | 327 499 [60,8 8160 240

11800 130 149 | 1150 | 1280 | 112 | 3720 | 51,3 [ 395 603 [ 65,8 9100 260

13100 153 193 | 1380 [ 1530 | 121 | 4070 65,9 | 471 718 | 70,9 [10100 280

14900 192 252 | 1680 [ 1870 | 130 | 4740 85,6 [ 571 871 | 75,8 [11400 300

16100 241 308 [ 1930 | 2140 | 138 [ 5140 92,4 | 616 940 | 75,7 {12300 320

17100 278 367 [ 2160 | 2400 | 146 | 5620 96,9 | 646 986 | 75,3 [12900 340

18100 320 432 | 2400 [ 2680 | 155 | 6100 | 101 | 676 [ 1030 [ 74,9 |13500 360

19800 394 577 | 2880 | 3240) 171 | 7020 | 108 | 721 1100 | 74,0 {14400 400

21800 | 500 799 | 3550|3980 191 ] 7970 | 117 | 781 1200 | 73,3 (15600 450

23900 625 1072 | 4290 [ 4820 212 ] 9020 | 126 | 842 [ 1290 [ 72,7 116800 500

25400 701 1367 | 4970 [ 5600 [ 232 | 10000 | 131 | 872 [ 1340 [ 71,7 |17400 550

continued

27000 783 1710 | 5700 | 6420 252 | 11100 ] 135 | 902 | 1390 | 70,8 |18000 600
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

b
| S, | 45° ]
| ‘ |
r 11
HEM [,
h A Jy
CROSS SECTIONS t, z!
Dimensions painting surface | Half cross section
h b [t | & [r s | M| oo [z »
HEM/| ™™ [mm | mm | mm {mm | mm Kg/m mm | mm* (x10%)
m*m | m*”T
100 120 | 106 12 20 12 | 66,1] 41,810,610 | 148 | 444 0,456
120 140 [ 126 | 12,5| 21 12 | 686] 52,1]0,738 | 14,2 52,7 0,879
140 160 | 146 13 22 12 | 73,1] 63,2]0,857 | 13,6 61,3 1,31
160 180 | 166 14 23 15 | 776 76,2 0,970 | 12,7 69,4 2,12
180 200 [ 186 | 14,5| 24 15 | 80,1] 88,9] 1,09 | 12,3 78,2 2,85
200 220 | 206 15 25 18 | 86,11 103 | 1,20 | 11,7 86,7 3,96
220 240 [ 226 | 155| 26 18 | 886 117 | 1,32 | 11,3 95,3 5,34
240 270 | 248 18 32 | 21 107 | 157 | 1,46 | 9,30 ] 106 9,09
260 290 | 268 18 | 325| 24 | 111 172 11,57 | 9,13 ] 115 11,1
280 310 | 288 | 185 33 | 24 | 113 | 189 | 1,69 | 8,94 ] 123 16,2
300 340 | 310 21 39 | 27 | 131 238 | 1,83 | 7,70 135 19,9
320 359 | 309 21 40 [ 27 | 133 | 245 11,87 | 7,63 | 142 26,1
340 377 | 309 21 40 | 27 | 133 | 248 11,90 | 7,67 ] 149 31,1
360 395 | 308 21 40 [ 27 | 133 | 250 1,93 | 7,77 | 156 36,2
400 432 | 307 21 40 | 27 | 133 | 256 | 2,00 [ 7,81] 171 43,9
450 478 | 307 21 40 [ 27 | 133 | 263 | 2,10 | 7,97 | 189 59,2 3
500 524 | 306 21 40 [ 27 | 133 | 270 ] 2,18 | 8,07 | 206 79,6 E
550 572 | 306 21 40 [ 27 | 133 | 278 ] 2,28 | 8,20 | 224 102 %
600 620 [ 305 21 40 [ 27 | 133 | 285 | 2,37 | 8,32 ] 241 130 ©
Geometric properties
A 5 IT 4 Iy 4 Wel,g Wpl,y iy Av,y Iz Wel,z Wpl,z iz Av,z
mm mm mm mm’ | mm3| mm | mm* | mm*| mm’ mm®| mm | mm? HEM
(x10% ] (x10° | (x10%) | (x10°) (x10%| (x10°) | (x10°)
5320 78,91 11,4 190 | 236 | 46,3[ 1800 40 75 116] 27,4 | 4240 100
6640 109 20,2] 288 | 350 | 55,1] 2110 7,01 112 171] 32,5 | 5292 120
8060 145 32,9 411 ] 494 | 63,9 2450 | 11,4] 157 240 37,7 [ 6720 140
9710 190 51,0/ 566 | 674 | 72,5( 3090 | 17,6] 212 324 42,6 | 7640 160
11300 241 74,8| 748 | 884 | 81,3 3440 | 25,8] 277 424 47,7 [ 8930 180
13100 301 106 [ 967 | 1136 90,0 4080 | 36,5 354 541 52,7 (10300 200
14900 372 146 | 1220 | 1420 | 98,9( 4490 | 50,1| 444 677| 57,9 |11800 220
20000 751 243 | 1800 [ 2120| 110 | 6050 | 81,5| 657 1000| 63,9 |15400 240
22000 848 313 | 2160 [ 2520 | 119 | 6730 | 105 | 780 1190| 69,0 |17420 260
24000 957 396 | 2550 [ 2960 | 128 | 7190 | 132 | 914 1390| 74,0 119010 280
30300 ] 1690 592 | 3480 [ 4080 | 140 | 9050 | 194 | 1250 | 1910( 80,0 (24200 300
31200 | 1810 681 | 3800 [ 4440 | 148 | 9480 | 197 | 1280 | 1940( 79,5 (24700 320
31600 | 1820 764 | 4050 [ 4720 | 156 | 9880 | 197 | 1280 | 1950( 79,0 (24700 340
31900 | 1820 849 | 4300 [ 4980 | 163 | 10300 ] 195 | 1270 | 1940( 78,3 (24600 360
32600 ] 1830 ] 1040 | 4820 | 5580 | 179 |11000 ] 193 | 1260 | 1930( 77,0 (24600 400
3133500 | 1850 | 1320 [ 5500 | 6340 198 [11900 | 193 [ 1260 | 1930]| 75,9 [24600 450
E 34400 ] 1860 | 1620 | 6180 [ 7100 | 217 |12900 | 192 | 1250 | 1930( 74,6 (24500 500
% 35400 ] 1880 ] 1980 | 6920 | 7940 | 236 | 13900 | 192 | 1250 | 1930( 73,5 (24500 550
“136400 | 1890 | 2370 | 7660 | 8780 | 256 [ 15000 | 190 | 1240 | 1930| 72,2 |24400 600
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STEEL STRUCTURES WORKED EXAMPLES

UPN

h,
CROSS SECTIONS
h
{ G: Gravity centre
! tf M: Shear centre
—
b/
Dimensions painting surface Half section
h b tw [t=r | s Ss M zﬁzjuunr:titlz]gst: z; 5y1
UPN mm | mm | mm | mm | mm | mm | Kgm | m¥m | m¥7 | mm [ mm (10%
80 80 45 6 8 4 | 194 8,640,312 36,1| 28,9 0,071
100 100 | 50 6 85| 45| 20,4] 10,6 ]0,372| 351 ] 36,3 0,141
120 120 | 55 7 9 45] 22,2| 134 ]10,434| 324 | 427 0,270
140 140 | 60 7 10 5 [ 23,9] 16,0 0,489 30,6 ] 50,4 0,434
160 160 | 65 751105 | 55| 253] 18,8 |0,546 | 29,0] 57,3 0,685
180 180 | 70 8 11 55| 26,8] 22,0 10,611| 27,8] 64,0 1,02
200 200 | 75 8,5 | 11,5 6 | 28,2] 25,3 |0,661| 26,1] 70,8 1,48
220 220 | 80 9 [125] 65 30,3] 294 |0,718[ 244 ] 78,1 2,04
240 240 | 85 95| 13 6,5| 31,8] 33,2 |0,775| 23,3] 84,6 2,86
260 260 | 90 10 14 7 [ 339] 37,9 ]0834( 220] 915 3,88
280 280 | 95 10 15 75| 356] 41,8 10,890 21,3] 99,8 4,86
300 300 | 100 | 10 16 8 | 37,3] 46,2 0,950 20,6 | 107 6,49
320 320 | 100 | 14 | 175 [17,5] 42,7] 59,2 10,982 | 16,5] 109 932 |3
350 350 | 100 | 14 16 8 | 40,4] 606 | 1,05 [ 17,3] 119 947 | 2
380 380 | 102 | 135 | 16 8 [ 40,0] 63,1 | 1,11 [ 17,7] 126 15,0 %
400 400 | 110 | 14 18 9 [ 43,7] 71,8 | 1,18 [ 16,5] 136 17,1 ©
3 Geometric properties
g A .V s .V m I y Wel, Wpl, ’ y Av, Y. Iz Wel,z Wpl,z ’ z Av,z
E| mm® | mm| mm| mm* mm® | mm | mm | mm? | mm® | mm? | mm | mm | mnr?
8 (x10% | (x10°) | (x10%) (x10° | (x10°)| (x10°) UPN
1100 | 14,2] 26,5 1,06 26,5 31,8 31,01 492 | 0,194| 6,36] 16,6/ 13,3 | 720 80
1350 | 15,5| 29,3] 2,06 41,2 49,0/ 39,1] 623 | 0,293] 8,49| 22,3| 14,7 [ 850 100
1700 | 16,0] 30,3] 3,64 60,7 72,6 46,21 854 | 0,432 11,1| 30,2 15,9 | 990 120
2040 | 17,5] 33,7] 6,05 86,4 103 54,5/1010 | 0,627 14,8| 40,0 17,5 | 1200 140
2400 | 18,4] 35,6] 9,25| 116 138 62,111220 ] 0,853 18,3| 50,2| 18,9 | 1370 160
2800 | 19,2| 37,5] 13,5| 150 179 69,5 1470 1,14 224 | 62,4|20,2 | 1540 180
3220 | 20,1 39,4] 19,1 | 191 228 77,0(1720 1,48 | 27,0| 72,6/21,4|1730 200
3740 | 21,4[ 42,00 26,9| 245 292 84,8/ 2010 1,97 | 33,6| 94,2| 23,0 | 2000 220
4230 | 22,3] 43,9] 36,0 300 358 92,2|12310 | 2,48 39,6 112 [ 24,2 | 2210 240
4830 | 23,6| 46,6] 48,2| 371 442 99,9( 2650 3,17 | 47,7| 136 | 25,6 | 2520 260
5330 | 25,3[ 50,2] 62,8 | 448 532 109 | 2860 3,99| 57,2| 160 | 27,4 | 2850 280
5880 | 27,0 54,1] 80,3| 535 632 117 13100 ] 4,95| 67,8| 188 | 29,0 | 3200 300
7580 | 26,0{ 48,2] 109 679 826 121 14630 597 | 86,6| 215 28,1 | 3500 320
7730 | 24,0 44,5] 128 734 918 129 | 5010 5,70 75,0 205 | 27,2 | 3200 350
8040 | 23,8] 45,8] 158 826 | 1010 140 | 5250 6,13 | 78,7 | 214 | 27,7 | 3260 380
9150 | 26,5| 51,1] 203 | 1020 | 1240 149 [ 5770 8,46 | 102 279 | 30,4 | 3960 400
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

