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1. Cross-sections

1.1 Theoretical background

The ConSteel software uses three cross-sectional models:

e Solid Section Model (GSS)

e Elastic Plate Segment Model (EPS)

e Plastic Plate Region Model (PPR)
Cross-sectional properties are computed on these cross-sectional models. The elastic
properties given by the GSS model are used in the Analysis module, while the elastic
properties given by the EPS and the plastic properties given by the PPR model are used in the
Design module of the ConSteel software.

The theoretical background of the GSS model and the computation of the cross-sectional
properties are published in the following textbook:

» PILKEY, D.W.: Analysis and Design of Elastic Beams: Computational Methods,
Wiley, 2002, ISBN:978-0-471-38152-5, pp.153-166
(http://eu.wiley.com/WileyCDA/WileyTitle/productCd 0471381527.html)

The theoretical background of the EPS and PPR models and the computation of the relevant
cross-sectional properties are published in the following textbook and article:

» KOLBRUNNER, F.C. and BASLER, K: Torsion, Springer, pp. 96-128., Berlin 1966

> PAPP, F., IVANYI, M. and JARMALI, K.: Unified object-oriented definition of thin-walled steel beam-
column cross-sections, Computers & Structures 79, 839-852, 2001

The EPS model of the HEA300 hot-rolled section is illustrated in the Figure 1, the GSS
model is illustrated in the Figure 2.

Paint| v [mm] w [mm] t [mm] Attribute

l 0,0 [ 2830 l 14,0 l free edge, lower end free (hot-rolled)
.118,8 2830 140 plate without local buckling attribute
.150,0 2830 140 plate without local buckling attribute
.181,3 2830 14,0  free edge, greater end free (hot-rolled)
13000 (2830 00  dummy

11500 (2830 00  dummy

.150,0 2846 152 | plate without local buckling attribute
11500 |2480 85  web plate

.150,0 41,0 152 | plate without local buckling attribute
1500 |54 00  dummy

1500 (70 00  dummy

.300,0 7.0 140  free edge, lower end free (hot-rolled)
.181_3 7.0 14,0 plate without local buckling attribute
.150_0 7.0 14,0 plate without local buckling attribute
.118_8 7.0 14,0  free edge, greater end free (hot-rolled)
00 |70

[T BN T R RV, R S VI W

e
= o

%

[
= T

Fig.1 EPS model of the HEA300 section
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Paint |y [mm] 2 [mm] |V [mm] |2 from]
-E0,0 1450 -150,0 1450
-150,0 13,0 -150,0 1310
EEM 10 3,3 1310

1040 43 1040

040 43 14,0

-0 3,3 1340

13,0 -150,0 -131,0

1450 -150,0 -145,0

45,0 150,0  -145,0

13,0 [150,0 1340

-13L,0 35,3 -13L0

-S040 43 -104,0

1040 43 1040

15,0 3,3 13,0

*N
RGOS

13,0 150,0 1310
1450 150,0 1450
20,9 1289 20,9 1289
1231 12,2 1231

w -1z, 2
186 143 63 1143
20 63 1143 63 1143
21 122 471 -2z 41231
22 09 129 09 1289

25 20,9 1289 209 1283
24 122 -1z3,1 12,2 1231
25 63 1143 63 1143
26 63 1143 63 1143
2r 122 1231 (122|123,

Fig.2 GSS model of the HEA300 section

1.2 Cross sectional properties

The cross-sectional properties computed by the ConSteel software are checked in the
following Worked Examples (WE-01 to We-05).

WE-01: Elastic cross-sectional properties of hot rolled sections

Table 1 contains some common hot-rolled sections. The third column of the table shows the
elastic cross-sectional properties published in the Profil ARBED catalogue. The next columns
show the cross-sectional properties computed by the ConSteel software based on both the GSS
and the EPS models. The table shows the ratio of the properties given by the catalogue and by
the ConSteel software.

Tab.1 Elastic cross-sectional properties of hot rolled sections

section property product ConSteel
catalogue * GSS? 112 EPS°® 113
A [mm7] 11.250 11.311 | 099% 11.253 | 0,999
I, [mm*] | 182.600.000 | 183.495.496 | 099 | 182.553.772 | 1,000
HEA300* | I, [mm% | 63.100.000 | 63.111.171 | 099 | 63.000.002 | 1002
I, [mm?] 851.700 880.686 | 0.967 851.731 | 1,000
I, [mm®] | 1,200x10% | 1,173x10™ | 1023 1,200x10% | 1,000
A [mm7] 98.820 9.917 | 0.9% 9.882 | 1000
I, [mm*] | 337.400.000 | 338.882.704 | 099 | 337.349.907 | 1,000
IPE450* I, [mm*] | 16.760.000 | 16.765.473 | 1000 16.690.234 1,004
I, [mm?] 668.700 688.277 | 0972 668.740 | 1,000
I, [mm°%] 791,0x10° |  780,2x10° | 1014 791,0 x10° | 1,000
A [mm7] 3.520 3.475 | 1013 3475 | 0987
SHS l, [mnm* | 11.900.000 | 11.688.701 | 1018 | 11.651.937 | 102
150x6,3** | I, [mm‘] | 11.900.000 | 11.688.701 | 108 | 11.651.863 | 1021
I, [mm*] | 19.100.000 | 19.221.994 | 0994 [ 19.144.461 | 0998
I, [mm°] - | 38.710.832 0
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A [mm?] 4.210 4221 | 0997 4.185 1,006
l, [nm‘] | 23.900.000 | 23.699.446 | 1.008 23.087.091 1,035
CHS l, [mm*] | 23.900.000 | 23.699.383 | 1.008 23.086.742 1,035
219,1x6,3** | | [mm’] | 47.700.000 | 47.398.828 | 1006 45.572.785 1,047
I, [mm°] - 1 2
A [mm?] 2.271 2.273 | 0999 2.256 1,007
I, [mm‘] 3.280.000 3.270.741 | 1,003 3.322.336 0,987
L 100x12* | I, [mm‘] 854.200 856.647 | 0997 830.584 1,028
Iy [mm*] 110.790 120.086 | 0922 108.277 1,023
I, [mm°] - | 72.790.004 0

* Profil ARBED, October 1995
** Mannesmann-Stahlbau-Hohlprofile (MSH), Technische Information 1

Evaluation

The GSS model gives accurate results for the elastic cross-sectional properties used in
the Analysis, see Figure 3 for case of IPE450 section. The greatest deviations to the
values of the Profil ARBED catalogue can be found in the torsional properties, where the
maximum deviation is not more than 3,3% in I;, excepting the L 100x12 section where
it is 7,8% (it is mentioned that the I; of L section does not matter too much in the
analysis).

The EPS model is a simplified engineering model which gives approximated values
for the elastic cross-sectional properties used in the design, see Figure 4 for case of
IPE450 section. The greatest deviation to the values of the Profil ARBED catalogue is
3,5% in Iy and 4,7% in I; of the CHS219,1x6,3 section, (it is mentioned that I; of CHS
sections does not matter too much in the design).

Reference material 5 235 EN 10025-2 j
[=]| Basic properties

Wa 95,0 mm

M 225,0 mrm

) 0,0 degree

& 2917 mm?2

]

General properties in the principal axis system (y,z)
Iy 338 832 704 mm*
Iz 16 765 473 mm#

iy 184,9 mm

iz 41,1 mm

W Ty 1 506 145 mm3

Wz 176 479 mm3

W2y 1 506 145 mm3
z W2y 176 479 mm*

Fig.3 GSS model and the computed properties of the IPE450 section
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-I| Basic properties

‘:‘:qu:s Vs 95,0 mm
Ws 225,0 mm
a 0,0 degree
A 9 882 mm?
z -|| General properties in the principal axis system (y,z)
Iy 337 349 907 mm¢*
Pgc I 16 690 234 mm#
iy 184,8 mm
iz 41,1 mm
Wely 1499 333 mm?
Wiz 175 687 mm?
i Wiy 1499 333 mm?
Woalz 175 687 mm?
lfﬁ—ﬁ—liﬁi—lAE Wiy 1701 793 mm3
z Whlz 263 530 mm?

Fig.4 EPS model and the computed properties of the IPE450 section

WE-02: Elastic cross-sectional properties of cold formed sections

Table 2 contains some common cold-formed sections. The third column of the table shows the
inertia moment about the Y-Y global system given in the Lindab catalogue. The next columns
show the inertia moment computed by the ConSteel Software based on both GSS and EPS
models. The table shows the ratio of the properties given by the catalogue and by the ConSteel
Software.

Tab.2 Elastic cross-sectional properties of cold formed sections

section property Lindab ConSteel
catalogue * GSS? 172 EPS 3 173
Lindab Z200* Iy [mm*] 4.431.000 4.488.159 | 0987 4.636.548 | 0.956
2 mm
Lindab C150* ly [mm*] 1.262.000 1.273.452 | 0,991 1.332.359 | 0947
1,5mm

* Lindab Construline, Technical information - Z-C-U sections (in Hungarian)

z

Reference material |5 235 EM 100252

[=l| Basic properties

Vs 71,1 mm

W 97,9 mm
r4 ) -18,4 degres
A 740 mm?

]

General properties in the principal axis systen

I, 4 950 796 mm#

I. 327 793 mm#

iy 81,8 mm
iz 21,0 mm

Wy 42 416 mm3
Wz 8 544 mm?
W2y 43 432 mm ¥
W2aa 7 500 mm 3
7| General properties in the section edit system
Iy 4 4858 159 mm#
Iz 790 430 mm#
Ivz 1387 349 mm*

Fig.5 GSS model and the computed Iy property of the Z200-2mm cold formed section
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Basic properties

e

71,1 mm

e

97,9 mm

o

-18,5 degres

A

755 mm2

General properties in the principal axis system (y,z)

1y

5118 313 mm*

Iz

343 704 mm*

1 iy 2,3 mm

) i 21,3 mm

) Wiy 43 470 mm?
Wiz 7 891 mm?
W2y 44 469 mm?
Wz 3 986 mm?
Woly 55 862 mm?
W pla 13 809 mm?

[=l| General properties in the section edit system translated to th

Iy 4 636 548 mm*
Iz 825 469 mm*
Ivz 1 438 104 mm#

Fig.6 EPS model and the computed Iy property of the Z200x2mm cold formed section

Evaluation

The GSS model (see Figure 5) provides accurate result for the cold formed cross-
sectional property. The EPS model (see Figure 6) is a simplified engineering model
where the radiuses of the cross-sectional corners are neglected. This approximation
results in 5-6% deviation to the exact values.
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WE-03: Plastic cross-sectional properties of hot rolled and welded sections

Table 3 contains some common hot rolled and welded sections. The third column of the table
shows the plastic cross-sectional modulus given by the Lindab catalogue. The next columns
show the Wy, and W, properties computed by the ConSteel software based on the PPR
model (which is generated from the EPS model automatically). The last column of the table
shows the ratio of the properties given by the catalogue and by the ConSteel software.

Tab.3 Plastic cross-sectional properties of hot rolled and welded sections

section property catalogue * ConSteel
/theory PPR 2 12
HEA450* W,y [mm?] 3.216.000 3.215.868 | 1,000
W, [mm’] 965.500 945.000 | 1022
IPE450* Wiy [mm?] 1.702.000 1.701.793 | 1,000
W, [mm?] 276.400 263.530 | 1049
UAP250* Wory [mm?] 391.800 384.325 | 1019
Wi, [mm?] 87.640 86.303 | 1015
Wi, [mm®] 900.000 900.000 | 1.000
SHS250x6,3*** | W,y [mm’] 544.095
W, [mm®] 544.094
CHS329x6,3*** W,y [mm?] 623.277
W, [mm?] 623.273
W1** W,y [mm?] 2.077.000 2.077.440 | 1,000
flange: 240-16 3 1.000
web: 400-12 Wiz [mm?] 460.800 460.800
W2** W,y [mm?] 6.840.000 6.840.000 | 1.000
flange: 300-20
web: 800-12

* Profil ARBED, October 1995
** double symmetric welded | section
*** Mannesmann-Stahlbau-Hohlprofile (MSH), Technische Information 1

Evaluation

The PPR model (which is generated from the EPS model automatically) gives
approximated numerical result for the plastic cross-sectional modulus of cross-
sections. The maximum deviation of the computed values to the exact results is less
than 2-3%, excepting the W, property where the effect of the neck area is
considerable (for example in case of IPE450 the deviation is 4,9% for the safe).