L

h
EQUAL LEG
CROSS SECTIONS
painting
Dimensions f:nﬁﬁeap:(; unt Geometric properties
L M mass
h t r | rn | Ko/ A I, We, iy e I, iy I, iy
mm |mm |mm |mm | m mm? | mm* | mm® | om | mm | mm® | om | mm? | mm
m%m | m¥T (x10% | (x10°) (x10°) (x10%)
40-4 40 4 6 3 2,42]10,155 | 64,2 308 ] 0,0448 1,56 | 12,1 11,4 0,0709 | 15,21 0,0186] 7,8
40-6 40 6 6 3 3,562]0,155 | 44,0] 438 ]0,0631 2,26 | 11,9 12,04 0,0998 [ 14,91 0,0265] 7,7
45-5 45 5 7 3,5 3,38]0,174 | 51,5] 430 ]0,0783 2,43 | 13,5 12,94 0,124 (17,01 0,0325] 8,7
50-5 50 5 7 3,5 3,770,194 | 51,5] 480 0,110 3,05 | 15,1 14,0 0,174 (19,01 0,0454] 9,7
50-7 50 7 7 3,5 5,15]0,194 | 37,7 ] 656 0,146 4,15 [ 14,9 14,9 0,231(18,8]10,0610] 9,6
55-6 55 6 8 4 4,95]10,213 | 43,0] 631 0,173 4,40 | 16,6 154 0,274 | 20,8 ] 0,0724 ] 10,7
60-6 60 6 8 4 5,42]0,233 | 43,0] 691 0,228 5,29 | 18,2 16,9 0,362 (22,9]0,0943] 11,7
60-8 60 8 8 4 7,09]0,233 | 329] 903 0,291 6,88 | 18,0 17,11 0,462 (226] 0,121] 11,6
65-7 65 7 9 4.5 6,83]0,252 | 36,9] 870 0,334 7,18 | 19,6 18,94 0,530 | 24,7 0,138] 12,6
70-7 70 7 9 4.5 7,38]10,272 | 36,9] 940 0,424 8,43 | 21,2 19,1 0,671 26,7 0,175] 13,6
70-9 70 9 9 4.5 9,34]0,272 | 29,1] 1190 0,526 10,6 | 21,0 20,94 0,831 (26,4 0,220] 13,6
75-8 75 8 10 5 9,03]0,291 | 32,2] 1150 0,589 11,0 | 22,6 21,3 0,933 | 28,5 0,244 ] 14,6
80- 8 80 8 10 5 9,66]0,311 | 32,2] 1230 0,723 12,6 | 24,2 22,9 1,15 | 30,6 0,298 ] 15,5
80-10 80 10 10 5 11,910,311 | 26,1 ] 1510 0,875 15,5 | 24,1 234 1,39 (30,3] 0,363] 15,5
80-12 80 12 10 5 14,010,311 | 22,11 1790 1,02 18,2 | 23,9 241 1,61 | 30,0 0,427 ] 15,5
90- 9 90 9 1 5,5 12,210,351 | 28,8 ] 1550 1,16 18,0 | 27,4 254 1,84 | 34,5 0,478] 17,6
90-11 90 11 11 5,5 14,710,351 | 23,9 ] 1870 1,38 216 | 27,2 26,1 2,18 34,0 0,571 17,5
100- 8 100 8 12 6 12,210,390 | 32,0 ] 1550 1,45 19,9 | 30,6 27,4 2,30 | 38,5 0,598 ] 19,6
100-10 | 100 | 10 12 6 15,110,390 | 25,8 ] 1920 1,77 24,7 | 30,4 281 2,80 (383] 0,729] 19,5
100-12 | 100 ] 12 12 6 17,810,390 | 21,9 ] 2270 2,07 29,2 | 30,2 29, 3,28 (380] 0857]194
110-10 | 110 ] 10 12 6 16,610,430 | 25,91 2120 2,39 30,1 | 33,6 30, 3,79 |42,3] 0,986] 21,6
120-11 120 1 13 6,5 19,910,469 | 23,6 | 2540 3,41 39,5 | 36,6 33,4 5,41 (46,2 1,40 1 23,5
120-13 | 120 | 13 13 6,5 23,3] 0,469 | 20,1] 2970 3,94 46,0 | 36,4 344 6,25]45,9 1,62 1234
120-15 | 120 ] 15 13 6,5 26,610,469 | 17,6 ] 3390 4,46 52,5 | 36,3 351 7,05]|45,6 1,85 ] 23,3
130-12 | 130 | 12 14 7 23,6]0,508 | 21,5] 3000 4,72 50,4 | 39,7 36,4 7,50 | 50,0 1,94 1254
130-14 | 130 ] 14 14 7 27,210,508 | 18,7 ] 3470 5,40 58,2 | 39,4 37,1 857|497 2,23 1253
140-13 | 140 | 13 15 7,5 27,510,547 | 19,9 ] 3500 6,38 63,3 | 42,7 39,41 10,1 | 53,8 2,62 1274
140-15 | 140 ] 15 15 7,5 31,4]10,547 | 17,4 ] 4000 7,23 72,3 | 42,5 40, 11,5 [ 53,6 2,98 | 27,3
150-12 | 150 | 12 16 8 27,310,586 | 21,5] 3480 7,37 67,7 | 46,0 41,2 11,7 | 58,0 3,03] 29,5
150-14 | 150 | 14 16 8 31,6]0,586 | 18,5] 4030 8,45 78,2 | 45,8 421 134 |57,7 3,47 |1 294
150-16 | 150 | 16 16 8 35,9]0,586 | 16,3 ] 4570 9,49 88,7 | 45,6 4294 151 (574 3,91]29,3
160-15 | 160 | 15 17 8,5 36,210,625 | 17,3 ] 4610 11,0 95,6 | 48,8 49 175 61,5 4531314
160-17 | 160 | 17 17 8,5] 40,710,625| 15415180 12,3 108 | 48,6 457 195 [61,3 5,06 | 31,3
180-16 | 180 | 16 18 9 43,510,705 | 16,2 | 5540 16,8 130 | 55,1 50,4 26,9 | 69,6 6,79 ] 35,0
180-18 | 180 ] 18 18 9 48,610,705 | 14,5]16190 18,7 145 [ 54,9 51, 29,6 | 69,2 7,57 ]134,9
200-16 | 200 | 16 18 9 48,510,785 | 16,2]16180 23,4 162 | 61,5 552 37,2 |77,6 9,59 | 394
200-18 | 200 | 18 18 9 54,310,785 | 14,5] 6910 26,0 181 61,3 56, 41,3 | 77,3 10,7 139,3
200-20 | 200 | 20 18 9 59,910,785 | 13,1] 7640 28,5 199 [61,1 56,8 454 | 77,0 11,7 139,2
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STEEL STRUCTURES WORKED EXAMPLES

CIRCULAR
HOLLOW T

CROSS SECTIONS ;
painting surface per
Dimensions unit length and unit Geometric Properties
Cross Tass
section d t M Sm St A A, 1 We, W, i
mm | mm | Kgm | m¥m | m¥T | mm® | mm? mm* mm’® mm® | mm
(x10° (x10°) | (x10%
50-2 50 2 2,36 10,156 66,3 301 192 0,087 3,48 4,60 (16,9
50-3 50 3 3,47 10,156 451 442| 281 0,122 4,91 6,62 |16,6
50-4 50 4 4,53 10,156 34,6 578| 368 0,154 6,16 8,46 |16,3
60-2 60 2 2,86 10,188 65,8 364 232 0,153 5,11 6,72 20,5
60-3 60 3 4,21 10,188 44.6 537 342 0,218 7,29 9,74 20,1
60-4 60 4 5,52 10,188 34,1 703| 448 0,277 9,24 12,5 19,8
75-2 75 2 3,60 0,235 65,4 458 292 0,305 8,15 10,6 |25,8
75-3 75 3 5,32 10,235 44,2 678 432 0,440 11,7 15,5 |254
75-4 75 4 7,00 10,235 33,6 892 568 0,563 15,0 20,1 |251
75-5 75 5 8,63 ]0,235 27,2 | 1100 700 0,676 18,0 245 (24,8
90-2 90 2 4,34 10,283 65,1 552| 351 0,535 11,9 15,4 31,1
90-3 90 3 6,43 0,283 43,9 819| 521 0,77 17,2 22,7 30,7
90-4 90 4 8,48 10,283 33,3 | 1080| 688 1,0 22,2 29,5 1304
90-5 90 5 1104 0,283 26,9 | 1340 853 1,21 26,8 36,1 |30,1
90-6 90 6 124 0,283 22,7 | 1580[ 1010 1,40 31,1 42,3 29,7
94-2 94 2 4,53 10,293 |65,0 578 368 0,61 13,0 16,9 |32,5
94-3 94 3 6,73 ]0,293 |43,8 857 546 0,89 18,9 248 1321
94-4 94 4 8,87 10,293 |33,2 1130 719 1,14 244 32,3 |31,8
94-5 94 5 11,0 0,293 |26,9 1400 891 1,38 29,5 396 |31,5
94-6 94 6 13,0 0,293 | 22,6 1660| 1060 1,61 34,3 46,4 |31,1
100-2] 100 2 4,83 10,312 |64,9 615 392 0,73 14,7 19,2 |34,6
100-3 ] 100 3 717 10,312 |43,7 914 582 1,07 21,5 28,2 1343
100-4 ] 100 4 9,47 10,312 | 331 1210( 770 1,39 27,8 36,8 |33,9
100-5] 100 5 11,7 0,312 | 26,8 1490( 949 1,68 33,7 451 |33,6
100-6 | 100 6 13,9 0,312 | 225 1770( 1130 1,96 39,2 53,0 ]33,3
115-2] 115 2 5,57 ] 0,361 64,8 710 452 1,13 19,7 255 139,9
115-3] 115 3 8,28 | 0,361 43,6 1060 675 1,65 28,8 376 39,6
115-4] 115 4 10,9 0,361 32,9 1390( 885 2,15 37,4 49,2 39,2
115-5] 115 5 13,6 0,361 26,6 1730( 1100 2,61 45,5 60,5 38,9
1156 | 115 6 16,1 0,361 22,4 2050| 1310 3,06 53,2 71,2 38,5
115-7] 115 7 18,6 0,361 19,3 2380| 1520 3,47 60,4 81,6 |38,2
125-3 ] 125 3 9,02 ]0,392 |[43,5 1150 730 2,14 34,2 446 |43
125-4 ] 125 4 11,9 0,392 |[32,8 1520 970 2,78 445 58,5 42,8
125-5] 125 5 1148 0,392 |26,5 1880( 1200 3,39 54,3 72,0 42,4
125-6 | 125 6 17,6 0,392 |22,3 2240| 1430 3,98 63,6 84,9 421
125-7] 125 7 1204 0,392 | 19,2 2590( 1660 4,53 72,5 97,4 [41,7
135-4] 135 4 12,9 0,423 |32,8 1650( 1050 3,53 52,3 68,6 |46,3
135-5] 135 5 16,0 0,423 | 26,4 2040| 1290 4,32 64,0 84,5 459
1356 ] 135 6 19,1 0,423 | 22,2 2430| 1550 5,06 75,0 99,8 |45,6
135-:7] 135 7 1221 0,423 | 19,1 2810| 1790 5,78 85,6 114 45,3
135-8] 135 8 25,1 0,423 | 16,9 3190] 2030 6,46 95,7 129 44,9
150-4 ] 150 4 14,4 0,471 32,7 1830( 1170 4,89 65,2 85,0 |51,6
150-5] 150 5 1179 0,471 26,3 2280| 1770 5,99 79,9 105 51,2
150-6 | 150 6 21,3 0,471 22,1 2710| 1730 7,04 93,9 124 50,9
150-7 | 150 7 124,77 0,471 19,0 3140| 2000 8,05 107 143 50,6
150-8 | 150 8 ]128,0 0,471 16,8 3570| 2270 9,02 120 161 50,2
150-9 ] 150 9 1313 0,471 15,0 3990]| 2540 9,94 132 178 49,9
continued
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