WE-04: Effective cross-sectional area

Figure 7 shows a double symmetric welded | section (W4), which classified to Class 4 due to
pure compression. The effective area is calculated by hand using the formulas given by EC3-
1-1 and EC3-1-5 and by the ConSteel software.

WWW.CONSTEEL.HU
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Grade of material: S275

Size of fillet weld: 3 mm
400-6

240-6

Fig.7 Class 4 double symmetric welded I section (W4).

A) Calculation by hand

Section data flange by :=240- mm te:=6-mm
web hW::4OO- mm ty:=6-mm
weld a:=3-mm

Design strength

N
fy =275 — €
mm
Stress gradient ¥ :.=1.0
Effective width of web Cyi=hy—-2-a=39%-mm
kc :=4.0
Cw
t
A Y _1251

W= 28.45- [k;

Joy — 0.055(3 + W)
:=[ w : ] = 0.659
XW
Beffw =Py Cy = 259.622 mm

w

be t,
Effectiv e width of flange Cfi= 55 a=114-mm
ks :=0.43
Cf
ki
Afi=————=1104
28.4¢- [ks
Af-0.18
pg = u =0.752
f
2
A

beﬂ:f = pf~Cf =85.698 mm
Effecetive area

t
W 2
Agfr = (beff.w + 2-a)~tw + 4‘(beff.f + ? + a]~tf =3794- mm

WWW.CONSTEEL.HU
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First by the Section administration/W4/Properties/Model/Sectional forces tools a virtual (for
example -100 kN) compressive force should be defined, than the effective EPS model and the
relevant effective cross-sectional properties can be available, see Figure 8.

1122 @ 3 445

A35 14 8 13 13122

[=l| Basic properties

W

120,0 mm

we 206,0 mm

o

0,0 degres

Ave

0,0 mnm

pH

0,0 mm

An

0,0 degree

A

3 645 mm?

=

[=l| General properties in the

e principal axis system (y,z)

Iy

115 352 561 mm?

Iz

5002 083 mm*

Iy

177,9 mm

37,0 mm

i Ty

559 964 mm*

il

58 497 mm*

Wiy

559 964 mm3

Wz

58 497 mm?

[=l| General properties in the section edit system translated to th

Iv

115 352 561 mm*

Iz

5002 083 mm*

Ivz

0

Fig.8 Effective EPS model of the W4 section due to pure compression

Evaluation

Table 4 shows the effective cross-sectional areas of the W4 welded | section
calculated by hand using the formulas of EC3-1-1 and EC3-1-5 and by the ConSteel
software. The deviation is 4% for the safe (the effective EPS model neglects the web
thickness and the size of the weld in the calculation of the basic plate width).

Tab.4 Effective cross-sectional area of welded | section

section

property

theory *

EPS 2

1/2

W4

Actt [mmz]

3.794

3.645

1,040

WE-05: Effective cross-sectional modulus

Figure 9 shows a double symmetric welded I section (W5), which classified to Class 4 due to
bending about the major and the minor axes. The effective sectional modulus is calculated by
hand using the formulas of EC3-1-1 and EC3-1-5 and by the ConSteel software.

=== 240-6  Grade of material: S275

Size of fillet weld: 3 mm
800-6

e 240-6

Fig.9 Class 4 double symmetric welded I section (W5)
10
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A) Calculation by hand
Bending about major axis

Section data flange bg:=240-mm
web h,, :=800- mm

weld a:=3-mm

Design strength fy =275- N
mm2
be  ty
Effectiv e width of flange Cf = > 5 a=114-mm
ks :=0.43
G
i
A= =1.104
28.42- [k;
As—0.18
p :( f é =0.752
f
2
M

beff.f = pf-Cf =85.698 mm

Working width b

W= 2befff + tW +a=180.4 mm
Effective width of web using iterative procedure
Step 1
. . 2
Centroid of section A= (bw.f +bg)-t + hyyty, = 7322.4 mni

h t
w 3
SY.l::(bf'tf - betf)(7 + Ej =144123- mm

S
Y.1
Zg 1:=—— =19.683 mm
. A
h
— -—a-Zgg
. . 2 '
Stress gradient in VY= =-0.906
web hw
T —a+ZS.1

WWW.CONSTEEL.HU
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Effctive width of web bW::hW—z-a:794~mm

ky =7.81- 6.29% + 9.78'° = 21.525
bW
t
Ay = v
28.4¢- ks

[xw - 0.055(3 + LP)]
pW = 5
7”W

=1.086

=0.823

bW
bC = 7 + ZSl: 416.683 mm

by
beffyy = pW-m =342.861: mm
beq :=0.4bggryy, = 137.1- mm
bep :=0.6bggry,, = 205.7- mm
by := bel +a=140.2mm
bg:=bg —bgy — bgo =73.821: mm
by :=hy, — (bg + a) + by = 586.034 mm

Step 2
Centroid of section Ay :=Aq - Dbyt =6879.4 mm2
h b
0
S
Y.2
Zg:=——"=35304 mm
A
h
7W —a-— ZS
Stress gradient in ¥Y=-—— =-0.837
web hw
— —a+ ZS
2
Effctive width of web k, =7.81-6.29% + 9.78'” = 19.919
bW
t
Dy 1= ————— = 1.129
28.4z- [k
Ay — 0.055(3 + ¥)
pwzz[ w l -0.792
A 2
w
by
bc = 7 + Zg=432.304 mm
by
b =Py —— = 342.445 mm
effw = Pw Ty

beq :=0.4bgyy = 137- mm
bep :=0.6bggry,, = 205.5 mm
bq:=bgy +a=140-mm
bg:=b; = bg —bgp =89.9-mm
by:=hy, - (bC + a) + bgy =570.22.mm
12

WWW.CONSTEEL.HU



$ STEEL VERIFICATION MANUAL

Step 3
Centroid of section Ag:=Aq - bo-tv\,=6783.222nm2
h b
w 0 3
S
Y.3
ZS = —— =38.343 mm
A3
h
TW —a- ZS
Stress gradientin Yi=—— =-0.824
web hw
— —a+ ZS
2

Effctive width of web  k_:=7.81- 6,20 + 9.78%% = 10,63
bW

Ay = —tw

28.4;;-\/@y

‘ [Aw = 0.055(3 + ¥)]

W
2 2

=1.138

=0.787

W

b
by = — + Zg = 435.3- mm
2

c
b
w
b = pyy—— = 342.4- mm
effw -~ Pw 1_v
be1 :=0.4bgg\y = 137- mm
bgy :=0.6bg\y, = 205.4 mm
bq:=bgy +a=140-mm
bo = bC - bel = be2 =92.94- mm
by:=hy, — (b + a) + by = 567.1- mm

Inertia moment about y-y axis

hW
hl = 7 + ZS =438.343 mm

hy:=h,, — hy = 361.657- mm

2
tf 4
Iy :=by, ¢te| hy + E =210829061: mm

t ? 4
ly=bptp| hy+ - | = 191483328 mni

3 2
tw'bl b1 4
I3 = + b1~tW- hl - ? =115318910 mm

12

3 2
. tyy0o by 4
ly= TR + by tyl hy = 5 = 111947503 mm

4
lefey =+ Ip+ I3+ I = 629578802 mm

Sectional moduli

|
Wegpvg = —Y 1416875 mn
elt.y hq+t
1+t
I
Wefry2 = Y 1712400 mnd
hy + t¢

13
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Bending about minor axis

br ty
Effectiv e width of flange Ccf :=E 7?—a=114~mm
¥ :=0 k(y :=0.57
S
i
Afi= —————— =0.959
28.48~\/Ey
Lg—0.18
pf = u =0.839
2
A
beﬁ‘.f = pf-Cf =95.601 mm
bg by
Working width b= 5 + D + > +a=221.6-mm
Effective width of web using iterative procedure
Step 1
Centroid of section Aq =20y, pts + hy oty = 7459.2 mm2
bf by,
Sy.qi= 2-bwlf-tf-(—zw') - 24462.9 mn
S
Y5 1:= e =3.28-mm
. A
Effctive width of web by, :=hy —2-a=7%-mm
¥ :=1.0 kG :=4.0
by
t
Iy = ——— =252
28.4£~\/Ey
Ay — 0.055(3 + ¥)
I Sl B
2
My
Deff w = Py by = 287.5- mm
bgq :=0.5bgg\, = 143.8 mm
Do :=0.5bgg,y = 143.8- mm
byy.wi=Deffy + 22 =293.5 mm
Step 2
Centroid of section Ay:=20, pte+ (beﬁ.w + 2~a)~tW =4420.5 mm2
be — b
f f,
Sy = 2-bwlf-tf-¥ = 24462.9 mm
S
Y.2
YS 22: —— =5.534 mm
. A,
1,
Y52+ lV +a
Stress gradientin flange ¥ ;:b— =0.092
f
— + Y
2 S.2

Effectiv e width of flange ko' :=0.57-0.20 ¥ + 0,07.\1/2 =0.551

S
't
Afi= ————— =0.975
28.48~\/Ey
g -0.18
pf = % =0.828
At
beﬁf = prf =94.4-mm

bg

tW
bw_f:: E + befff + ? +a=220.4 mm

WWW.CONSTEEL.HU
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Inertia moment about z-z

axis

2 4

3
b

w. f 2 4

ly:= 2.(%.T + bW.f'tf'YS.Zj = 10787084 mm

4
leffz =11 + lp = 10841023 mm

Sectional

moduli leff 2 3
Wefr 71 = bf— =94710- mm

o 'S.2

Iei’f.z
bg
by.f=— *Ys.2

3
Wegt 52 = = 102338 mm

B) Computation by ConSteel

First by the Section administration/W5/Properties/Model/Sectional forces tools a virtual
bending moment (for example M,=-100 kNm than M,=100 kNm) should be defined, than the
effective EPS model and the relevant effective cross-sectional properties can be available, see

Figure 10.

12 2 ¢

Basic properties

Vs

120,0 ram

W

362,68 mm

o

0,0 degree

B

a,0mm

Atz

43,2 mim

A

0,0 degree

A

& 633 mm?

General propetties in the principal axis system (y,z)

Iy

617 402 SE2 mm?

Iz

9413 042 rm*

Iy

303,7 mm

37,5 mim

Wy

1374 382 mm ¥

et

73 442 mm?

Wy

1701 &74 mm

W2

73 442 mm?

General propetties in the section edit system translated

Iy

617 402 SE2 mm?

Iz

9413 042 rm*

Ivz

Omm*

iv

303,7 mm

iz

37,5 mim

Fig.10 Effective EPS model of the W5 section due to bending about major axis
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1374 382 mm ¥

Wiz

73 442 mm?
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Evaluation

VERIFICATION MANUAL

Table 5 shows the effective inertia moment and sectional modulus of the W5 welded |
section computed by the theoretical formulas of EC3-1-1 and EC3-1-5 and by the
ConSteel software. The results are accurate, the maximum deviation in sectional
modulus is 2,9% for the safe (the effective EPS model neglects the web thickness and
the size of the weld in calculation the basic plate width, but uses iterative procedure).