CIRCULAR

HOLLOW il
CROSS SECTIONS ;
continued
painting surface per
Dimensions unit length and unit Geometric properties
Cross Tass
section d t M Sm St A A, ) We, W, i
mm | mm | Kgm | m¥m | m¥T | mm® | mm® | mm* | mm® | mm® | mm
(x10°) | (x10°) | (x10°)
155-4 155 4 14,91 0,485| 32,6 | 1900 | 1210 5,41 70 91 53,4
155-5 155 5 18,51 0,485| 26,3 | 2360 | 1500 6,63 | 86 112 53,0
155-6 155 6 22,0 | 0,485 22,0 | 2810 | 1790 7,80 | 100 133 52,7
155-7 155 7 255 | 0,485 19,0 | 3250 | 2070 8,93 | 115 153 52,3
155-8 155 8 29,0 | 0,485 16,7 | 3690 | 2350 10,0 129 172 52,0
155-9 155 9 32,4 | 0,485 15,0 | 4130 | 2630 11,0 142 191 51,7
165-4 165 4 159 ] 0,518 | 32,6 | 2020 | 1290 6,55 | 79 103 56,9
165-5 165 5 19,7 1 0,518 | 26,2 | 2510 | 1600 8,05 | 97 128 56,5
165-6 165 6 235 0,518 22,0 | 3000 | 1910 9,48 | 114 151 56,2
165-7 165 7 27,3 | 0,518 19,0 | 3470 | 2210 10,9 131 174 55,9
165-8 165 8 31,0 | 0,518 16,7 | 3950 | 2510 12,1 147 197 55,5
165-9 165 9 346 | 0,518 14,9 | 4410 | 2810 13,5 163 219 55,2
175-4 175 4 16,9 | 0,548 | 32,5 | 2150 | 1370 7,85 90 116 60,4
175-5 175 5 21,0 | 0,548 26,2 | 2670 | 1700 9,65 | 110 144 60,1
175-6 175 6 25,0 | 0,548 21,9 | 3190 | 2030 11,0 130 171 59,7
175-7 175 7 29,0 | 0,548 18,9 | 3690 | 2350 13,0 149 197 59,4
175-8 175 8 32,9 | 0,548 16,6 | 4200 | 2670 14,7 167 223 59,1
175-9 175 9 36,8 | 0,548 14,9 | 4690 [ 2990 16,2 185 248 58,7
200-5 200 5 24,0 | 0,626 26,1 | 3060 | 1900 14,6 145 190 68,9
200-6 200 6 28,7 | 0,626 21,8 | 3660 | 2330 17,2 172 225 68,6
200-7 200 7 33,3 | 0,626 18,8 | 4240 | 2700 19,8 197 260 68,2
200-8 200 8 379 | 0,626 16,5 | 4830 | 3080 22,3 | 222 294 67,9
200-9 200 9 42,4 ]| 0,626 | 14,8 | 5400 | 3440 24,7 | 246 328 67,6
219-5 219 5 26,4 | 0,686 26,0 | 3360 | 2140 19,3 175 228 75,6
219-6 219 6 31,5 0,686 21,8 | 4010 | 2550 22,8 | 208 272 75,3
219-7 219 7 36,5 | 0,686 18,7 | 4660 | 2970 26,2 | 239 314 74,9
219-8 219 8 416 | 0,686 16,5 | 5300 | 3370 296 | 269 356 74,6
2199 219 9 46,6 | 0,686 | 14,7 | 5940 | 3780 32,2 | 299 396 74,3
244,5-6 2445 6 353 | 0,244 21,8 | 4500 | 2860 32,0 | 262 341 84,3
244,5-8 2445 8 46,7 | 0,244 | 16,5 | 5940 | 3780 41,6 | 340 448 83,7
244,510 2445 | 10 57,8 | 0,244 13,3 | 7370 | 4690 50,7 | 415 550 83,0
244,512 2445 | 12 68,8 | 0,244 11,2 | 8760 | 5580 59,4 | 486 649 82,3
244,514 2445 | 14 79,6 | 0,244 9,65 ]10100 | 6430 67,6 | 553 745 81,6
2736 273 6 39,5 0,858 21,7 | 5030 | 3200 449 | 329 428 94,4
2738 273 8 52,3 | 0,858 16,4 | 6660 | 4240 58,5 | 429 562 93,7
273-10 273 10 64,9 | 0,858 13,2 | 8260 | 5260 71,5 | 524 692 93,0
273-12 273 12 77,2 | 0,858 11,1 | 9840 | 6260 84,0 | 615 818 92,4
273-14 273 14 89,4 | 0,858 [ 9,59 | 11400 | 7260 95,8 [ 702 940 91,7
323,9-8 323,9 8 62,3 | 1,02 16,3 | 7940 | 5050 99,1 612 798 112
323,9-10 3239 | 10 774 | 1,02 13,1 | 9860 | 6280 122 751 986 111
323,912 3239 | 12 92,3 | 1,02 11,0 | 11800 | 7510 143 884 | 1170 110
323,914 3239 | 14 107 1,02 9,51 | 13600 | 8660 164 1010 | 1340 110
355,6-8 355,6 8 686 | 1,12 16,3 | 8740 | 5560 132 742 967 123
355,6:10 355,6 | 10 852 | 1,12 13,1 | 10900 | 6940 162 912 | 1190 122
355,6-12 3556 | 12 102 1,12 11,0 | 12900 | 8210 191 1080 | 1420 122
355,6:14 3556 | 14 118 1,12 9,47 115000 | 9550 219 1230 | 1630 121
406,4-8 406,4 8 786 | 1,28 16,2 | 10000 | 6370 199 978 | 1270 141
406,4-10 406,4 | 10 97,8 | 1,28 13,1 | 12400 | 7890 245 1200 | 1570 140
406,4-12 4064 | 12 117 1,28 10,9 | 14900 | 9480 299 1420 | 1870 139
406,4-14 406,44 | 14 135 1,28 9,42 117300 | 11000 333 1640 | 2160 139
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STEEL STRUCTURES WORKED EXAMPLES

SQUARED
HOLLOW il

CROSS SECTIONS
b
painting surface per

Dimensions unit length and unit Geometric Properties

Cross LGS
section b t M Sm St A A, ) We, W, i
mm | mm | Kggm | m’m | m¥T | mm* | mm* | mm* mm’® mm® | mm
(x10°) | (x10°) | (x10°)
40-2 40 2 2,36 | 0,156 | 66,3 301 | 151 0,073 3,66 4,33 (15,5
40-3 40 3 3,47 | 0,156 | 45,1 442 | 221 0,101 5,09 6,17 (15,1
40-4 40 4 4,53 | 0,156 | 34,6 578 | 289 0,125 6,29 7,80 |14,7
50-2 50 2 2,86 | 0,188 | 65,8 364 | 182 0,147 5,90 6,91 (20,1
50-3 50 3 421 | 0,188 | 44,6 537 | 269 0,208 8,33 9,95 [19,7
50-4 50 4 552 ] 0,188 | 34,1 703 | 352 0,261 10,5 12,7 19,2
60-2 60 2 3,60 | 0,235 | 65,4 458 | 229 0,260 8,68 10,0 |[23,8
60-3 60 3 532 | 0,235 | 44,2 678 | 339 0,371 12,3 14,6 |23,3
60-4 60 4 7,0 0,235 | 33,6 892 | 446 0,470 15,6 18,8 22,9
60-5 60 5 8,63 | 0,235 | 27,2 | 1100 | 550 0,559 18,6 22,7 22,5
70-2 70 2 4,34 | 0,283 | 65,1 552 | 276 0,419 11,9 13,8 27,5
70-3 70 3 6,43 | 0,283 | 43,9 819 | 410 0,602 17,2 20,2 |271
70-4 70 4 8,48 | 0,283 | 33,3 | 1080 | 540 0,769 21,9 26,1 |26,6
70-5 70 5 10,4 0,283 | 26,9 | 1340 | 670 0,920 26,3 31,7 (26,2
70-6 70 6 12,4 0,283 | 22,7 | 1580 | 790 1,05 30,2 36,9 ]25,8
75-2 75 2 4,53 | 0,293 | 65,0 578 | 289 0,52 13,8 15,9 29,9
75-3 75 3 6,73 | 0,293 | 43,8 857 | 429 0,75 19,9 23,3 29,5
75-4 75 4 8,87 | 0,293 | 33,2 | 1130 | 565 0,96 25,5 30,2 29,0
75-5 75 5 11,0 0,293 | 26,9 | 1400 | 700 1,14 30,6 36,8 [28,6
75-6 75 6 13,0 0,293 | 22,5 | 1660 | 830 1,32 35,3 429 |28,2
80-2 80 2 4,83 | 0,312 | 64,9 615 | 308 0,63 15,8 18,2 32,0
80-3 80 3 717 | 0,312 | 43,7 914 | 457 0,91 22,8 26,6 |31,6
80-4 80 4 9,47 | 0,312 | 33,1 | 1210 | 605 1,17 29,3 346 |311
80-5 80 5 11,7 0,312 | 26,8 | 1490 | 745 1,41 35,3 422 (30,7
80-6 80 6 13,9 0,312 | 22,5 | 1770 | 885 1,63 40,7 49,3 30,3
90-2 90 2 5,57 | 0,361 64,8 710 | 355 0,91 20,2 23,2 |357
90-3 90 3 8,28 | 0,361 43,6 | 1060 | 530 1,31 29,3 34,0 |353
90-4 90 4 10,9 0,361 32,9 | 1390 | 695 1,69 37,7 444 (349
90-5 90 5 13,5 0,361 26,6 | 1730 | 865 2,05 45,6 54,2 344
90-6 90 6 16,1 0,361 22,4 12050 | 1030 2,38 52,9 63,6 |34,0
90-7 90 7 18,6 0,361 19,3 ] 2380 [ 1190 2,68 59,7 72,5 [33,6
100-3 100 3 9,02 | 0,392 | 43,5 | 1150 | 575 1,82 36,5 42,3 (39,8
100-4 100 4 11,9 0,392 | 32,8 | 1520 | 760 2,36 47,2 55,3 ]394
100-5 100 5 14,8 0,392 | 26,5 | 1880 | 940 2,85 57,3 67,7 |38,9
100-6 100 6 17,6 0,392 | 22,3 | 2240 | 1120 3,33 66,7 79,6 38,5
100-7 100 7 20,4 0,392 19,3 ] 2590 | 1300 3,77 75,4 90,9 |38/1
110-4 110 4 12,9 0,423 | 32,8 | 1650 | 833 3,18 57,8 67,4 |43,9
110-5 110 5 16,0 0,423 | 26,4 | 2040 | 1020 3,86 70,3 82,7 |435
110-6 110 6 19,1 0,423 | 22,2 | 2430 | 1220 4,51 82,0 97,4 |43,0
110-7 110 7 22,1 0,423 19,1 ] 2810 | 1410 5,12 93,1 111 42,6
110-8 110 8 25,1 0,423 16,9 | 3190 | 1600 5,69 104 125 42,2
120-4 120 4 14,4 0,471 32,7 | 1830 | 915 4,16 69,4 80,7 |47,6
120-5 120 5 17,9 0,471 26,3 | 2280 | 1140 5,07 84,6 99,2 |47,2
120-6 120 6 21,3 0,471 22,1 | 2710 | 1360 5,94 99,0 117 46,7
120-7 120 7 24,7 0,471 19,0 | 3140 | 1570 6,75 113 134 46,3
120-8 120 8 28,0 0,471 16,8 | 3570 | 1790 7,53 126 151 45,9
120-9 120 9 31,3 0,471 15,0 ] 3990 [ 1700 8,25 138 167 45,5
continued
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

SQUARED

%

N
TNV
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HOLLOW 4
CROSS SECTIONS b
continued
painting surface per
Dimensions unit length and unit Geometric properties
Cross Tass
section b t M Sm St A A, ) W, W, i
mm | mm | Kgm | m¥m | m¥T | mm® | mm* | mm* mm’® mm’® mm
(x10° | (x10°) | (x10%)
125-4 125 4 14,9 | 0,485 32,6 1900 950 4,72 75,6 87,8 | 49,9
125-5 125 5 18,5 | 0,485 26,3 2360( 1180 577 92,3 108 49,4
125-6 125 6 22,0 10,485 22,0 2810| 1410 6,75 108 128 49,0
125-7 125 7 25,5 10,485 19,0 3250| 1630 7,69 123 146 48,6
125-8 125 8 29,0 10,485 16,7 3690| 1850 8,58 137 165 48,1
125-9 125 9 32,4 10,485 15,0 4130( 2070 9,42 151 182 47,7
1354 135 4 15,9 ] 0,518 32,6 2020| 1010 6,0 88,8 103 54,4
135-5 135 5 19,7 ] 0,518 26,2 2510| 1260 7,33 109 127 54,0
135-6 135 6 23,5 10,518 22,0 3000| 1500 8,60 127 150 53,5
1357 135 7 27,3 10,518 19,0 3470| 1740 9,81 145 172 53,1
135-8 135 8 31,0 10,518 16,7 3950| 1980 | 11,0 145 194 52,7
135-9 135 9 34,6 10,518 14,9 4410( 2210 | 12,1 179 214 52,2
140-4 140 4 16,9 | 0,548 32,5 2150| 1080 6,71 95,9 111 55,8
140-5 140 5 21,0 10,548 26,2 2670| 1340 8,21 117 137 55,4
140-6 140 6 25,0 10,548 21,9 3190| 1600 9,64 138 162 55,0
140-7 140 7 29,0 10,548 18,9 3690| 1800 | 11,0 157 186 54,5
140-8 140 8 32,9 10,548 16,6 4200( 2100 | 12,3 176 209 54,1
140-9 140 9 36,8 ]0,548 14,9 4690( 2350 | 13,6 194 232 53,7
160-5 160 5 24,0 10,626 26,1 3060| 1530 | 12,4 155 180 63,6
160-6 160 6 28,7 10,626 21,8 3660| 1830 | 14,6 183 214 63,2
160-7 160 7 33,3 10,626 18,8 4240( 2120 | 16,7 209 246 62,8
160-8 160 8 37,9 10,626 16,5 4830( 2420 | 18,8 235 278 62,3
160-9 160 9 42,3 10,626 14,8 5400| 2700 | 20,7 259 308 61,9
175-5 175 5 26,4 10,686 |26,0 3360( 1680 | 16,4 187 217 69,8
175-6 175 6 31,5 10,686 |21,8 4010( 2010 | 19,3 221 257 69,3
1757 175 7 36,5 10,686 | 18,7 4660( 2330 | 22,2 253 297 68,9
175-8 175 8 416 10,686 [ 16,5 5300| 2650 | 24,9 285 335 68,5
175-9 175 9 46,6 | 0,686 | 14,7 5940] 2970 | 27,5 315 372 68,0
180- 5 180 5 26,8 10,699 | 26,1 3420 1710 | 17,3 192 223 71,0
180- 6 180 6 31,9 10,695 |21,8 4080( 2090 | 20,2 225 263 70,5
180- 8 180 8 41,6 | 0,686 | 16,5 5310| 2660 | 25,6 285 338 69,5
180-10 180 | 10 51,0 10,683 | 13,4 6490| 3250 | 30,5 338 407 68,5
180-12 180 | 12 62,6 10,707 [11,3 7620| 3810 [ 34,7 305 470 67,4
200- 5| 200 5 30,0 10,780 |26,0 3020| 1510 | 24,0 240 278 79,2
200- 6| 200 6 35,7 10,778 (21,8 4550( 2080 | 28,1 281 328 78,7
200- 8| 200 8 46,7 | 0,771 16,5 5950( 2980 | 35,9 359 473 77,7
200-10 | 200 | 10 57,2 10,761 13,3 7290| 3650 | 42,9 429 512 76,7
200-12 | 200 | 12 67,4 10,755 |[11,2 8580| 4290 | 49,1 491 593 75,7
250- 5| 250 5 451 | 1,17 25,9 4820( 2410 | 47,9 388 441 99,6
250- 6| 250 6 59,3 11,29 21,7 5750| 2880 | 56,4 451 522 99,1
250- 8| 250 8 68,7 11,13 16,4 7550| 3780 | 72,6 581 679 98,1
25010 | 250 | 10 72,9 10,962 | 13,2 9290| 4650 | 87,6 701 826 97,1
250-12 | 250 | 12 86,2 10,957 | 11,1 11000] 5500 [101 811 966 96,1
260- 6| 260 6 48,1 | 1,04 21,6 5990| 3000 | 63,7 490 566 103
260-10 | 260 [ 10 67,8 10,895 [13,2 9690| 4850 | 99,2 763 898 101
300- 6| 300 6 545 11,18 21,6 6950| 3480 | 99,2 662 761 120
300- 8| 300 8 71,8 11,17 16,3 9150| 4580 (129 857 994 119
300-10 | 300 [ 10 88,6 | 1,16 13,1 11300| 5650 [156 1040 1220 118
300-12 | 300 | 12 105 1,16 11,0 | 13400| 6700 [182 1210 1430 117
350- 8| 350 8 86,3 | 1,40 16,2 | 10800| 5400 (208 1190 1370 139
35010 | 350 [ 10 107 1,40 13,0 | 13300| 6650 [253 1450 1680 138
350-12| 350 | 12 128 1,40 10,9 | 15800| 7900 [296 1690 1980 137