Tab.5 Effective cross-sectional modulus of welded | section

section property theory * effective EPS2 | 1/2
lefe . [Mm*] 6,296 x 10° 6,174 x 10° | 1020

Wefr y1 [mm’] 1.414.875 1.374.382 | 1029

W5 Wetr yo [mm®] 1.712.409 1.701.874 | 1006
Wett 1 [Mm°] 94.710 04.602 | 1001

Wett 22 [mm°] 102.338 101.580 | 1.007

WWW.CONSTEEL.HU

16



$ STEEL VERIEICATION MANUAL

1.3 Elastic stresses

Elastic stresses of sections computed by the ConSteel software are checked in the following
Worked Examples (WE-06 and WE-07).

WE-06: Elastic stresses in hot rolled section
Elastic stresses in the HEA300 hot-rolled section are calculated by hand using the theoretical
formulas and computed by the ConSteel software.
A) Calculation by hand

Section: HEA300

Properties from Profil ARBED catalogue
2

A :=11250- mm ty:=8.5-mm
l,, :=182600000 mm4 w Ly = 1260000 mm3
y ely
sy 1= 692088 mm  (by EPSmodel)
I, := 1200000000000 mm’
. Ny N
Compression N, :=400- kN ON ::X =3556——
mm2
My N
Bending My :=240- KN-m SMy = =190.5——
Wy 2
el.y mm
V.S
N
Shear V, =220 kN T, max= —— = 98.1
lyty mnf
Warping B:=5- kN-m2 o :=20700- mm2 (by EPY
B N
O = I—~o) =86.25——
® N mm2
Interaction of pure cases Sx.max=ON*+ OMy T O = 312.3—2
mm

17
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A) Computation by ConSteel
The stress are visualized in the Section module, see Figure 11.
Paint |og [MNfmm3] Paint ;’mm?]

91,82
z .
1 1 1

86,27
= .
3, 66,27
z |82 z _ [nm
18,54 46,27
] -1,90 2 T o00
Y oo N 1S :

3 3
4 4
5 5 00
z 6 |18,5¢ 2 & 0,0
- 7
a [
a 3
1

0,00
w -1 w
13 1,90
14 1854
15 91,82 s
- 16 8321 - S

0,00
86,27

=1

86,27
17 -12,23

Fig.11 Elastic stresses in the HEA300 section by the GSS and the EPS model
Evaluation

Table 6 shows the stress components in the HEA300 cross-section calculated by hand
using theoretical formulas and by the ConSteel software using the GSS and EPS cross-
sectional models. The GSS model may be the accurate in warping stress since it takes
the change of the stresses through the thickness of the plates into consideration. The
EPS model gives 5,0% deviation in bending stress to the theoretical result (stresses
visualized in Analysis module are calculated in the counter line of the plates, but in the
Design module they are calculated in the extreme fibers, see value in brackets).

Tab.6 Elastic stresses in hot rolled section

stress ConSteel
section component | theory ! GSS? 12 EPS?® 113
[N/mm?]
ON 35,56 35,36 1.006 35,55 1.000
Onty 190,5 1896 | 1005 | 181,43 | 1050
HEA300 (190.4) | 1000
G 86,25 83,21 1.037 86,27 0,999
Oy 312,3 308,2 1.013 303,24 1.030

18
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WE-07: Elastic stresses in welded section

Figure 12 shows a symmetric welded hat section (W?7), which classified to Class 3 due to the
both compression and bending about the major axis. The elastic stresses are calculated by
hand using the theoretical formulas and by the ConSteel software.

| 600-30
o Grade of material: S235
N . Q _____ N -
N T v Size of fillet weld: 8 mm
450 Internal forces: Nx = -1200kN
: 2 My = -360 kNm

45035 7y  450-35
Fig.12 W7 welded symmetric hat section

A) Calculation by hand

Section data
flange bf:=600-mm t;:=30- mm

webs hW :=450- mm t, =35-mm bW :=450- mm
weld a:=8.-mm

Material f =275 ——

GrossArea A i=bgt; + 2:hyt,, = 49500 mnf

hy
Centroid Sy = bf-tf-[%v " Efj — 4320000 mn

Sy
Zo=—= 87.273 mm
A

hw
Zcomp = 7 + ZC =312.273 mm
Class of section
- pure compression
flange Cf = bW— 2-a=434-mm

C
f
n:= t_ =14.467 < 33¢=30.506 Class 1
f
web cW:=hW—a=442'mm
Cw
t,

n:= =12.629 > 10e=9.244
W < 14e=1294 Class 3

- pure bending about major axis

web cW::hW—a:442-mm
Z
a:=2"P _ g 706
Cw
Cy—Z
A S
CW+ ZC

Ky =0.57— 0.2L + 0.07%2 = 0.742

C
W

n:= Pl 12629 < 2le- [kc =16.724 Class 3
w

19
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t
W

Aplastic := ————— = 0.800

n:

t—W:12.629 > 10

4-c,,

=11556 Class3
Uplastic

Elastic sectional modulus about major

axis

h t

w f
IL=bste| — +—-2Z
z ff(2 2

2 3
hw 2
c| * 2t * ZhytyZe" =1191344318 mni

4

w iy
21:27 +tf—ZC=167727mm Z2:=7 +ZC:312273‘ mm

A 3 z
Wy 2 1= 2—1 =7102866 mm Wl 7.0:= = =3815076 mm

Elastic stresses
Normal force

Bending moment

! 3

Ny :=~1200- kN
My :=360- kN-m

Ny My

N
Oy 1= — - - 749
A WeI.Z.l mm2
N M
X Y N
GX.2:: — + =701 ——
A We|.2.2 mm2

B) Computation by ConSteel
The stress are visualized in the Section module, see Figure 13.

o .

2,43 |

-
-74,87

Fig.13 Elastic stresses in the W7 welded hat section by the GSS and the EPS model

Evaluation

Table 7 shows the stress components in the W7 welded hat section calculated by hand
using theoretical formulas and by the ConSteel software using the GSS and EPS cross-
sectional models. The GSS model is accurate. The EPS model gives 5,1% deviation in
bending stress to the theoretical result (stresses visualized in Analysis module are

WWW.CONSTEEL.HU
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calculated in the counter line of the plates, but in the Design module they are
calculated in the extreme fibers, see value in brackets).

Tab.7 Elastic stresses in welded hat section

property ConSteel
section dimension | theory® GSS? 12 EPS® 173

A mm’ 49.500 | 49.500 | 1000 | 49500 | 1.000

Class of flange 1 1

Class of web

- compression 1 1

W7 - bending i . 3 3
I, x10°mm 1.191 1.193 0.998 1.191 1.000
W1 x10° mm® 7.103 7.111 | 099 | 77103 | 1000
Wei x10°mm° 3.815 3.819 | 099 | 3815 | 1000
Ox1 N/mm? -74,9 749 | 1000 | 704 | 1064
(74,9) 1.000
Oy N/mm? 70,1 70,0 | 1001 | 701 | 1.000

WWW.CONSTEEL.HU
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1.4 Design resistances

Cross sectional design resistances are calculated by hand using the rules of EC3-1-1 and by
the ConSteel software in the following Worked Examples (WE-08 to WE-19).

WE-08: Compression (Class 1 section)

The design resistance for pure compression of the HEA300 hot-rolled section is
calculated by hand and by the ConSteel software.

A) Calculation by hand

HEAS300 section
Class of section Class 1
Grade of material 5235
N
fy =235 —2
mm
Gross area A =11250- mm2
Partial factor TMo = 1.0
) A-fy
Resistance N = —— =2643.8kN
pLRd
MO0

A) Computation by ConSteel

The computation of the design resistance of the HEA300 section duo to pure compression is
shown in Figure 14.

= Summary
Adequate!
Rmaz 100,0 %
Dominant case Conservative interaction resistance

7 Dominant formula Conservative interaction resistance - class 1-3
Load combination L. Lo
* | General elastic resistance
C =I| Pure resistances
=l Compression
Utilization 100,0 %
w Section class 1
Applied part of stanc 6.2.4 (1}-(2) - (6.9-6.11) formula
‘ H NEd -2 644,4 kN
! ==ty NoFa 2 644,4 kN 4—
A 11 252,8 mm?
fu 235,0 N/mm?2

ThD 1,0

Fig.14 Design resistance of HEA300 section for compression

22
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Evaluation

Table 8 shows the design resistance of the HEA300 section for pure compressive
force computed by hand and by the ConSteel software. The result of the ConSteel
software is accurate.

Tab.8 Cross-sectional resistance of HEA300 section for compression

section compressive resistance [KN]
theory * ConSteel (EPS model) ? 172
HEA300 2.644 2.644 1,000

WE-09: Compression (Class 4 section)

The design resistance of the welded W4 section (see WE-04) for pure compression is
calculated by hand and by the ConSteel software.

A) Calculation by hand

Class of section Class 4
Grade of material S275
N
fy :=275- —2
mm
Effective area Agff =3794- mm2 (see WE — 04)
Partial factor Ymo:=1.0
A -,
Resistance N = eff 'y =1043.3 kN
pl.Rd
TMO0

A) Computation by ConSteel

The computation of the design resistance of the W4 welded Class 4 section duo to pure
compression is shown in Figure 15.

z =l| Summary
11 45 Adequate!
Fonax 100,0 %
Daminant case Conservative interaction resistance
z Dominant Formula Conservative inkeraction resistance - class 4
Load combination 1. Lc.
General elastic resistance
D.C [=]| Pure resistances
$ [=| Compression
Utilization 100,0 %
Section class 4
w Applied part of standard 6.2.4 (1)-(2) - (6.9-6.11) Formula
MEd -1 002,35 kN
Merd 1002,3 kN «
&5 .2 aA22 A 3 644,7 mm2
fy 275,0 Mimm2
z o 1,0

Fig.15 Design resistance of the W4 welded Class 4 section for compression

23
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Evaluation

Table 9 shows the design resistance of the W4 welded Class 4 section for compressive
force computed by hand and by the ConSteel software. The result deviates to the safe
(effective EPS model takes the total width of plate for the basic width).

Tab.9 Cross-sectional resistance of W4 welded section for compression

section compressive resistance [KN]
theory * ConSteel (EPS model) 1/2
W4 1043,3 1002,3 1,041

WE-10: Bending about major axis (Class 1 section)

The design resistance of the IPE450 hot-rolled | section for bending about major axis is
calculated by hand and by the ConSteel software.

A) Calculation by hand

Class of section Class1
Grade of material S235
N
fy =235 ——
mm
Plastic modulus W= 1702000 mm’  (see WE - 03)
Partial factor Ymo:=1.0
- Wolyfy
Resistance M = =400.0kN- m
pl.y.Rd
T MO0

A) Computation by ConSteel

The computation of the design resistance of the IPE450 hot-rolled Class 1 section duo to pure
bending about major axis is shown in Figure 16.

z
=l Summary
i% Not adequate!
Rmay 100,0 %
Dominant case Conservative interaction resistance
Dominant formula Conservative interaction resistance - class 1-3
Load combination 1. lc
+| General elastic resistance

Ddc =I| Pure resistances
=I| Bending about the maijt

Utilization 100,0 %
Section dass 1

W Applied part of stang 6.2.5 (1)43) - (6.12-6.15) formula
My Ed -400,0 kNm
My 399,9 km =

6151 5 1212 ‘Wely.min 1701 793,2 mm?

. fy 235,0 Nfmmé
* 0 1,0

Fig.16 Design resistance of the IPE450 Class 1 section for
bending about major axis
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Evaluation

Table 10 shows the cross-sectional resistance of the IPE450 section for pure bending
about major axis calculated by hand and by the ConSteel software. The result is
accurate.

Tab.10 Cross-sectional resistance of IPE450 section for bending about major axis

section bending resistance about major axis [KNm]
theory * ConSteel (EPS model) * 112
IPE450 400,0 399,9 1,000

WE-11: Bending about minor axis (Class 1 section)

The design resistance of the HEA450 hot-rolled | section for bending about minor axis is
calculated by hand and by the ConSteel software.