31
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HOLLOW | R
CROSS SECTIONS é
Q
f——————————t
c Ezmg‘rggfﬁr?::m Geometric properties
ross mass
section T 5 T ¢ m A I, Wey | Woo | 0y | Ay Lo| Wez | Wo | iz | Avg
mm | mm | mm| Ko/m mm? | mm® | mme | mmb | mm | mm? | mm® | mmt | mm | mm | me?
m¥m | m¥T (x10° | (x10%)] (x10°) (x10°%| (x10%)| (x10%)
30-50-2 30150 2 2,36 0,156 | 66,3 ] 301 0,101 4,06 4,99( 18,3] 188 | 0,045| 3,0 | 3,467| 12,2 | 113
30-50-3 30 | 50 3 3,47 0,156 | 45,1 442 0,142 5,68 7,13| 17,9| 276 0,061 4,12| 491(11,8| 166
30-50-4 30 | 50 4 4,53 0,156 ] 34,5] 578 0,176 7,06] 9,04| 17,4 361 0,075| 5,01 6,16 [ 11,4 | 217
20-60-2 20160 2 2,36 0,156 | 66,3 ] 301 0,125 4,19| 5,45| 20,4| 226 | 0,020/ 0,08 2.41| 8,3 75
20-60-3 20 | 60 3 3,47 0,156 | 45,1 442 0,176 5,87 7,79 19,9 332 0,027 2,761 3,35( 7,9 | 111
20-60-4 20 | 60 4 4,53 0,156 ] 34,6 578 0,219 7,31 9,88| 19,4| 434 0,032 3,25| 4,12 7,4 | 145
40-60-2 40 | 40 2 2,86 0,188 65,8 364 0,193 6,43 7,77| 23,0 218 0,102| 5,11 5,851 16,7 | 218
40-60-3 40 | 40 3 4,21 0,188 44,6 | 537 0,273 9,12 11,2 | 22,5( 322 0,143 7,15 8,39( 16,3 | 322
40-60-4 40 | 40 4 5,52 0,188 34,1] 703 0,345 11,5| 14,4| 22,1| 422 0,178| 8,90 10,7 [ 15,9 | 422
30-70-2 30| 70 2 2,86 0,188 65,8 364 0,234 6,70| 8,43| 25,3| 255 0,060 4,05 459|129 | 109
30-70-3 30| 70 3 4,21 0,188 44,6 | 537 0,333 9,52| 12,2 | 24,9| 376 0,083| 5,58 6,53(12,4 | 161
30-70-4 30 | 70 4 5,52 0,188 34,1] 703 0,420 12,0| 15,6 | 24,4| 492 0,102] 6,83| 8,24 (12,0] 211
50-70-2 50 | 70 2 3,60 0,235 65,4 458 0,330 9,34 11,2 | 26,7| 267 0,193 7,75| 8,83 (20,5| 191
50-70-3 50 | 70 3 5,32 0,235 44,2 678 0,470 13,4| 16,2] 26,2| 395 0,274 11,0| 12,8 | 20,1 | 283
50-70-4 50 | 70 4 7,0 0,235] 33,6 892 0,600 17,0| 20,9 25,8| 520 0,346| 13,9 | 16,4 [ 19,7 | 372
50-70-5 50 | 70 5 8,63 0,235] 27,211100] 0,700 20,3| 25,3]| 25,3| 641 0,409| 16,4 | 19,8 [ 19,2 | 459
40-80-2 40 | 80 2 3,60 0,235 65,4 458 0,390 9,741 12,0 29,1 306 0,131 6,55| 7,37 (16,9 | 153
40-80-3 40 | 80 3 5,32 0,235 44,2 678 0,560 14,0| 17,5]| 28,6| 452 0,184 9,21| 10,6 | 16,4 | 226
40-80-4 40 | 80 4 7,0 0,235 33,6 892 0,710 17,8 | 22,5]| 28,2| 595 0,230 11,5| 13,6 | 16,0 | 297
40-80-5 40 | 80 5 8,63 0,235] 27,211100] 0,850 21,2| 27,3]| 27,7] 734 0,269| 135| 16,3 [ 15,6 | 366
60-80-2 60 | 80 2 4,34 0,283 ] 65,1 552 0,510 12,8| 15,1] 30,4| 315 0,327| 10,9 | 12,4 (24,3 | 237
60-80-3 60 | 80 3 6,43 0,283 43,9] 819 0,740 18,4| 22,1] 29,9| 468 0,468| 15,6 | 18,1 | 23,9 | 351
60-80-4 60 | 80 4 8,48 0,283 ] 33,3]1080] 0,940| 23,6 | 28,6| 29,5/ 617 0,596| 19,9 | 23,3 | 23,4 | 463
60-80-5 60 | 80 5 10,5 0,283 ] 26,9]1340 1,13 28,3 | 34,8| 29,1| 765 0,710 23,7 | 28,3 | 23,0 | 575
60-80-6 60 | 80 6 12,4 0,283 ] 22,7 11580 1,30 32,6 | 40,5]| 28,6/ 902 0,813] 27,1 32,8 | 22,6 | 678
50-90-2 50 | 90 2 4,34 0,283 ] 65,1 552 0,600 13,3| 16,2 ] 32,9| 355 0,239| 9,59 10,8 | 20,8 | 197
50-90-3 50 | 90 3 6,40 0,283 43,9] 819 0,860 19,2| 23,6 | 32,4| 527 0,341 13,6 | 15,6 | 20,3 | 292
50-90-4 5019 | 4 8,48 0,283 | 33,3]1080 1,10 | 24,6 | 30,6 | 32,00 694 | 0,431 17,2 20,1 | 19,9 | 386
50-90-5 50 | 90 5 10,5 0,283 ] 26,9]1340 1,33 29,6 | 37,3 | 31,5| 862 0,510 20,4 | 24,3 [ 19,5 | 478
50-90-6 50 | 90 6 12,4 0,283 ] 22,7 11580 1,53 34,1 43,5 31,111020 ] 0,580| 23,2 | 28,1 | 19,1 | 564
40-100-2 | 40 | 100} 2 4,34 0,283 65,1] 552 | 0,.680| 13,6 | 17,1] 35,0| 393 0,160| 8,0 8,89 (17,0 159
40-100-3 | 40 |100] 3 6,43 0,283 43,9] 819 0,980 19,6 | 24,9]| 34,5/ 583 0,225 11,3 | 12,8 [ 16,5 | 236
40-100-4 | 40 |100] 4 8,48 0,283 ] 33,311080 1,26 25,1 32,3 | 34,1 769 0,282| 14,1 16,4 | 16,1 | 311
40-100-5 | 40 1 100] 5 10,5 0,283 26,9]1340 1,51 30,2 | 39,3| 33,6/ 954 0,330 16,5| 19,8 [ 15,7 | 386
40-100-6 | 40 J100] 6 12,4 0,283 ] 22,7 11580 1,74 349| 458 33,1(1130| 0,372 18,6 | 22,8 | 153 | 455
60-90-2 60 | 920 2 4,53 0,293 65,0] 578 0,676 15,0| 18,0| 34,2| 347 0,361 12,0 13,6 | 25,0 | 231
60-90-3 60 | 90 3 6,73 0,293 43,8 857 0,977 21,7| 26,2| 33,7| 514 0,517 17,3 | 19,8 (24,5 | 343
60-90-4 60 | 90 4 8,87 0,293 33,211130 1,26 279 34,1| 33,3| 678 0,659| 22,0 | 25,6 |24,1| 457
60-90-5 60 | 920 5 11,0 0,293 26,9 1400 1,51 33,6 41,5] 32,8| 839 0,786| 26,2 | 31,0 | 23,7 | 559
60-90-6 60 | 90 6 13,0 0,293 ] 22,6 | 1660 1,76 38,8 48,5| 32,4| 995 0,901] 30,0 | 36,1 | 23,3 | 663
continued

32




CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

'z

CROSS SECTIONS

continued
Dimensions Ei:?}:ﬁgfﬁfgm; Geometric properties
cl'(-)SS mass
section | T T ¢ Kg’/'m A b | Wa | Wy | by | Ay | L | War] Woz| i | A
mm | mm\| mm mm mm mm mm mm mm mm mm mm

m’/m | m¥T (x10°) | (x10%)| (x10°) mm’ | (x10%] (x10°%)]| (x10°) mm’
50-100-2 | 50| 100 | 2 453 0,293] 65,0] 578 0,780] 15,5 | 19,1| 36,6] 386 | 0,262| 10,5 | 11,7 | 21,3 | 221
50-100-3 | 50 |100| 3 6,73| 0,293| 438 857 | 1,12 | 22,4 | 27,8| 36,1| 572 | 0,374| 150 | 17,0 | 20,8 | 328
50-100-4 | 50|100| 4 887 | 0,293| 33211130 | 1,44 | 28,8 | 36,1| 356 754 | 0473|150 [ 21,9 | 204 | 433
50-100-5 | 50|100| 5 | 11,0 0,293 | 26,911400 | 1,74 | 34,7 | 44,0| 35,2| 933 0,561| 22,5 | 26,5 |20,0| 535
50-100-6 | 50|100| 6 13,0 0,293 | 22611660 | 2,091| 40,2 | 514 34,7]1110] 0639|256 [ 30,7 | 196 | 635
40-110-2 | 40[110] 2 453 0,293 65,0 578 0,860[ 15,7 | 19,9 38,6] 426 | 0,174] 8,72 9,65[ 17,3 154
40-110-3 | 40|110| 3 6,73| 0,293| 438 857 | 1,25 | 22,7 | 29,1| 38,1| 632 | 0,246| 12,3 | 13,9 | 16,9 | 229
40-110-4 | 40| 110| 4 8,87 | 0,293| 33211130 1,61 | 29,2 | 37,8 37,6/ 833| 0,308 154 | 17,9 | 16,5 | 433
40-110-5 | 40|110| 5 | 11,0 0,293 | 26,9]1400| 1,97 | 352 | 46,0 37,2/1030| 0,361| 18,1 | 21,5 [ 16,0 | 513
40-110-6 | 40|110| 6 13,0 0,293 | 22611660 | 2,24 | 40,7 | 53,8| 36,7|1220| 0,407 20,4 [ 24,8 | 156 | 443
60-100-2 | 60| 100| 2 483| 0312 64,9] 615] 0,871 17,4 | 21,0] 37,6/ 384 | 0,395/ 132 | 14,7 [ 253 231
60-100-3 | 60|100| 3 717 0,312| 43,7]| 914| 1,26 | 252 | 30,7 37,1| 571 | 0,566| 18,9 | 21,5 | 24,8 | 343
60-100-4 | 60| 100| 4 947| 0,312 33111210 1,63 | 325 | 40,0| 36,7| 754 | 0,722| 24,1 | 27,8 | 24,4 | 452
60-100-5 | 60|100| 5 | 11,7 0,312 | 26,8]11490| 1,96 | 39,2 | 486| 36,2 933 0,862| 28,7 | 33,8 24,0 560
60-100-6 | 60|100| 6 13,9 0,312 | 2251|1770 | 2,27 | 4555 | 57,1| 35,8/1110 ] 0,988/ 33,0 | 39,3 [ 236 | 664
80-100-2 | 80[100| 2 | 5,57 0,361 64,8] 710| 1,06 | 21,3 | 24,9] 38,6] 395 0,754 18,9 [ 21,4 [ 32,6 | 315
80-100-3 | 80|100| 3 | 8,28 0,361 | 43611060 | 1,54 | 30,9 | 36,5 38,2| 587 | 1,090| 27,3 | 31,3 |32,1| 468
80-100-4 | 80|100| 4 10,9 0,361 | 32,911390 | 1,99 | 39,9 | 476 37,8 775 1,410[351 |[40,8 |31,7| 619
80-100-5 | 80|100| 5 |13,6 0,361 | 26,6 11730 | 2,41 | 48,3 | 58,3| 37,3] 960 | 1,690| 42,4 | 49,8 |31,3| 767
80-100-6 | 80|100| 6 |16,1 0,361 | 22,412050 | 2,80 | 56,1 | 60,4| 36,9|1140 | 1,960| 49,0 | 58,3 | 30,8 | 912
80-100-7 | 80|100| 7 |18,6 0,361 | 19,3]12380| 3,17 | 634 | 78,0| 36,5/1320| 2,210[ 55,2 | 66,3 | 30,4 | 1060
60-120-2 | 60[120| 2 | 5,57 0,361 64,8] 710| 1,36 | 22,6 | 27,6] 43,6] 474 0,462 154 [ 17,1 | 255 | 236
60-120-3 | 60|120| 3 | 8,28 0,361 | 4361060 | 1,97 | 32,9 | 406| 43,2| 704 | 0664|221 |24,9 |250| 351
60-120-4 | 60|120| 4 10,0 0,361 | 32,911390 | 2,55 | 42,5 | 52,9| 42,7| 930 0,850| 28,3 | 32,3 | 24,6 | 464
60-120-5 | 60|120| 5 |13,0 0,361 | 26,6 11730 | 3,09 | 51,6 | 64,8] 42,3|1150 | 1,010[ 33,8 [ 39,3 | 24,2 | 575
60-120-6 | 60|120| 6 |16,1 0,361 | 22,4]2050| 3,60 | 60,0 | 76,0 41,8/1370| 1,160| 38,8 | 458 | 23,8 | 684
60-120-7 | 60|120| 7 |18,6 0,361 | 19,3]2380| 4,07 | 67,9 | 86,8| 41,4{1580] 1,300[ 43,3 [51,9 [ 233 | 791
80-120-3 | 80[120| 3 | 9,02 0,392 | 435[1150 | 2,38 | 39,7 | 47,6] 45,5] 689 1,270 31,8 [ 35,9 [ 33,2 460
80-120-4 | 80|120| 4 [11,9 0,392 | 32,8]11520| 3,09 | 51,5 | 622| 45,0 912 | 1,640| 40,9 | 46,8 | 32,8 | 608
80-120-5 | 80|120| 5 |14,8 0,392 | 26,5]11880 | 3,76 | 62,6 | 76,3| 44,6/1130 | 1,980| 49,4 | 57,3 32,3 | 754
80-120-6 | 80|120| 6 |17,6 0,392 | 22,312240 | 4,38 | 73,0 | 89,7| 44,1|1350 | 2,290| 57,3 | 67,2 | 34,9 | 897
80-120-7 | 80|120| 7 |204 0,392 | 19,2]12590 | 4,97 | 82,8 | 103 | 43,7|1560 | 2,580| 64,5 | 76,6 | 31,5 | 1040
60-140-3 | 60[140| 3 | 9,02 0,392 | 435[1150 | 2,89 | 41,3 | 51,6] 50,1] 805 0,761] 25,4 [ 28,3 [ 25,7 | 345
60-140-4 | 60| 140| 4 [11,9 0,392 | 32,8]11520| 3,75 | 53,6 | 67,5 49,6/1060 | 0,973| 32,4 | 36,8 | 253 | 456
60-140-5 | 60| 140| 5 |14,8 0,392 | 26,5]1880 | 4,57 | 652 | 828| 49,2|1320| 1,17 [ 38,9 | 44,8 | 24,8 | 564
60-140-6 | 60|140| 6 |17,6 0,392 | 22,312240| 533 | 76,2 | 97.4| 48,7|1570 | 1,34 44,7 | 52,3 | 24,4 | 672
60-140-7 | 60|140| 7 |204 0,392 | 25912590 | 6,05 | 86,5 | 111 | 48,2|1810 | 1,50 [ 49,9 [ 59,3 | 24,0| 777
50-150-3 | 50 [150| 3 | 9,02 0,392 | 4351150 | 3,11 | 41,5 53,2] 52,0 863 ] 0,540] 21,6 | 24,1 [216| 288
50-150-4 | 50 |150| 4 |11,9 0,392 | 32,8]11520| 4,04 | 539 | 692 51,5/1140| 0,685| 27,4 | 31,1 [21,2| 380
50-150-5 | 50| 150 | 5 |14,8 0,392 | 26,5]1880 | 4,92 | 655 | 85,3| 51,0{1410| 0,815| 32,6 | 37,8 | 20,8 | 470
50-150-6 | 50|150| 6 |17.6 0,392 | 22,3|2240| 5,74 | 76,5 | 100 | 50,5/1680 | 0,931| 37,3 | 43,9 [ 20,3 | 560
50-150-7 | 50|150| 7 |204 0,392 | 19,2]12590 | 6,52 | 86,9 | 114 | 50,1]1940| 1,03 | 41,3 | 49,7 [199| 648
100-120-4 [100[120| 4 [12,9 0,423 32,8[1650| 3,63 | 60,5 71,5[ 46,9 899 2,73 [ 54,6 [ 63,0 [ 40,7 | 751
100-120-5 | 100|120 | 5 | 16,0 0,423 | 26,4]2040| 4,42 | 736 | 87,8| 46,5/1110| 3,32 | 66,3 | 77,3 [ 40,3 | 928
100-120-6 |100|120| 6 |19, 0,423 | 22,212430| 5,16 | 86,0 | 103 | 46,0/1320| 3,87 | 77,3 | 90,9 | 39,8 | 1110
100-120-7 [ 100|120 | 7 |22,1 0,423 | 19,1]12810| 5,86 | 97,7 | 118 | 45,6|1530 | 4,38 [ 87,6 | 104 |39,4 | 1280
100-120-8 | 100|120 | 8 ]| 25,1 0,423 | 16,913190| 6,53 | 109 | 132 | 4522|1740 4,86 | 97,3 | 116 [ 39,0 | 1450
continued
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STEEL STRUCTURES WORKED EXAMPLES

RECTANGLE Y
CROSS SECTIONS
 E——
continued
painting surface per
Cross Dimensions m |t 'en%t;s:nd unit Geometric properties
section TP T h [ b | KoM A L | Wayl Wor| 4y | Ay | L | Werr ] Woie| & | Avs
mm | mm| mm mm? | mm* | mm*| mm?| mm mm* | mm®| mm®| mm
m*/m | m¥T (x10%)] (x10°)| (x10°) mm’ | (x10%| (x10%)| (x10°) mm’
80-140-4 801140]| 4 12,9 0,423 32,811650 | 4,49 64,2 78,4 52,2[1050 | 1,87 | 46,7 52,9| 33,6 601
80-140-5 801140] 5 16,0 0,423 26,412040 | 548 78,2 95,3 51,7[{1300| 2,26 | 56,4 64,8 33,2 743
80-140-6 80]1140]| 6 19,1 0,423 22,212430| 6,41 91,6 113 51,3/1550 | 2,62 | 65,5| 76,0| 32,8 885
80-140-7 801140 7 22,1 0,423 19,112810| 7,29 104 130 50,8/1790 | 2,95 73,9| 86,8| 32,3 [ 1020
80-140-8 80]1140]| 8 25,1 0,423 16,913190 | 8,12 116 145 50,4]12030 ) 3,26 | 81,6| 97,0| 31,9 [ 1160
70-150-4 701150| 4 12,9 0,423 32,811650 | 4,89 62,3 81,2 54,5(1130| 1,47 | 41,9 47,3| 29,8 525
70-150-5 70]1150| 5 16,0 0,423 26,412040] 597| 79,6| 99,8| 54,0(1390| 1,77 [ 50,5 57,8]| 29,4 649
70-150-6 701150 6 19,1 0,423 22,212430| 6,97 93,1 117 53,5/1640 | 2,04 | 58,4 | 67,7| 28,9 773
70-150-7 701150 7 22,1 0,423 19,112810 | 7,95( 106 134 53,111920| 2,30 | 65,6| 77,1| 28,5 894
70-150-8 70]1150] 8 25,1 0,423] 16,913190| 8,86| 118 151 52,6/2180 | 2,53 | 72,3 86,1|28,1] 1010
60-160-4 60]1160| 4 12,9 0,423 32,81650 ] 5,26| 65,8| 83,6| 56,5(1200| 1,10 [ 36,6 41,2| 25,8 450
60-160-5 601160 5 16,0 0,423 26,412040| 6,42 80,2| 102 56,0/11480 | 1,32 | 43,9| 50,3| 254 557
60-160-6 60]1160]| 6 19,1 0,423 22,212430| 7,51 93,9 121 55,5/1770 | 1,52 | 50,5| 58,8| 24,9 663
60-160-7 60]160]| 7 22,1 0,423 19,112810| 8,55 107 138 55,112040 | 1,70 | 56,5| 66,8| 24,5 767
60-160-8 60]1160| 8 25,1 0,423 16,913190 | 9,53 119 155 54,612320 ) 1,86 | 61,9| 74,3]| 241 871
100-140-4 | 100|140 4 |14,4 0,471 32,711830| 5,23 74,8 89,2 53,4(1070| 3,10 | 62,0 70,7 41,1 763
100-140-5 | 1001140} 5 17,9 0,471 26,312277 ]| 6,39| 91,3| 109 529(1330 | 3,77 | 75,4 86,8| 40,6 950
100-140-6 | 100|140} 6 21,3 0,471 22,112710| 7,49( 107 129 52,5/1580 | 4,40 | 87,9| 102 40,2 [ 1130
100-140-7 | 100140 7 |24,7 0,471 19,013140 | 8,53| 122 148 52,011830 ] 4,99 99,8 117 39,8 | 1310
100-140-8 | 100140 8 28,0 0,471 16,813540| 9,52| 136 167 51,6/2060 | 5,54 [111 131 39,4 | 1490
100-140-9 | 100|140 9 31,3 0,471 15,013990 | 10,4 | 149 184 51,212330 ] 6,06 [121 145 38,9 | 1660
90-150-4 90| 150| 4 14,4 0,471 32,711830| 5,75 76,6 92,8 55,9(1140| 2,59 | 57,5 65,0 37,5 686
90-150-5 901150 5 17,9 0,471 26,312277 | 7,02| 93,6| 114 56,5/1430 | 3,14 | 69,8 79,8| 37,1 855
90-150-6 901150 6 21,3 0,471 22,112710| 8,23( 110 135 55,011690 | 3,66 | 81,2| 93,9| 36,6 [ 1016
90-150-7 90| 150 7 | 24,7 0,471 19,013140 | 9,38( 125 155 54,611960 | 4,14 | 91,9( 107 36,2 | 1180
90-150-8 901150 8 128,0 0,471 16,8]13540 10,5 | 140 174 54,112230 | 4,59 (102 120 35,8 | 1340
90-150-9 901150 9 31,3 0,471 15,013990 | 11,5 | 154 193 53,712490 ] 5,01 (111 133 35,4 | 1500
80-160-4 80|160| 4 14,4 0,471 32,711830| 6,24 77,9 96,1 58,2[1220| 2,10 | 52,5 59,0( 33,8 609
80-160-5 801160 5 17,9 0,471 26,3)12277 | 7,62 952( 118 57,8/1520 | 2,54 | 63,5| 72,3]| 33,3 759
80-160-6 801160| 6 21,3 0,471 22,112710| 8,94 | 112 140 57,311810 | 2,95 | 73,7| 84,9]| 32,9 902
80-160-7 880|160 7 |24,7 0,471 19,013140 10,2 | 127 160 56,9/12090 | 3,33 | 83,2| 97,0| 32,5 1050
80-160-8 80]1160| 8 28,0 0,471 16,8]13540 | 11,4 | 142 180 56,412380 ] 3,68 92,0 109 32,11 1190
80-160-9 80]1160| 9 31,3 0,471 15,013990 | 12,5 | 156 199 56,012650 | 4,01 [ 100 120 31,7 | 1320
70-170-4 701170 4 14,4 0,471 32,711830| 6,69| 78,7| 99,0| 60,3(1300] 1,64 | 46,9 52,6 29,9 534
70-170-5 701170 5 17,9 0,471 26,312277 | 8,18 96,2 122 58,911610 | 1,98 | 56,5| 74,3| 29,4 665
70-170-6 701170 6 |21,3 0,471 22,112710| 9,59( 113 144 59,411920 | 2,29 | 654| 75,4 29,0 791
70-170-7 7001170 7 24,7 0,471 19,013140 10,9 [ 129 165 58,912220 | 2,58 | 73,0 859( 28,6 916
70-170-8 701170| 8 128,0 0,471 16,8]13540 |12,2 | 144 186 58,5/2530| 2,83 | 81,1 95,0( 28,2 | 1040
70-170-9 701170 9 131,3 0,471 15,013990 | 13,4 | 158 205 58,0/12830 ] 3,08 | 87,9| 105 27,7 | 1170
100-150-4 | 1001150 4 14,9 0,485 32,6 11900 | 6,17 | 82,3| 98,7| 57,0(1140 | 3,29 | 65,7 74,5| 41,6 760
100-150-5 | 1001150 5 |18,5 0,485 26,312360| 7,54 101 122 56,5/1420 ] 3,99 79,9| 915|411 944
100-150-6 | 100 150] 6 |22,0 0,485] 22,012810| 8,85 118 144 56,111690 | 4,66 | 93,3 | 108 40,7 | 1120
100-150-7 | 1001150 7 |25,5 0,485 19,013250 |10,1 [ 135 165 55,6/1950 | 5,29 | 106 124 40,3 | 1300
100-150-8 | 1001150 8 29,0 0,485 16,7]13690 | 11,3 [ 150 185 55,212210 ] 5,88 (118 139 39,8 | 1480
100-150-9 | 100]150] 9 |32,4 0,485 15,014130]12,4 | 165 205 54,8|12480 | 6,43 [ 129 153 39,4 | 1650
90-160-4 901160 4 1149 0,485 32,6 11900 | 6,72 84,0| 102 59,5|11220| 2,74 | 60,8| 68,5| 37,9 684
90-160-5 901160| 5 |18,5 0,485 26,3]12360| 8,22 103 126 59,011510 | 3,32 | 73,8| 84,0| 37,5 849
90-160-6 90| 160| 6 |22,0 0,485] 22,012810| 9,65( 121 149 58,6/1800 | 3,87 | 85,9| 98,9| 37,1 1010
90-160-7 901160 7 |25,5 0,485 19,013250 | 11,0 [ 138 171 58,112080 | 4,38 97,3| 113 36,6 | 1170
90-160-8 901160| 8 29,0 0,485 16,7]13690 | 12,3 | 154 192 57,712360 | 4,86 (108 127 36,2 | 1330
90-160-9 90| 160] 9 324 0,485 15,014130]13,5 | 169 213 57,2]12640 ] 5,30 [118 140 25,8 | 1490
continued
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL
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painting surface per
Cross Dimensions unit 'e"rgn‘QS:nd unit Geometric dimensions
section =TT ¢ y AL T Wy | Wiy | iy [ A | k[ Weiz | Woig| i | Aue
mm | mm | mm mm® | mm* | mm’| mm’| mm mm* | mm’| mm’| mm