A) Calculation by hand

Class of section Class1
Grade of material S235
N
fy :=235- -
mm
Plastic modulus Wpl.z:: 965500 mm3 (see WE-03)
Partial factor Ymo:=1.0
W, Sf
Resistance M = pl.2y =226.9kN- m
pl.zRd
MO0

B) Computation by ConSteel

The computation of the design resistance of the HEA450 hot-rolled Class 1 section duo to
pure bending about minor axis is shown in Figure 17.

=l Summary
Adequate!
Rmax 100,0 %
Dominant case Pure resistances
Dominant formula Pure minor axis shear
Load combination 1. Lc.

+| General elastic resistance
=l| Pure resistances (Dominant)
=l| Bending about the minor axis

Utilization 100,0 %
Section class 1
Applied part of standard 6.2.5 (13} - (6.12-6.15) formula
MzEd 222,0 kNm
2 Mz Rd 222,1 kNm =

Welzmin 945 000,0 mm?

2 fi 235,0 Nfmmz2
D 1,0

Fig.17 Design resistance of the HEA450 Class 1 section for
bending about minor axis
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Evaluation

Table 11 shows the cross-sectional resistance of the HEA450 section for pure bending
about minor axis calculated by theory and by the ConSteel software. The result is
accurate (EPS model takes the effect of the neck area approximately).

Tab.11 Cross-sectional resistance of HEA450 section for bending about minor axis

section bending resistance about minor axis [KNm]
theory * ConSteel (EPS model) ? 1/2
HEA450 226,9 222,1 1,022

WE-12: Bending about major axis (Class 4 section)

The design resistance of the welded Class 1 W5 section (see WE-04) for pure bending major
axis is calculated by hand and by the ConSteel software.

A) Calculation by hand

Class of section Class 4
Grade of material S275
N
fy =275 ——
mm
Effective modulus Weff.y :=1416875 mm3 (see WE - 05)
Partial factor Ymo:=1.0
w -f
Resistance M = M =389.6kN- m
effy.Rd
MO

B) Computation by ConSteel

The computation of the design resistance of the W5 welded section duo to pure bending about
minor axis is shown in Figure 18.

z =l| Summary
Mot adequate!

Fomax 100,0 %
Dorinant case Conservative interaction resistance
Daminant forrmula Conservative inkeraction resistance - class 4
Load combination 1. Lc.

g General elastic resistance

| z [=]| Pure resistances

]| Bending about the major a:
Utilization 100,0 %

c Section class 4
Applied part of standar 6.2.5 {13-(3) - (6.12-6,15) formula

Mygd -378,0 kNm
o MycFd 378,0 kim =
1 Y g min 1 374 381,9 mm?
w Fy 275,0 Nfmm2
han 1,0
413 18 12 12

Fig.18 Design resistance of the W5 welded Class 4 section
for bending about major axis
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Table 12 shows the cross-sectional resistance of the W5 welded Class 4 section for
pure bending about major axis calculated by hand using the simplified rules of EC3-1-
1 and EC3-1-5 and by the ConSteel software. The result is accurate for the safe
(effective EPS model computes the effective cross-section by the iterative procedure

proposed by EC3-1-5).

Tab.12 Cross-sectional resistance of the W5 welded Class 4 section for bending about

major axis
section bending resistance about major axis [KNm]
theory * ConSteel (EPS model) ? 1/2
W5 389,6 378,0 1,031

1) simplified method with no iteration

WE-13: Bending about minor axis (Class 4 section)

The design resistance of the welded W5 Class 1 section (see WE-04) for pure bending about
minor axis is calculated by hand and by the ConSteel software.

A) Calculation by hand

Class of section

Grade of material

Effective modulus

Partial factor

Resistance

WWW.CONSTEEL.HU

Class4
S275
N
fy :=275- -
mm
W 5 := 94710 mm3 (see WE — 05)
Y MO =1.0
W,

effz’'y
Meff.y.Rd = =26.04%KNm

MO

27



\, STEEL VERIFICATION MANUAL
B) Computation by ConSteel

The computation of the design resistance of the Class 1 W5 welded section duo to pure
bending about minor axis is shown in Figure 19.

z =l| Summary
1 1 2 3 Adequate!
P mas 99,9 %
Dominant case General elastic resistance
Dominant farrmula General elastic resistance
Load combination 1. Lc.
z General elastic resistance (Dominant)
| [=| Pure resistances
[=l| Bending about the minor a:
Ef Ukilization 99,9 %
T Section class 4
Applied part of standarg 6.2.5 {13-(3) - {(6.12-6,15) formula
Mz Ed 26,0 kMNm
Me 26,0 kim =
Y 2, min 94 601,5 mm?
w Fy 275,0 Mfmm2
J ran 1,0

Fig.19 Design resistance of the W5 welded Class 4 section
for bending about minor axis

Evaluation

Table 13 shows the cross-sectional resistance of the W5 welded Class 4 section for
pure bending about minor axis calculated by the simplified rules of the EC3-1-1 and
EC3-1-5 and by the ConSteel software. The result is accurate.

Tab.13 Cross-sectional resistance of the W5 welded section for bending about minor axis

section bending resistance about minor axis [KNm]
theory * ConSteel (EPS model) 1/2
W5 26,045 26,0 1,002

1) with one iteration step

28
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WE-14: Shear of web (Class 1 section)

The design resistance of the IPE450 section (see WE-04) for shear in the direction of minor
axis is calculated by hand and by the ConSteel software.

A) Calculation by hand

Class of section Plastic
Grade of maternal S235
N
fy =235 ——

mm
Shear area A, :=5085 mm2 (ProflARBED
Partial factor Ymo:=1.0

A, T
Resistance VpI.Rd:: vey =689.9- kN

TMO'V3

B) Computation by ConSteel
The computation of the shear design resistance of the IPE450 section is shown in Figure 20.

x

z =| Summary
Mot adequate!
% Rmax 100,0 %
Dominant case Pure resistances
Dominant formula Pure minor axis shear
z Load combination 1. Lc
+ | General elastic resistance
ollc =|| Pure resistances (Dominant)
=I| Minor axis shear
Utilzation 100,0 %
Section class 1
. Applied part of standard 6.2.6 (1)43) - (6.17, 6.18) formul
t VeEd 689,9 kN
VacRd 689,9 kN «
y&s&&#sa:&:t—z Az 5 084,5 mmZ
fy 235,0 Nfmmé
‘ ™o 1,0

Fig.20 Design shear resistance of the IPE450 section

Evaluation

Table 14 shows the shear cross-sectional resistance of the IPE450 section computed
by the ConSteel software. The result is accurate.

Tab.14 Cross-sectional resistance of IPE450 section for web shear

section shear resistance of web [KN]
theory * ConSteel (EPS model) ? 1/2
IPE450 689,9 689,9 1,000

29
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WE-15: Bending with shear effect (Class 1 section)

The design bending resistance about the major axis of the IPE450 section (see WE-04)
with shear effect is calculated by hand and by the ConSteel software.

A) Calculation by hand

Design shear force V; gq:=500- kN

Shear resistance VpI.Rd: 689.9- kN (see WE - 14)
2-V.
Reduction factor p:= zEd 1| =0.202
VpI.Rd
Web area d:=378.8- mm ty:=9.4-mm
A, = dt,, = 3560.7. mnf
Sectional moduli Wpl.y:: 1702000 mm3
2
P'AW
PlY” T, |
Resistance My.V.Rd5: =384.0kN-m
MO

B) Computation by ConSteel
The computation of the design resistance of the IPE450 section is shown in Figure 21.

=l Summary
Adequate!
Rmax 100,0 %
Dominant case Plastic interaction resistance
Dominant formula Plastic interaction resistance - Be
Load combination 1. Lec.

T

General elastic resistance

Pure resistances

Plastic interaction resistance (Dominant)
=I| Bending about the major axis +

T

Utilization 100,0 %

Section class 1

Applied part of standard 6.2.8 (1}4) - (6.29) formula
MyEd -372,7 klNm

My Fd 372,7 kNm

Warning effect of shear is considered

w VzEd 500,0 kN
! VzplFd 689,9 kN
= ? :ﬂ:r) Py 0’20

Fig.21 Design bending resistance with shear effect of the IPE450 section
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Table 15 shows the design bending resistance of the IPE450 section with shear effect
calculated by hand and by the ConSteel software. The result is accurate.

Tab.15 Cross-sectional resistance of IPE450 section for bending with shear effect

section bending resistance with shear effect [KNm]
theory * ConSteel (EPS model) ? 1/2
IPE450 384,0 372,7 1,03

WE-16: Bending and Axial Force (Class 1 section)

The design bending resistance about the major axis of the HEA450 section (see WE-11)
with axial force effect is calculated by hand and by the ConSteel software.

A) Calculation by hand

Design axial

Properties

Flange data

forces

Grade of material

Comressive resistance

Parameters

Resistance

WWW.CONSTEEL.HU

NEg :=-1600- kN

A :=17800 mm2 (ProfileARBED

3
W),y = 3216000 mmi

bg:=300- mm tg:=21- mm
S235
N
fy =235 —
mm
A,
Np| Rgi= — = 4183.&kN
M0
-N A — 2t
ni=— 9 _0383  a- g =0.292
Npl.Rd A
Wy f
Mol.y.Rdi= —— = 755.76N-m
v

— A-m _
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B) Computation by ConSteel
The computation of the design resistance of the HEA450 section is shown in Figure 22.

= Summary
Adequate!
Remax 100,0 %
L 1 22§34 4 5 Dominant case Plastic interaction resistance
Dominant formula Plastic interaction resistance - Bending + Axial force
Load combination 1. lc
#| General elastic resistance
#| Pure resistances
=I| Plastic interaction resistance (Dominant})
iz =I| Bending about the major axis -
Utilization 100,0 %
Section class 1
Het Applied part of standard 6.2.9.1 - (6.31, 6.33-6.36) formula
MyEd -546,5 kMNm
Mypa 546,6 kNm =
Warning effect of axial force is considered
MyplRd 755,7 kNm
NEd -1 600,0 ki
NplRd 4 183,7 kN
v n 0,38
A 17 803 mm?
1"6:5:’54 hu 398,0 mm
tw 11,5 mm
b 300,0 mm
t 21,0 mm
a 0,29

Fig.22 Design bending resistance of the HEA450 section with axial force effect

Evaluation

Table 16 shows the bending resistance of the HEA450 section with axial force effect
calculated by hand and by the ConSteel software. The result is accurate.

Tab.16 Design bending resistance of HEA450 section with axial force effect

section bending resistance with axial force effect [KNm]
theory * ConSteel (EPS model) 172
HEA450 546,5 546,6 1.000
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WE-17: Bending and Axial Force (Class 3 section)

The design bending resistance about the major axis of the W7 welded hat section (see WE-07)

ATION MANUAL

with axial force effect is calculated by hand and by the ConSteel software.

A) Calculation by hand

Design compressive forces

Class of section

Grade of material

Sectional properties

Bending resistance

B) Computation by ConSteel

The computation of the design resistance of the W7 welded hat section is shown in Figure 23.

D
*

NE :=5000- kN
Class 3
S275
N
fy =275 —
mm
A := 49500- mn?
3
Wyl 7 min= 3815000 mmi
N
Ed
Mde: 1 - —f .Wel.Z
AT
T MO0

€

|

|

fy

.min
Y

Darinart Forrmula

General elastic resistance

Load combination

1.Lc,

General elastic resistance (|

Dominant)

Pure resistances

[=]| Conservative interaction resistance

Utilization

100,0 %

Section class

3

Applied part of standard

6.2.1{7) - {6.2) Formula

-5.000,0 ki

13612,5 kN

0,0 klm

2530,4 kNm

663,53 Km =

1049, 1 khim

Fig.23 Design bending resistance of the W7 welded hat section with axial force effect

Evaluation

Table 17 shows the bending resistance of the W7 welded hat section with axial force

effect calculated by hand and by the ConSteel software. The result is accurate.