Kam | mym | mir (x10%| (x10%)| (x10%) mm? | (x10%] (x10%)| (x10%) mm

80-170-4 80170 4 14,9 0,485] 32,6 |1900 | 7,24 85,2| 106 61,7(1290 | 2,21 | 55,4 62,0 34,1 608
80-170-5 801170 5 18,5 0,485| 26,3]2360 | 8,86( 104 130 61,3(1600| 2,68 | 67,0 76,0| 33,7 | 755
80-170-6 80|170] 6 22,0 0,485] 19,012810 |10,4 | 122 154 60,8/1910 | 3,11 | 77,8| 89,4 33,2 899
80-170-7 80170 7 25,5 0,485 16,7 |3250 | 11,9 | 140 176 60,3(2210 | 3,52 | 87,9( 102 32,8 | 1040
80-170-8 801170 8 29,0 0,485 16,7 | 3690 | 13,3 | 156 199 59,9(2510 | 3,09 | 97,2( 114 32,41 1180
80-170-9 80]170] 9 32,4 0,485] 15,014130 114,6 | 172 220 59,4/2810 | 4,23 | 106 126 32,0 | 1320
70-180-4 701180 4 14,9 0,485 32,6 |1900| 7,72 85,8| 109 63,8(1410 | 1,72 | 49,3 55,2 30,1 550
70-180-5 701180 5 18,5 0,485| 26,3]2360 | 9,45 105 134 63,3[1700 | 2,08 | 59,5 67,5(29,7| 661
70-180-6 701180 6 22,0 0,485] 22,012810 | 11,1 | 123 158 62,8/2020 | 2,41 | 68,9 79,2(293 | 787
70-180-7 701180 7 25,5 0,485] 19,03250 12,7 | 141 181 62,4(2340| 2,71 | 77,5 90,3|28,8| 910
70-180-8 701180 8 29,0 0,485 16,7 | 3690 | 14,2 | 157 204 61,9/2660 | 2,99 | 85,5| 101 28,4 | 1030
70-180-9 701180] 9 32,4 0,485] 14914130 1156 | 173 226 61,4{2970 ] 3,24 | 92,7 | 111 28,0 | 1160
120-150-4 | 120|150 4 15,9 0,518 32,6 |2020 | 7,02| 93,6| 110 58,9(1120 | 4,97 | 82,9 946|495 | 897
120-150-5 | 1201150 5 19,7 0,518 26,2|2510 ] 8,59]| 115 136 58,4 1400 | 6,07 | 101 117 1 49,1 | 1120
120-150-6 | 1201150 6 23,5 0,518 | 22,0 3000 10,1 | 135 161 58,0(1110 | 7,11 | 119 138 | 48,7 | 1330
120-150-7 | 120150} 7 27,3 0,518 19,013470 | 11,5 | 154 185 57,6/1930 | 8,10 | 135 158 | 48,2 | 1540
120-150-8 | 1201150 8 31,0 0,518 16,7 |3950 | 12,9 | 172 208 57,112200 | 9,03 | 151 178 | 47,8 | 1750
120-150-9 | 1201150 9 34,6 0,518 15,014410 114,2 | 189 231 56,7(2450 | 9,92 | 165 197 | 47,4 | 1960
100-170-4 | 100 170] 4 |159 0,518 32,6 |2020 | 8,34 98,1| 119 64,2(1270| 3,65 | 73,0 822|424 | 747
100-170-5 | 1001170 5 | 19,7 0,518 26,2 2510 110,2 | 120 147 63,7(1580 | 4,44 | 88,9| 101 42,0 | 929
100-170-6 | 100 170] 6 |23,5 0,518 22,0 3000 |112,0 | 141 173 63,3(1890 | 5,19 | 104 119 41,6 | 1110
100-170-7 | 100170} 7 |27,3 0,518 19,03470 | 13,7 | 162 199 62,8/2190 | 5,89 | 118 137 |1 41,1 (1280
100-170-8 | 100 170] 8 |31,0 0,518 16,7 13950 1154 | 181 224 62,412490 | 6,56 [ 131 153 | 40,7 | 1460
100-170-9 | 100]170] 9 | 34,6 0,518] 14,914410116,9 | 199 249 61,9(2780 | 7,18 | 144 169 |40,3 | 1630
90-180-4 901180 4 15,9 0,518 | 32,6 12020 | 8,96 99,6| 123 66,5(1350 | 3,03 | 67,3 75,3|38,7| 673
90-180-5 90180 5 19,7 0,518 26,2 2510 | 11,0 | 122 151 66,1|1670 ] 3,68 | 81,8 92,5(38,2 | 836
90-180-6 90180 6 |235 0,518 22,0 3000 12,9 | 144 179 65,6(2000 | 4,29 | 95,3 109 37,8 1 999
90-180-7 90180 7 27,3 0,518 29,03470 114,8 | 164 205 65,1(2310 | 4,86 | 108 125 | 37,4 (1160
90-180-8 90180 8 31,0 0,518 16,7 |3950 | 16,5 | 184 231 64,7(2640 | 5,39 | 120 140 36,9 | 1320
90-180-9 90| 180] 9 ]134,6 0,518 14,914410120,5 | 205 269 68,2|13270 | 5,89 | 131 155 36,5 | 1470
70-200-4 701200] 4 15,9 0,518 | 32,6 2020 | 10,1 | 101 129 70,6(/1500| 1,90 | 54,3 60,4| 30,6 | 523
70-200-5 701200 5 19,7 0,518 26,2|2510 |12,4 | 124 159 70,1(1860 | 2,29 | 656 74,0| 30,2 | 650
70-200-6 70|200] 6 |235 0,518 22,0 3000 | 14,6 | 146 188 69,1(2220 | 2,65 | 759 86,8| 29,7 | 777
70-200-7 701200 7 27,3 0,518 19,0|3470 16,6 | 166 216 69,1(2470| 2,99 | 855 99,1(29,3| 894
70-200-8 7012001 8 31,0 0,518 | 16,7 | 3950 | 18,6 | 186 243 68,7(2930 | 3,30 [ 94,3| 111 28,9 | 1020
70-200-9 701200] 9 1346 0,518 14,914410120,5 | 205 269 68,2|13270 | 3,58 | 102 122 28,5 | 1140
120-160-4 |120)1160] 4 | 16,9 0,548 32,5(2150 | 8,18] 102 121 61,7(1230 | 5,24 | 87,4 99,3|49,4 | 922
120-160-5 | 1201160] 5 |21,0 0,548 26,2 2670 | 10,0 | 125 149 61,2( 1520 | 6,40 | 107 122 | 48,9 | 1150
120-160-6 | 1201 160] 6 |25,0 0,548 21,913190 | 11,8 | 147 177 60,8(1820 | 7,50 | 125 144 | 48,5 | 1370
120-160-7 |120)1160) 7 |29,0 0,548 18,93600 13,5 | 168 203 60,3(2070 | 8,54 | 142 166 | 48,1 | 1560
120-160-8 | 1201 160] 8 |32,9 0,548 16,6 | 4200 | 15,1 | 189 229 59,9(2400 | 9,54 | 159 187 | 47,6 | 1800
120-160-9 | 120]1160] 9 | 36,8 0,548 14,914690 |16,6 | 208 254 59,5(2700 | 10,5 |176 [ 207 | 47,2 | 2010
100-180-4 | 100180 4 |16,9 0,548 32,5(2150 | 9,58 107 130 66,7(1380 | 3,83 | 76,7 86 42,2 | 768
100-180-5 | 100180 5 |21,0 0,548 26,2 12670 111,8 | 131 160 66,3(1720 | 4,67 | 93,4 106 |41,8| 953
100-180-6 | 100 180] 6 |25,0 0,548 21,913190 113,8 | 154 189 65,8/2050 | 5,45 (109,1( 125 | 41,3 | 1140
100-180-7 | 100180 7 |29,0 0,548 18,9 3600 15,8 | 176 218 65,4(2370 | 6,20 | 124 143 | 40,9 | 1320
100-180-8 | 100 180] 8 |32,9 0,548 16,6 | 4200 | 17,7 | 197 245 64,9(2700 | 6,89 | 137 161 40,5 [ 1500
100-180-9 | 100]180] 9 | 36,8 0,548 14,914690 19,5 | 217 272 64,5/3020 | 7,55 | 151 178 |40,1 | 1670
continued
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STEEL STRUCTURES WORKED EXAMPLES
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pai_nting surface per
Cross Dimensions unitlength and unit Geometric properties
section b h t anm , 5 A , Iy , We"}é WP’:]& iy AV:.VZ Iz . Wel,zs Wpl,zs iz Av,z
mm | mm | mm]| "9 m/m | mYT | mm* | mm” | mm’ | mm”| mm | mm" | mm" | mm> | mm>[ mm
(x10%)| (x10%) |(x10%) (x10° | (x10°) | (x10%) mm?

80-200-4 80 | 200
80-200-5 80 | 200
80-200-6 80 | 200
80-200-7 80 | 200
80-200-8 80 | 200
80-200-9 80 | 200

16,9 0,548 | 32,5 | 2150f 10,9| 109| 136| 71,1 1540| 2,56 64,0 71,1 34,5 615
21,0 0,548 | 26,2 | 2670f 13,3| 133| 168| 70,6/ 1910 3,10 77,5 87,2 34,0 764
25,0 0,548 | 21,9 | 3190} 15,7 157| 199 70,1 2280| 3,60 90,1| 103 | 33,6 912
29,0 0,548 | 18,9 | 3690| 17,9| 179| 229| 69,6/ 2630| 4,07 102 117 | 33,2| 1060
32,9 0,548 | 16,6 | 4200f 20,1| 201| 258| 69,2 3000| 4,51 113 131 | 32,7| 1200
36,8 0,548 | 14,9 | 4690] 22,2| 222| 287( 68,7 3350] 4,91] 123] 145 | 32,3| 1340

140-180-5 | 140 | 180
140-180-6 | 140 | 180
140-180-7 | 140 | 180
140-180-8 | 140’ | 180
140-180-9 | 140|180

24,0 0,626 | 26,1 | 3060] 14,8| 165| 195| 69,5/ 1720| 10,0 143 | 164 | 57,2| 1340
28,7 0,626 | 21,8 | 3660] 17,5| 194| 231| 69,1 2060| 11,8 169| 194 | 56,8 1600
33,3 0,626 | 18,8 | 4240] 20,0| 222| 266| 68,6/ 2390| 13,5 193] 223 | 56,3| 1850
37,9 0,626 | 16,5 | 4830] 22,5| 250| 300| 68,2 2720| 15,1 216| 252 | 55,9( 2110
42,4 0,626 | 14,8 | 5400] 24,8| 276| 334| 67,7| 3040] 16,6 238 | 279 | 55,5| 2360

120-200-5 | 120 | 200
120-200-6 | 120 | 200
120-200-7 | 120 | 200
120-200-8 | 120 | 200
120-200-9 | 120 | 200

24,0 0,626 | 26,1 | 3060] 17,1 171 207| 74,7) 1910 7,72| 129 145 | 50,2| 1150
28,7 0,626 | 21,8 | 3660| 20,2| 202| 246| 74,3| 2290| 9,06 151 172 | 49,7| 1370
33,3 0,626 | 18,8 | 4240 23,2| 232| 283| 73,8/ 2650| 10,3 172 198 | 49,3| 1590
37,9 0,626 | 16,5 | 4830] 26,0| 260| 320| 73,4 3020} 11,6 193] 198 | 48,9| 1810
42,4 0,626 | 14,7 | 5400 28,8| 288| 355| 72,9] 3380} 12,7 212| 247 | 48,5/ 2030

150-200-5 | 150 | 200
150-200-6 | 150 | 200
150-200-7 | 150 | 200
150-200-8 | 150 | 200
150-200-9 | 150 | 200

26,4 0,686 | 26,0 | 3360] 20,0| 200| 237| 77,0 1920| 12,8 171) 194 | 61,7| 1440
31,5 0,686 | 21,8 | 4010] 23,6| 236| 281| 76,6/ 2290| 15,1 201| 230 | 61,2 1720
36,6 0,686 | 18,7 | 4660) 27,1| 271| 324| 76,2 2660} 17,3 230| 265 | 60,8( 2000
41,6 0,686 | 16,5 | 5300] 30,4| 304| 366| 76,2| 3030} 19,4 258 299 | 60,4 2270
46,6 0,686 | 14,7 | 5940] 33,7| 337| 407| 75,3| 3390| 21,4 249 | 332 | 59,9| 2550

100-250-5 | 100 | 250
100-250-6 | 100 | 250
100-250-7 | 100 | 250
100-250-8 | 100 | 250
100-250-9 | 100 | 250

26,4 0,686 | 26,0 | 3360] 26,5| 212| 267| 88,8 2400| 6,25 125( 139 | 43,1 961
31,5 0,686 | 21,8 | 4010f 31,3| 251| 316| 88,3 2860| 7,31| 146 164 | 42,6/ 1150
36,6 0,686 | 18,7 | 4660] 36,0 288| 365( 87,8/ 3330| 8,32| 166| 189 | 42,2 1330
41,6 0,686 | 16,5 | 5300| 40,5| 324| 413| 87,4 3780 9,27 186 212 | 41,8| 1520
46,6 0,686 | 14,7 | 5940] 44,9| 359| 459| 86,9] 4240] 10,2 203 | 235 | 41,3/ 1700

150-250- 5 | 150 | 250
150-250- 6 | 150 | 250
150-250- 8 | 150 | 250
150-250-10 | 150 | 250
150-250-12 | 150 | 250

30,0 0,780 | 26,0 | 3870 32,8| 263| 319| 92,7| 2420| 15,0 200 225 | 62,6( 1450
35,7 0,780 | 21,8 | 4550 38,6| 309| 376| 92,1 2840| 17,6 234|265 | 62,1 1710
46,7 0,780 | 16,5 | 5950 49,2| 394| 485| 91,01 3720| 22,3 298| 342 | 61,2| 2230
57,2 0,780 | 13,3 | 7290] 58,8| 470| 586( 89,8| 4560| 26,5 354| 412 | 60,3| 2730
67,4 0,780 | 11,1 | 8580) 67,4| 539| 680| 88,6/ 5360| 30,3 404 | 477 [ 59,4| 3220

100-300- 5 | 100 | 300
100-300- 6 | 100 | 300
100-300- 8 | 100 | 300

30,0 0,780 | 26,0 | 3370] 40,4| 269| 347|103 | 2900| 7,20 144 159 | 43,4| 968
35,7 0,780 | 21,8 | 4550| 47,4| 316| 407|102 | 3410]| 8,37 168| 187 | 42,9| 1140
46,7 0,780 | 16,5 | 5950 60,3| 402| 527|100 | 4460| 10,5 210| 239 | 42,0 1490

O[S POUOOND N[O OND N[O ®ENDUNO© NGO ®ND O

100-300-10 | 100|300 | 10 | 57,2 0,780 | 13,3 | 7290) 71,8| 479| 636| 99,2| 5470| 12,3 247 | 287 | 41,1 1820
200-300- 6 | 200|300 | 6 45,1 0,979 | 21,7 | 5750] 73,3| 489| 585(113 | 3450| 39,4 394 | 444 | 82,8( 2300
200-300- 8 | 200|300 8 59,2 0,979 | 16,4 | 7550] 94,4| 629| 760|112 | 4530| 50,6 506 | 577 | 81,9( 3020
200-300-10 | 200|300 | 10 | 72,9 0,979 | 13,2 | 9290|114 759 926(111 5570| 60,9 609 | 702 | 81,0 3720
200-300-12 | 200 {300 | 12 | 86,2 0,979 | 11,1 ]11000]132 879 1080{110 | 7200) 70,3 703 | 819 | 80,0( 4800
200-400- 8 | 200 (400 8 71,8 1,17 | 16,3 | 91501191 953 1180(144 | 6100| 65,4 654 | 730 | 84,6( 3050

200-400-10 | 200 |400| 10 | 88,6 1,17 | 13,1 |11300)231 1160 | 1440(143 | 7530 79,0 790 892 | 83,6( 3770

200-400-12 | 200 | 400 | 12 | 105 1,17 | 11,0 |13400J270 1350 1690(142 | 8930| 91,6 920 (1040 | 82,7 4470
200-400-14 | 200|400 | 14 | 121 1,17 9,46 |15400)305 1530 ( 1930{141 [10300]103 1030 {1190 | 81,8/ 5130
300-400- 8 | 300 (400 8 84,4 1,37 | 16,2 |10700)252 1260 | 1490(153 | 6110|163 1080 (1230 |123 | 4580
300-400-10 | 300 [ 400 | 10 | 104 1,37 | 13,0 |13300J307 1540 ( 1830(152 | 7600|198 1320|1510 |122 | 5700
300-400-12 | 300 (400 | 12 | 124 1,37 | 10,9 |15800}360 1800 | 2160(151 9030 |231 1540 (1770 |121 | 6770
300-400-14 | 300 [ 400 | 14 | 143 1,37 9,4 118200}409 2050 | 2470|150 |[10400 |263 1750 {2030 |120 | 7800
300-500- 8 | 300|500 8 96,9 1,57 | 16,2 |12300}429 1720 | 2070(187 | 7690|197 1310 (1460 |126 | 4610
300-500-10 | 300 (500 | 10 | 120 1,57 | 13,0 |15300}525 2100 | 2540|185 | 9560240 1600 (1800 |125 | 5740
300-500-12 | 300 | 500 | 12 | 143 1,57 | 10,9 |18200)617 2470| 3010|184 |[11400 ]281 1870 (2120 |124 | 6830
300-500-14 | 300 (500 | 14 ] 165 1,57 9,37 |21000)704 2820 3450|183 [13100}320 21302430 123 | 7870
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CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

1.1. MECHANICAL PROPERTIES OF A BUILT-UP CROSS-SECTION [ ]

Given the geometrical properties of the UPN 200 cross-section, it is requested
to determine the following mechanical properties of the built-up cross section
shown in the Figure:

a) Second moments of area about y and z axes (/, and /,)

b) Radii of gyration about y and z axis (i, and i)
b) Elastic section moduli about y and z axes (We;y y Wez)
c) Plastic section moduli about y and z axes (W, y Wpi2)

V4

UPN 200 =
| A = 3.220 mm? *Eﬁtw Hm.e
|

y
240
Y l,=19,1-10° mm* L
- I, =1,48-10° mm* —
- =Y
—200 ys = 20,17 mm ®

a) Second moments of area (or moments of inertia)

Sy . 20,14
Considering the parallel axis theorem also named ———

Steiner’s theorem: 99,5{ j \
l, :2-(1,48-106+3.220-99,92) =67.231.264,4mm* =

~67,23-10° mm"* |

|, =2-19,1-10°= 38.200.000 mm*=38,2-10° nm*

b) Radii of gyration

I 10°
i :\E: 67.23-10° _ 46517 mm
yTVA T\ 32202
. 6
iZ:\/EZ M:77’01mm
A 132202
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STEEL STRUCTURES WORKED EXAMPLES

c) Elastic section moduli

] ]

/ .

w,, =~ 67,2310 _ 560950 st = 560-10° 1201
Tz 120

w,, = _38210"_ 365 000 = 382-10° i
=y

s
_

d) Plastic section moduli

Plastic section modulus about y axis is two times the
first moment of area of one half of the section about
that axis (Sy)

The same procedure can be applied for the plastic

Axis y

W, =2-S, L

S, =3.220-99,9=321.678 mnt

W, =2-321678=643356mm =643-10° mn?

pLy

V4
section modulus about z axis. %%
99,91
V4

AXis z

]
_ |

w,,=2S, %

pl,z
S,=2- &220 .70,8=227.976 mm’®

W, =2.227976=455952mm ~455.-10° mn?

ply

44




CHAPTER 1. STEEL AS STRUCTURAL MATERIAL

1.2. BUILT-UP CROSS-SECTION MECHANICAL PROPERTIES T

Given the IPN 300 and the UPN 180 cross-section geometrical properties,

z IPN 300 UPN 180
. A = 6.900 mm? A = 2.800 mm?
i I, = 98-10° mm"* l,=13,5-10° mm*
y I,=4,51-10° mm* l,=1,14-10° mm*
Wy =12210° mm® W, = 179-10° mm®
— Vs ty = 10,8 mm ys=19,2mm
ty =8 mm
Determine, for the built-up cross section in the Figure, the z
following mechanical properties of the built-up cross-section S\ UPN 180

shown in the Figure:
y

a) Position of the centre of mass

b) Second moments of area about y and z axes (/, and /) 1PN 300

c) Radii of gyration about y and z axis (i, and i)
d) Elastic moduli of the cross-section about y and z axis We;, y We,,

e) Plastic moduli of the cross-section abouty and z Wy, y Wy,

a) Position of the centre of gravity

The sum of the first moment of area of both sections must be equal to the
moment of area of the built-up section.

For the sake of simplicity, it is advisable to refer this equilibrium condition to
the top edge of the built-up cross-section.

z

Considering the distances to the centre of gravity of 192# A—t—n 48
each cross-section (758 mm for the IPN and 19.2 % | el {150
mm for the UPN) the above mentioned equilibrium cdgT
condition is: cogt y Y
(150+8)-6.900+19,2-2.800=(6.900+2.800) - z,
IPN UPN —{—

45
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