Tab.17 Design bending resistance of HEA450 section with axial force effect

section bending resistance with axial force effect [KNm]
theory * ConSteel (EPS model) ? 172
HEA450 663,8 663,8 1,000

WWW.CONSTEEL.HU
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WE-18: Bending and Axial Force (Class 4 section)

The design bending resistance about the major axis of the W5 welded | section (see WE-05)
with axial force effect is calculated by hand and by the ConSteel software.

A) Calculation by hand
Section data flange  bg:=240- mm
web hy, :=800- mm

weld a:=3-mm

Design strength fy, =275 —
mm2

Compression

Design compressive force Ngg :=300- kN

Stress gradient Y :=1.0
Effective width of web Cy=hy—2-a=7%.-mm
k6 :=4.0
Sw
t
A W __ _om

W= 28.45- [k,

_ [xw —0.055(3 + \P)]

W . =0.362
M
e\ = Py Cyy = 287.541 mm
b ty
Effectiv e width of flange Cf 1= 55 a=114-mm
ks :=0.43
Cf
i
Mfi=———= 1.104
28.4z- ks
Ae—0.18
P = u =0.752
2
A

bEff.f = pf~Cf =85.698 mm
Effecetive area

t
W 2
Aeff = (beﬂ‘.w + 2~a)~tW + 4'(beﬁ.f + ? + a]~tf =3962- mm

Bending about maj or axis
Sectional moduli (see WE-05)

3
Wegty, min = 1416875 mm

NEg fy

Resistance MyNRd: 1- Weﬁymlny—lvlo =282.4kN- m
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B) Computation by ConSteel

VERIFICATION MANUAL

The computation of the design bending resistance of the W5 welded hat section is shown in

Figure 24.

Fig.24 Design bending resistance of the W5 welaea 1 section witn axial torce errect

Evaluation

General elastic resistance {Dominant)

Pure resistances

Conservative interaction resistance

Litilization 100,0 %

Section dass 4

Applied part of standard | 6.2.9.3 - (6.44) formula

Nea -300,0 kN

Mygd -271,9 khm

-

Mz Ed 0,0 kMm

Bk 6 010,4 mm?

Eny 0,0 mm

SNz &0,0 mrm

S sy min 1 288 457,4 mm3

W oz, min 71,78 x 10712 mm#

Table 18 shows the bending resistance of the W5 welded | section with axial force
effect calculated by hand and by the ConSteel software. The hand calculation (theory®)

used the conservative

interaction formula where the effective cross-sectional

properties were calculated due to pure compression (Acf) and due to the pure bending
moment (Wesrymin). The ConSteel computation used the integrated normal stress
distribution due to compression and bending when the effective cross-sectional
properties were calculated by iterative procedure. The differences in the cross-
sectional properties are considerable, respectively. However, the difference in the
final result (bending resistance) is less than 4%. ConSteel software gives a more
accurate result.

Tab.18 Design bending resistance of the W5 welded | section with axial force effect (Class 4)
section property bending resistance with axial force effect
theory ! ConSteel (eff.EPS model) 172
At [mm?] 3.962 6.010 0,659
W5 Wetty.min [MM?] 1.416.875 1.288.458 1.099
My nrd [KNm] 282,4 2719 1.039
35
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WE-19: Biaxial bending with compression force effect (Class 1 section)

The design bending resistance about the major axis of the HEB400 hot-rolled H section with
axial force effect is calculated by hand and by the ConSteel software.

A) Calculation by hand

Properties (Profil ARBED)

Class of section Class 1
Dimensions b :=300- mm te:=24.- mm
Sectional modulus A -~ 19780. mm2
3
Wp|.y.: 3232000 mm
3
WpI.Z:: 1104000 mm
Design strength fy -=235. l
mm2

Design forces
Compression Ngg :=3000- kN

Bending about minor axis M, g4:=100- kN-m

Pure resistances
AT,

- Y _
Compression NpI.Rd'__ =4648.3 kN
MO0
Neg A - 2bt
Parameters n:= =0.645 a:=———=0.272
NpI.Rd A
WolyTy
Bending about major axis M = ——=—= =759.5XKN-m
pl.y.Rd
MO
Wpi.zTy
Bending about minor axis M, = —= =259.4&N-m
pl.z.Rd MO

2
n-a
MN.pl.zRd= Mpl.z.Rd{l - (E) } =191.18KN- m

Bending resistance about major axis due to biaxial bending with axial force

Parameters o:=2 B:=5n=3.227

o

M., moi=M 1 _M2Ed 291.8N- m
Rd=MNply.Rd [1- = 291.&N-
Y PLYy |V'N.pl.z.R

36
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B) Computation by ConSteel

The computation of the design bending resistance of the HEB400 hot-rolled H section is
shown in Figure 25.

z =/| Summary
Adequate!
Rmaz 100,0 %
f 1 PR q = 2 Dominant case Plastic interaction resistance
| I 1 I Dominant formula Plastic interaction resistance - Biaxial bending
Load combination 1. Lc.
| General elastic resistance
+| Pure resistances
L = Plastic interaction resistance {(Dominant)
#| Bending about the major axis + Axial fol
# | Bending about the minor axis + Axial fol
ng; =l| Biaxial bending + Axial force - hot-rolled
Utilization 100,0 %
Section class 1
Applied part of standard 6.2.9.1 - (6.31, 6.41) formula
MyEd 290,2 kNm
MymFd 311,6 kNm «
[ Warning effect of axil force is considered
MzEd 100,0 kNm
115—15—1; :‘—IZ—J'F ManiRd 187,0 KNm
Warning effect of axial force is considered
o 2,00
B 3.23
n 0,65

Fig.25 Design bending resistance of the HEB400 section with axial force effect

Evaluation

Table 19 shows the bending resistance of the HEB400 hot-rolled H section with axial
force effect calculated by hand and by the ConSteel software. The result is accurate.

Tab.19 Design biaxial bending resistance of the HEB400 section with axial force effect
section resistance* bending resistance with axial force effect
[kNm] theory ! ConSteel * 172
HEB400 Mn ply.Rd 311,7 311,6 1,000
Mu.pl.zRd 191,2 187,0 1.022
My rd 291,8 290,2 1.005

*) Ngg=-3000 kN ; M, £5=100 kNm

37
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2. Analysis

2.1 Theoretical background

The ConSteel software uses the 14 degrees of freedom general thin-walled beam-column
finite element (referred as csBeam?7) published by Rajasekaran in the following textbook:

» CHEN, W.F. ATSUTA, T.: Theory of Beam-Columns: Space behavior and design, VVol.2
McGraw-Hill, 1977, pp. 539-564

Later more researchers used and developed this element, for example:

» PAPP, F.: Computer aided design of steel beam-column structures, Doctoral thesis, Budapest
University of Technology & Heriot-Watt University of Edinburgh, 1994-1996

The general beam-column finite element takes the effect of warping into consideration,
therefore it is reasonable to use it in both of the geometrically nonlinear stress analysis and the
elastic stability analysis of spatial steel structures.

The ConSteel software uses a triangular isoparametric thick plane shell finite element with 3
nodes (referred as csShell3). The application and the efficiency of this element is discussed in
the following papers:

» HRABOK, M.M., HRUDEY, T.M. "A review and catalogue of plate bending finite elements"
Computers and Structures. Vol.19. pp.479-495. 1984.

» HENRY, T.Y,, SAIGAL, S., MASUD, A., KAPANIA, R.K., "A survey of recent finite elements"
International Journal of Numerical Methods in Engineering. VVol. 47. pp.101-127. 2000.

This element may be integrated with the general beam-column finite element sufficiently in a
mixed beam-column and plated steel structural model.

2.2 Stress analysis

The stress analysis (computation of deflections, internal forces and reactions) of simple
structural members are verified by

e Geometrically linear (first order) theory
e Geometrically non-linear (second order) theory

38
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2.2.1 Geometrically linear (first order) theory

The analysis of simple structural members using the ConSteel software (based on the
csBeam?7 and the csShell3 finite element) are checked in the following Worked Examples
(WE-20 to WE-23).

WE-20 Compressed member

Figure 26 shows a compressed member. The moving of the end of the member and the
compressive stress are calculated by hand and by the ConSteel software using both of the
csBeam7 and the csSheel3 finite element models.

.00kN

~

Fig.26 Stress analysis of compressed member

L—x

A) Calculation by hand

Sectional area A :=11250- mm2

Grade of material  S235

E :=210000- N
mm2
Length of member L :=4000- mm

Compressive force Fy:=1000- kN

F

Compressive stress Oy = X 88.889 l
A mm2
. L
End moving 8y:=0y = =1.693- mm
E

39
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A) Computation by ConSteel
e Beam-column FE model (csBeam?7)

B
jes

Node 22 % [mm] ¥ [rmmn] 2 [mm] Ru[degree] Ry [dearee] R=[degree]
v 2 -1,684 -0,000 0,000 0,000 0,000 -0,000

Fig.27 Axial deflection of the compressed member

e  Shell FE model (csShell3)

<,

Node /5 % [mm] ¥ [mm] Z [mm] Rx[degree] Ry [degree] Raz[degree]
2 -1,717 0,000 -0,008 0,001 0,005 -0,006
3 1,717 0,000 0,008 -0,000 -0,006, -0,006

1R &
<1<

Fig.28 Axial deflection of the compressed member

Evaluation

Table 20 shows the axial deflection of the free end of the simply supported
compressed member calculated by hand and computed by the ConSteel software using
both the csBeam7 (see Figure 27) and the csShell3 (see Figure 28) models. The
results are accurate.

Tab.20 Stress analysis of compressed member

section property theory * ConSteel
csBeam? ? 12 csShell3 13
HEA300 e, [mm] 1,693 1,684 1,005 1,717 0,986
L=4000mm

Notes

In order to compare the results the compressive load on the csShell3 model was modified by
the ratio of the cross-sectional areas computed on the plated structural model and given by the
profil ARBED catalogue.

40
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WE-21 Bended member

VERIFICATION MANUAL

Figure 29 shows a plated structural member which is loaded by uniformly distributed load.
The vertical displacement of the middle cross-section and the maximum bending moment of
the member are calculated by hand and by the ConSteel software using both of the csBeam7
and the csSheel3 finite element models.

Fig.29 Plated structural member loaded by uniformly distributed load in
the vertical plane (welded I section with 200-12 flange and 400-8 web)

A) Calculation by hand

-

Section: welded symmetric | section
flange b:=200- mm t:=12-mm
web hy, :=400- mm ty=8-mm
Elastic modulus E :=210000- N
mm2
Length of member L:=8000- mm
Load p:=30- ﬁl
m

Inertia moment

Maximum deflection

Maximum bending moment M

WWW.CONSTEEL.HU

y 2 2
4
5 pL
e = —.—— =30.927- mm
Zmax™ ag Ely

2

p-L
i=—— =240kN-m
y.max 8

hy ) My
I, = 2.b.tf‘[—w + —f) + tW% = 246359467 mm
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 30 shows the deflections of the member with the numerical value of the
maximum deflection. Figure 31 shows the bending diagram with the maximum
bending moment at the middle cross-section (self weight is neglected).

Dz = -30.8 mm

-

Mode A % [mm] W [mm] Z [mm] Rx[degree] Ry [degree] Rz [degree]
10 0,000 0,000 -30,625 0,000 {1,000 0,000

~

Fig.30 Deflections of the bended member (with n=16 FE)

-240.00 kNm

Node Element M [kn] Wilkn] Vaj[kn] Mz [kum] My [kium] Z4 Maj (ki) B [knim2]
[ 10 8 0,000 0,000 0,000 0,000 -240,000 0,000 0,000

Fig.31 Bending moment diagram of the bended member

42
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e Shell FE model (csShell3)

Figure 32 shows the deflections of the member with the numerical value of the
maximum deflection (self weight is neglected).

Dz = -31.4 mm

Mode o [rom] Y [mm] 2 [mm] R:[degree] Ry [degres] Rz[degree]
cal 1097 -0,000 0,000 31,376 0,000 -0,007 0,000

Fig.32 Deflections of the bended member (with 6=50mm FE size)

Evaluation

Table 21 shows the maximum value of the vertical deflections calculated by hand and
computed by the ConSteel software using both the csBeam?7 and the csShell3 models.
The results are accurate.

Tab.21 Stress analysis of bended member

ConSteel
section property theory ! csBeam7 ? csShell3 *
n | result | 172 o result | 13
4 129,373 |1053 | 100 |31,200 |0991
€2.max [mm] 30.927 6* 30,232 |1023 | 50 31,376 | 0986
Welded | 8 30,533 [1013 | 25 31,427 | 0984
16 [30,823 |1.003
200-10 ; 400-8 4 240
My.max [kN m] 240 6* 240 1,000
8 240
16 | 240

*) given by the automatic mesh generation (default)

Notes

In the table n denotes the number of the finite element in the csBeam7 model, 6 denotes the
size of the finite elements in [mm] in the csShell3 model.

The distributed load on the csBeam7 model is concentrated into the FE nodes, therefore the
deflections depend on the number of the finite elements.

The csShell3 model involves the effect of the shear deformation, therefore it leads greater
deflections.

43
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WE-22 Member in torsion (concentrated twist moment)

Figure 33 shows a simple fork supported structural member which is loaded by a concentrated
twist moment at the middle cross-section. The member was analysed by hand and by the
ConSteel software using both of the csBeam7 and the csSheel3 finite element models.

~_425.00kNm
O

400
0
M

Fig.33 Simple fork supported structural member loaded by concentrated twist
moment at the middle cross-section

A) Calculation by hand

Section: Welded symmetric | section
flange b :=300- mm tr:=16-mm
web hy :==300-mm t, :=10-mm
Sectional properties (by GSS model) |~—l 2-b 3 h t3 =919200 ¢
prop y t=3 Dty + hyty ) = -mm
hs =hyy, + tf=316-mm

3
L= 2t = 72000000 mrt
1

NN

h

I, = ly — = 1797408000000m Y
4

h:= hW+ 2.t =332- mm

Elastic modulus E :=210000- l = E = 80769 l
2 2(1+0.3 2
mm mm
Gl 1
Parameter o:= |— =0.444—
Elg, m
Concentrated torsional moment M, :=25-kN-m
Member length L :=4000- mm
Cross-section position Ly:= L =2000- mm
Parameters z ::IE' =2000- mm
z5:=0-mm

M L sinh(a. L.
Rotation* = X (_22 ( 2)

: — ————sinh(a-2) | =0.067- rad
Pmax= 73 L2 asinngen o )J
o ~E-Iw

Pmax.deg'= Pmax= 3-852- deg

44
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sinh(a.-L.
Bimoment* = X-%-sinh(a-z) = 20.009kN - m2
o-sinh(a-
L2 Slnh(al_z)
Torsinal moment* My := My T - m-cosh (a~20) =3.696kN- m
o
sinh(a-Lz)
MO) = Xm'cosh (G'ZO) = 8804kN m

Checkequilibrium

My ini=M; + M, = 12.5kN- m

t
Warping stress ef ::g - —f =158- mm
b
Omac=er 5 = 23700 mnf
B N
Ox.max= | “max~ 263.8 >
o mm

*) Csellar, Halasz, Réti: Thin-walled steel structures, Muszaki Kénv kiad6 1965, Budapest,
Hungary, pp. 129-131 (in hungarian)

B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 34 shows the deflections of the member with the numerical value of the
maximum rotation (self weight is neglected). Figure 35 shows the bimoment diagram
with the maximum bimoment at the middle cross-section. Figure 36 shows the

warping normal stress in the middle cross-section.

Node

2l 3

A_  [mm]

R:[degres]

| ¥ [mm]
0,000 3,854

0,000

Z [mm]
0,000

t

Fig.34 Rotation of the member due to concentrated twist moment

WWW.CONSTEEL.HU
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i
=g-

~——
-20.00 kNm2 .

Wy (k] Mailkn] M [kiim] - Myi [Km]  Mi[khm] B [khim?] iy
0,000 0,000 12,500 0,000 0,000 -13,993

Fig.35 Bimoment of the member due to concentrated twist moment

263,70 —_—
z . Paint  o& [M/mm?]
1 -
2 0,00
1 e B
4 0,00
z l:"‘"'. s 00
& 0,00
7 000
Y DEC Y Y § 263,70
- 3 0,0
w -263,7 )
Vol S
z

Fig.36 Warping normal stress in the middle cross-section

e Shell FE model (csShell3)

Figure 37 shows the rotation of the member with the numerical value of the
maximum rotation (self weight is neglected). Figure 38 shows the axial stress
distribution in the middle cross-section.

Dy = -10.9 mm
Dz = 10.2 mm

Node Lo % [mm] ¥ [mm] 2 [mm] Rx[degree] Ry[degree] | Rz[degree]
’ 18 0,000 -10,876 10,245 3,928 -0,001 0,023

Fig.37 Maximum rotation of the middle cross-section

46
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242,62 N/mm2
middle middle

™

—

P

\ﬁr"z-ﬁz N/mm2

/
/

Fig.38 Axial stress distribution in the middle cross-section (with 25mm FE)
Evaluation

Table 22 shows the value of the rotation, bimoment and the axial stress of the middle
cross-section calculated by hand and computed by the ConSteel software using both
the csBeam7 and the csShell3 models. The results are accurate.

Tab.22 Stress analysis of bended member

ConSteel
section property theory ! csBeam? ? csShell3 3

n result | 12 ) result | 1/3

2 |3852 |1000 | 50 |4,021 |0958

Ry max [deg] 3,852 [ 4 |3,854 |09% | 25 |3928 |0981

6* | 3,854 |09% | 125 |30922 |0982
Welded | 16 | 3,854 |0.999
f: 300-16 2 | 20,00 |00
w: 300-10 B max [KNmM?] 20,00 4 | 20,00 |1000

6* | 20,00 |1.000
16 | 19,99 [1.00
2 | 263,7 |1.000 50 213,8 | 1234
Co.max ™~ 263,8 4 | 263,7 |1.000 25 2426 | 1061
[N/mm?] 6* | 263,7 [1000 | 125 [ 261,4 | 1009
16 | 263,7 |1.000
*) given by automatic mesh generation (default)

**) in middle line of the flange

Notes

In the table n denotes the number of finite element in the csBeam7 model, ¢ denotes the size
of the finite elements in [mm] in the csShell3 model.
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WE-23 Member in torsion (torsion by transverse concentrated load on mono-

symmetric | section)

Figure 39 shows a simple fork supported member with mono-symmetric welded | section
which is loaded by a concentrated transverse force in the centroid of the middle cross-section.
The member was analysed by hand and by the ConSteel software using both of the csBeam7
and the csSheel3 finite element models.

Fig.39 Simple fork supported member with mono-symmetric welded | section

~

loaded by concentrated transverse force in the centroid

A) Calculation by hand

Section:
top flange

web

bottom flange

Sectional properties

Elastic modulus

Parameter

Member length

Transverse force

WWW.CONSTEEL.HU

Welded monsymmetric | section

b1:=200~mm tp :=12- mm
hyy :=400- mm ty=8-mm
by :=100- mm tp :=12- mm
3 3

b

b . 2 4
lpg =ty = 1000000 mn

1 4
1 :=tf1-E = 8000000 mm

4
=1, + 1, = 9000000 mm

1 3 3 3 4
|t = g-(bl-tﬂ + b2'tf2 + hW.tW ) =241067- mm

| tg
1 n I
Bpi=——— =0.889  hgi=hy+ — + — =412. mm
IZl + IZZ 2 2
ly =By (1 - By) 1’ = 1.5088« 10 mnt
ZS :=248.4- mm (by GSS model of ConSteel)
n = 123.4- mm (by GSS model of ConSteel)
N N
E = 210000 — 80769 —
2 2(1+0.3 2
mm mm
Gl
1
o= |[—t =0.784%
Elg, m
L:=6000- mm
Fy=10- kN
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Torsional moment

Cross-section position

Rotation*
Bimoment*

Torsinal moment*

Checkequilibrium

Warping stress

Bending moment

Bending stress

VERIFICATION MANUAL

My :=Fy-zp = 1.234kN- m

y
Ly:= I—_ =3000- mm
2

L
z::5=3000-mm zozzo-mm
M L sinh(aLp)
X 2 2
= | —z— ————sinh(a-2) | =3.172-d
Pmax= ( L asinh(a-L) ( )J %
o ~E~Im
sinh( o L.
2
Bi= Mx-#sinh(a-z) — 0.773kN - m?
a-sinh(a-L)
L2 Slnh(OLLz)
My i=My| — = ————-cosh (av7g) | = 0.50kN- m
L sinh(o-L)
sinh(u~L2
M,  :=My———-cosh(a-zy) = 0.116KN- m
@~ X Sinh(orL) (e-7)

M M + M, = 0.617kN- m

x.int=

©y = 18311- mm2 (by GSS model of ConSteel)

Axial stressin bottom flange 0y2:=0y 0+ O\ =177.14 l
) 2

mm

*) Csellar, Halasz, Réti: Thin-walled steel structures, Muszaki Kénvkiad6 1965, Budapest,
Hungary, pp. 129-131 (in Hungarian)
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 40 shows the deformated member with the numerical value of the
maximum rotation (self weight is neglected). Figure 41 shows the bimoment diagram
with the maximum bimoment at the middle cross-section. Figure 42 shows the
warping normal stress in the middle cross-section.

Dy = 30.5 mm

Mode 2o % [mm] ¥ [mm] Z [mm] Rx[degree] Ry [degree] Rz [degree]
|7 3 0,000 30,546 0,000 3,145 0,000 0,000

t

Fig.40 Rotation of the member due to concentrated transverse force in the centroid of the
middle cross-section (n=16)

[kri] Wyilkn] Wai[kn] M [khirn] Wy [khirm] Mz j[khim] B [kim?] i
0,000 5,000 0,000 0,617 0,000 -15, 000 0,771

Fig.41 Bimoment of the member (n=16)

176,78 _
l Point | Zo [Mfmm2]

1 143,31
2 000
Il * 2.3 —
D 3 143,31
z 4+ 0m
0,00 5 0,00
& 0,00
y c Y ¥ i
- 7 0
s Y-
s om
-176,78 10 -176,78

:

Fig.42 Warping normal stress in the middle cross-section (n=16)
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Evaluation

Table 23 shows the value of the rotation, bimoment and the axial stress of the middle
cross-section calculated by hand and computed by the ConSteel software using both
the csBeam7 and the csShell3 models. The results are accurate.

Tab.23 Stress analysis of member in torsion

ConSteel
section property theory ! csBeam?7 * csShell3 ?
n | result | 12 d result | 183
2 |3122 |1016 | 50 2,996 | 1059
Ry.max [deg] 3,172 4 | 3,145 |1009 | 25 3,133 |1013
8* |3,148 |[1007 [ 125 [3,173 [L000
Welded | 16 | 3,148 |17
200-12 2 | 0,779 |09%
400-8 B nax [KNm?] 0,773 4 0771 |1003
100-12 8* | 0,770 |1.004
16 | 0,770 |1004
2 [177,9 [09% | 50 165,3 | 1072
G max™ ™ [N/mm?] 177,1 4 |176,9 |1001 | 25 173,4 | 1021
8* |176,8 |1001 | 125 176,1 | 1,006
16 |176,8 |1.001

*) given by the automatic mesh generation (default)
**) in the middle plane of the flange

Notes
In the Table 23 n denotes the number of the finite elements of the csBeam7 model, ¢ denotes
the size of the shell finite elements in [mm] in the csShell3 model.
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2.2.2 Geometrically nonlinear (second order) theory

The geometrically nonlinear analysis of simple structural members using the ConSteel
software (based on the csBeam?7 and the csShell3 finite element) are checked in the following
Worked Examples (WE-24 to WE-25).

WE-24 Member subjected to bending and compression

Figure 43 shows a simple fork supported member with IPE360 section subjected to axial
force and bending about the minor axis due to lateral distributed force. The deflection and the
maximum compressive stress  of the member are calculated by hand and by the ConSteel
software using the csBeam7 model.

Fig.43 Simple fork supported member with IPE360 section subjected to
transverse load and compressive force
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A) Calculation by hand

Section:IPE 360

Sectional properties (ProfilARBED) A :=T7273- mm2
|, := 10430000 mm'
Elastic modulus E = 210000 N
mm
Length of member L. :=8000- mm
Distributed load intensity p:=1- kN
Compressive force Fy:=200- kN
2 El
Crirical foce Ferx:= =337.8- kN
) 2
L
.|_2
Bending moment by first order theory M, = pT =8kN-m
Moment amplifier factor n ::% =2.452
1- %
Fer.x

Bending moment by second order theory M, :=1:M,; = 19.61kN- m

Maximum compressive stress Ymax:=85-mm

F M
X 72 N
Semax’= 5 T T Ymax=187.3 —
: A, 2
mm

B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 44 shows the second order bending moment diagram of the member which
was computed by the ConSteel software using the csBeam?7 finite element model.

— -19.90 kNm

R [k] ailka] Weikn] i) My Lktu] Mailktin] A B[Mimd] _
-200,000 0,000 0,000 0,000 0,000 -19,900 0,000

t

Fig.44 Bending moment diagram of the member (n=16)

53

WWW.CONSTEEL.HU



$ STEEL

Evaluation

VERIFICATION MANUAL

Table 24 shows the second order bending moment and the maximum axial
compressive stress value of the middle cross-section calculated by hand and computed

by the ConSteel software using the csBeam7 model. The results are accurate.

Tab.24 Second order stress analysis of member in bending and compression

section property theory ! csBeam?7 *
n result 12
2 17,40 |1127
M, max [KNm] 19,61 4 19,33 |1,015
6™ 19,67 {0,997
IPE360 16 | 1990 joss
2 169,7 |1104
Gemax [N/mm?] 187,3 4 185,5 |[1,010
6* 188,3 {0,995
16 190,2 {0,985

*) given by the automatic mesh generation (default)

Notes

In the Table 23 n denotes the number of the finite elements of the csBeam7 model.

WE-25 Member subjected to biaxial bending and compression

Figure 45 shows a simple fork supported member with IPE360 equivalent welded section
(flange: 170-12,7; web: 347-8) subjected to biaxial bending about the minor axis due to
concentrated end moments and to compressive force. Deflections of middle cross-section of
the member are calculated by hand and by the ConSteel software using both of csBeam7

model and csShel

13 model.

=7.50kNm
45.00kNm

L5

.50kNm

-

G45.00kNm

.00kN

Fig.45 Simple fork supported member with IPE360 section subjected to biaxial

WWW.CONSTEEL.HU

bending and compression
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A) Calculation by hand (using approximated method)

Section:IPE360 equivalent welded | section

Sectional properties (by EPS model) A :=6995- mm2

Iy :=155238000 mm4 I,:=10413000 mm4
It := 291855 mm4 I, := 313000000000 mm6
ly 15
rg:= |— + — =153.88Mmm
A A
Elastic modulus E= 21000()l ::L = 80769l
2 2(1+0.3 2
mm mm
Length of member L :=8000- mm
Compressive force P:=100- kN
End My :=45.- KN-m M, :=7.5- kKN-m
moments 2
b ~E~Iy
Critical axial forces Per y = =5027- kKN
L2
n2~E-I
Per.zi=——— = 337.2 kN
L
=R
Pero = - — Gl | =1423.5 kN
L
"o
Displacements*
Pcr.y Per.z 4 Perz- F’cr.y
2 MM Py,-P Pyy-P = P
c=l .Y % p U2 oy ~ 0.087
8 IDcr.y'Pcr.z M 2 M 2
y z 2 (p p
P _p " _P*rO'(cr.co*)
cor.z cry
2
u -——;-[E—AM —CcM j = -55.53mm
max-~ z =T
Perz=P\ 8 Y
2
vooim— | M, + CM,| = 11.25mm
M Pyy-PL8 Y X '

P max:=C=-4.991deg

*) Chen, W. and Atsuta, T.: Theory of Beam-Columns, Vol. 2: Space
behavior and design, MCGRAW-HILL 1977, p. 192

55

WWW.CONSTEEL.HU



$ STEEL

B) Computation by ConSteel

e Beam-column FE model (csBeam7)

VERIFICATION MANUAL

Figure 46 shows the second order deflection of the member which was computed by

the ConSteel software using the csBeam? finite element model.

<

Mode A4 % [rom] Y [mm] Z [ram] R [degres] Ry [degres] Rz[degres]
’ 1o 0,000 -52,312 -14,506 5,065 0,000 0,000

L S |

Fig.46 Deformation of the member by csBeam7 FE model (n=16)

o Shell FE model (csShell3)

Figure 47 shows the second order deflection of the member which was computed by

the ConSteel software using the csShell3 finite element model.

Dy = -50.7 mm
Dz = -14.1 mm

L,

Mode 2 % [mm] Y [mm] Z [mm] R« [degree] Ry [degree] Fea[degree]
1821 -0,000 50,732 14,139 5,185 -0,004 0,018

t 1

Fig.47 Deformation of the member by csShell3 FE model (6=43mm)

<l
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Evaluation

Table 25 shows the second order bending moment and the maximum axial
compressive stress value of the middle cross-section calculated by approximated
theory and computed by the ConSteel software using the csBeam7 and csShell3
model. The accuracy of the approximated hand calculation is a bit pure, but the
ConSteel results of csBeam7 model comparing with the csShell3 model are accurate.

Tab.25 Second order stress analysis of member in bending and compression

ConSteel
section displacement theory csBeam7 csShell3
(approximation) | n result é result
2 53,00 43 51,17
€y.max [Mm] 55,53 4 53,38 25 53,03
6* 53,46 csBeam(n = 16)
IPE360 16 53,50 csshell(5 = 25) Ho08
equivalent 2 11,10 43 10,81
e I ) 1125 [4 | 1110 [25 | 1083
347-8, 6> 11,10 csBeam(n = 16) 1025
16 11,10 csshell(s = 25)
2 4,172 43 4,287
©.max[deg] 4,991 4 4,216 25 4,433
6* 4,229 csBeam(n = 16) 0956
16 4,239 csshell(5 = 25)

*) given by the automatic mesh generation (default)

Notes
In the Table 25 n denotes the number of the finite elements of the csBeam7 model, 8 denotes
the maximum size of the shell finite elements of the csShell3 model in [mm].
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2.3 Stability analysis

VERIFICATION MANUAL

The stability analysis of simple structural members using the ConSteel software based on both
of the csBeam7 and optionally the csShell3 finite element models are checked in the
following Worked Examples (WE-26 to WE-33).

WE-26 Lateral torsional buckling (double symmetric section &
constant bending moment)

Figure 48 shows a simple fork supported member with welded section (flange: 200-12; web:
400-8) subjected to bending about the major axis due to concentrated end moments. Critical
moment of the member is calculated by hand and by the ConSteel software using the csBeam?7

model.

gl.ODkNm

Fig.48 Simple fork supported member subjected to bending about

A) Calculation by hand

Section:
flange

web

Sectional properties

Elastic modulus

Member length

Critical moment

WWW.CONSTEEL.HU

the major axis (LTB)

welded symmetric | section

b:=200- mm
hy, :=400- mm

3
| =2t ~ 16000000 mr
12

tf :=12-mm

ty:=8-mm

1 3 3 4
I = 5.(2.b.tf + gty ) = 298667- mm

tpb®

2 6
Iy = 7.(hW + tf) = 678976000000 mm

E :=210000- l = E = 80769 l
2 2(1+0.3 2
mm mm
L:=6000- mm
752~E~IZ
Mg = . =241.31kN- m
L2
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)
Figure 49 shows the member subjected to lateral torsional buckling which was
computed by the ConSteel software using the csBeam?7 finite element model.

[: ]Buckling j 'Teherkombinécié-‘l (241.77) j lEigenvalues-ﬂ.] 24,77 :] |Contour surface ]

Fig.49 LTB of simple supported structural member (n=16)

Evaluation
Table 26 shows the critical moment for lateral torsional buckling of the member
which calculated by hand and computed by the ConSteel software using the csBeam7

model. The result is accurate.

Tab.57 Stability analysis of member on compression (L=4000mm)

csBeam?7 2
section critical force theory ! n L 12
2 | 243,24 |0.992
Welded | M¢r [KNm] 241,31 4 241,87 |0.998
200-12 ; 400-8 6* [241,79 |0.998
16 |241,77 |0.998

*) given by the automatic mesh generation (default)

Note
In the Table 57 n denotes the number of the finite elements of the csBeam7 model.
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WE-27 Lateral torsional buckling (double symmetric section &
triangular bending moment distribution)

Figure 50 shows a simple fork supported member with welded section (flange: 200-12; web:
400-8) subjected to transverse force at middle cross section in the main plane of the member.
The critical force is calculated by hand and by the ConSteel software using csBeam7
model.

-~

Fig.50 Simple fork supported member subjected to transverse force (LTB)

A) Calculation by hand

Section: welded symmetric | section

flange b:=200- mm tg:=12-mm
web hW:=400-mm ty:=8-mm
b3 4
Sectional properties l,:= 2~tf-E = 16000000 mm
1 3 3 4
Iy := 5-(2-b-tf + hyytyy ) = 298667- mm
3
I = ﬂ(h +1 )2 — 678976000000 mn?
0 oy wTH
Elastic modulus E :=210000- l G:= L = 80769 l
2 2:(1+0.3 2
mm mm
Member length L:=6000- mm
Critical force Cq:=1.365
2 EL L2.Gl,
Mg :=Cq ik =329.387kN- m
12 2 rlEl

MCT
Fer i=4—— =219.6 kN
L
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 51 shows the LTB of the member subjected to transverse force. The critical
force is computed by the ConSteel software using csBeam?7 finite element model.

J5 [Bucking  >| |Teherkombinacié1(21969) | |Eigenvalues-(1.) 219,69* x| [Contour suface  »|

Fig.51 LTB of simple supported structural member subjected to
transverse force (n=16)

Evaluation

Table 27 shows the critical force for lateral torsional buckling of the member which
calculated by hand and computed by the ConSteel software using csBeam7 model.
The result is accurate.

Tab.27 Stability analysis of member on compression (L=4000mm)

csBeam?
section critical force theory * = Tresu | 02
2 12209 |094
Welded | Per [KN] 219,6 4 12199 |09
200-12 ; 400-8 6* | 219,7 |1.000
16 | 219,7 | 1000

*) given by the automatic mesh generation (default)

Note
In the Table 27 n denotes the number of the finite elements of the csBeam7 model.
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WE-28 Lateral torsional buckling (mono-symmetric section &
constant moment)

Figure 52 shows a simple fork supported member with welded mono-symmetric | section
(flange: 200-12 and 100-12; web: 400-8) subjected to equal end moments. The critical

moment is calculated by hand and by the ConSteel software using csBeam7 and csShell3
models.

i Ul.DDkNm

N

Fig.52 Simple fork supported member with mono-symmetric | section subjected
to equal end moments (LTB)
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A) Calculation by hand

Section:
top flange
web

bottom flange

Sectional properties

Elastic modulus

Member length

Critical moment

WWW.CONSTEEL.HU

VERIFICATION MANUAL

welded mono-symmetric | section

bq:=200- mm t :=12-mm
hy, :=400- mm ty=8-mm
b2:100mm ttz :=12-mm
ZS :=248.4- mm (by GSS model of

ConSteel)
p = 123.4- mm (by GSS model of

ConSteel)

3 3

b b

1 4 4

2

4
| =1, + |y = 9000000 mm

I = 186493000 M’ (by GSS model of

y 1 ConSteel)

3 3 3 4
|t = 5.(bl.tfl + b2'tf2 + hW-tW =241067- mm

|

1
Bfi= ——— =0.889
7+ 12
tﬂ_ t

he:=hy, + — + — =412- mm
sTiwT 2

Iy =B (1- Bf)~lz~h32 ~ 150883555556 mm’

il
e::hW+tf2+ 7 —-Zg=169.6-mm

1 t
Uy:= T'{ZD‘lzl + Al-e3 - AZ‘(hs - e)3 + TW-[eA' - (hS - e)ﬂ =-51.725 mm
y

zj :=2p — 0.5q, = 149.262 mm

E :=210000- l = —— = 80769 l
2 2(1+0.3 2
mm mm
L:=6000- mm
nz»E»IZ I L2-G~ I 2
Mg = . I_ + + zj + zj =220.77KN- m
L2 z cm-E-IZ
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 53 shows the LTB of the mono-symmetric member subjected to equal end
moments. The critical moment is computed by the ConSteel software using csBeam7

finite element model.

J5: [Bucking ¥ |Teherkombinacis1(220.28)  v| [Eigenvalues-(1.) 220.28* ¥| |Contour suface v |

Fig.53 LTB of simple supported mono-symmetric structural member subjected to
equal end moments (n=16)

e Shell FE model (csShell3)

Figure 54 shows the LTB of the mono-symmetric member subjected to equal end
moments. The critical force is computed by the ConSteel software using csShell3

finite element model.

E» IBuckImg j ITeherkomblnéc:lé-'I [219.77] j IElgenvaIues-['I.] 219,??"j IDlaglam j

1

Fig.54 LTB of simple supported mono-symmetric structural member subjected to
equal end moments (6=50mm)

64

WWW.CONSTEEL.HU



Z

STEEL VERIFICATION MANUAL
Evaluation

Table 28 shows the critical moment for lateral torsional buckling of the member
which calculated by hand and computed by the ConSteel software using csBeam?7 and
csShell3 models. The result is accurate.

Tab.28 Stability analysis of mono-symmetric member subjected to equal end moments

csBeam? * csShell3?
section critical force theory * n | result | 12 5 result | 13
Welded mono- 2 |221,67 (099 | 50 |219,77 |L005
symmetric | Mer [KNm] 220,77 4 220,37 |1002 | 25 |217,13 |1016
200-12 ; 400-8 ; 6* [220,30 |1.002
100-12 16 |220,28 |1.002

*) given by the automatic mesh generation (default)

Note
In the Table 28 n denotes the number of the finite elements of the csBeam7 model, 8 denotes
the maximum shell FE size.

WE-29 Lateral torsional buckling (mono-symmetric section &
triangular moment distribution)

Figure 55 shows a simple fork supported member with welded mono-symmetric | section
(flange: 200-12 and 100-12; web: 400-8) subjected to transverse force at the middle cross-
section of the member. The critical force is calculated by hand and by the ConSteel software
using csBeam7 and csShell3 models.

Fig.55 Simple fork supported member with mono-symmetric welded I section
subjected to transverse force (LTB)
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A) Calculation by hand

Section:
top flange

web
bottom flange

Sectional properties

Elastic modulus

Member length
Coefficients*

Critical moment

VERIFICATION MANUAL

welded monsymmetric | section

bq:=200- mm ty :=12-mm
hW:=4OO-mm t,=8-mm
b2::100-mm tp :=12-mm
ZS :=248.4- mm (by GSS model of ConSteel)
Zn:=123.4 mm (by GSS model of ConSteel)
b b b 4
11 ':tﬂ’E =8000000 mm I = tQ-E =1000000 mm

4
| =1, + lp = 9000000 mm

I = 186493000 mm'  (by GSS model of ConSteel)

y

1 3 3 3 4
I = E.(bl.tﬂ +bytp + hW-tW) — 241067- mm

|
1
Bgi=—— =0.889
1+ 12
t t

he:=h,,+ — + — =412- mm
S wh 2

ly == Bg-(L - B)-1zhg” = 150883555556 mm
!
e:=hy +tp + > —-Zg=169.6- mm

t

1 w

Oy i= I—~[ZD~I21 +ALe - Ay (hg - e)3 + 7.[e“ - (hg - e)‘ﬂ =-51.725 mm
y

Zji=1p - 0.59y = 149.262 mm

N E N
E:=210000- — = ———— = 80769 —
2(1+0.3

mm mm

L :=6000- mm
EL| 1, Lol )

Mg :=Cy | |—=+ +(Cgz)" + Cz7j| = 213.88N- m

2 | 2

L z  nSEl,

M

= i cr

or =4 T =142.59 kN

*) G. Sedlacek, J. Naumes: Excerpt from the Background Document to
EN 1993-1-1 Flexural buckling and lateral buckling on a common basis:
Stability assessments according to Eurocode 3 CEN/ TC250 / SC3 / N1639E - rev2
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 56 shows the LTB of the mono-symmetric member subjected to transverse
force. The critical force is computed by the ConSteel software using csBeam?7 finite

element model.

E» IBucinng j ITeherkDmbinéci6-1 (141.98) j IEigenvaIues- (1.) 141,38 "j ICUnIUur surface j

Fig.56 LTB of simple supported mono-symmetric structural member subjected to
transverse force (n=16)

o  Shell FE model (csShell3)

Figure 57 shows the LTB of the mono-symmetric member subjected to equal end
moments. The critical force is computed by the ConSteel software using csShell3

finite element model.

B- IBucinng l] ITeherkombinécié-‘l (139.4) ll lEigenvaIues»[L] 139.4* ll IEonlour surface L]

~

Fig.57 LTB of simple supported mono-symmetric structural member subjected to
transverse force (6=25mm)
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Evaluation

Table 29 shows the critical moment for lateral torsional buckling of the member
which calculated by hand and computed by the ConSteel software using csBeam?7 and
csShell3 models. The result is accurate.

Tab.29 Stability analysis of mono-symmetric member subjected to equal end moments

csBeam? csShell3?
section critical force theory * n | result | 12 Fy result | 13
Welded mono- 2 |143,13 |09% | 50 | 1415 |1008
symmetric | Fer [kKNm] 142,59 4 142,13 |1003 | 25 | 1394 |1.023
200-12 ; 400-8 ; 8* 141,99 |1004
e 16 [141,08 |1.004

*) given by the automatic mesh generation (default)

Note
In the Table 29 n denotes the number of the finite elements of the csBeam7 model, 8 denotes
the maximum shell FE size.

WE-30 Lateral torsional buckling (C section & equal end moments)

Figure 58 shows a simple fork supported member with cold-formed C section
(150x100x30x2) subjected to equal end moments. The critical moment is calculated by hand
and by the ConSteel software using csBeam?7 model.

’_—SI.DUkNm

S

Fig.58 Simple fork supported member with cold-formed C section subjected to
equal and moments (LTB)

68

WWW.CONSTEEL.HU



STEEL

$

A) Calculation by hand

Section:
width of flange
depth
width of stiffener

plate thickness

Cold-formed C section

VERIFICATION MANUAL

b:=100- mm
d:=150- mm
d1::30-mm
t:=2-mm

Cross-sectional properties (by ConSteel GSS model)

Sectional radius*

l,, :=3106412 mm4

4

I,:=1206715 mm

6

I, := 6989423000 mm

y 4
It :=1072- mm
e:=38.0- mm eg = —-60.0- mm

Af=(d - t)-t = 296 mni

3
t-(d -t
If = u = 540299 mm4
12

t 2
As :_(dl— Ej~t_58- mm

t 2
AW::(b - E)t: 198- mm

d
IW =

h::b—£:99~mm
2

4

=209399- mm

2
t
Ayl = — < | =1084248 mm4
2 2

1 2 2 t] 4 4
Uy = I—-[e(Afe + If> + ZeS-(AS-eS + IS) +(2e-h)l, + E-[e —(h-¢e) ﬂ =-41.525 mm
z

zH:=90.9- mm
7 =7p - 0.50,=111.663 mm
Length of member L:=4000- mm
112~E-|y lo LZ-G-It
Critical moment Mey = J =+ +3 +g
L2 ly n2~E~Iy

WWW.CONSTEEL.HU

=94.108kN- m
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 59 shows the LTB of the member with C section subjected to equal end
moments. The critical moment is computed by the ConSteel software using csBeam7
finite element model.

R» IBucinng j ILDad combination-1 [33.38) j IEigenvaIues-[‘I.] 93.38" j

Fig.59 LTB of simple supported C structural member subjected to
equal end moments (n=16)

Evaluation

Table 30 shows the critical end moment for lateral torsional buckling of the C member
calculated by hand and computed by the ConSteel software using csBeam7 model.
The result is accurate.

Tab.30 Stability analysis of the C member subjected ti equal end moments

csBeam?7 ?
section critical force theory * n | result | 12
2 194,07 |09
Cold formed C M [kNm] 94,108 4 |9342 |1007
150x100x30x2 6* | 93,38 |[1.008
16 | 93,38 |1008

*) given by the automatic mesh generation (default)

Note
In the Table 30 n denotes the number of the finite elements of the csBeam7 model.

WE-31 Lateral torsional buckling (C section & equal end moments)

Figure 60 shows a simple fork supported member with cold-formed C section
(150x200x30x2) subjected to equal end moments. The critical moment is calculated by hand
and by the ConSteel software using csBeam?7 model.
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~

Fig.60 Simple fork supported member with cold-formed C section subjected to
equal and moments (LTB)

A) Calculation by hand

Section: Cold-formed C section

width of flange b:=200- mm
depth d:=150- mm
width of stiffener dq:=30-mm
plate thickness t:=2-mm
Cross-sectional properties (by ConSteel GSS model)
Iy :=6362658 mm4 I,:=5269945 mm4
Iy == 1734- mm' |, := 35770000000 M
e:=85.2-mm g :=-112.8- mm
Sectional radius* Ag:=(d —1)-t=29%- mm2
3
t-(d -t
o= S0 540200 mnd
12

t 2
AS = (dl— Ejt =58-mm

3 2
G N S
TR SV — 2| =20039 mm'
12 2 2 2
t 2
2
d 4
» ::AW(E - Ej ~ 2179448 mm

h:=b—é:199~mm
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1
—.[e-(Af-e2 + |f) + 2es-(AS~e52 + |s) +(2e—h)ly, + é-[e“ —(h- e)‘ﬂ — 30,737 mm

qx-: |

N

zp:=187.8-mm
Zi=2p - 0.5¢, =203.168 mm

Length of member L :=4000- mm
EL| 1, el )
Critical moment Mg = d o=+ +2Z +7z|=288.68kN- m
2 | 2 U
L z  n"El,

B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 61 shows the LTB of the member with C section subjected to equal end
moments. The critical moment is computed by the ConSteel software using csBeam7

finite element model.

E» I Buckling

=] | Load combination-1 (265.25)

j IEigenvaIues -[1.) 288.25 "j ID\agram j

WWW.CONSTEEL.HU

Fig.61 LTB of simple supported C structural member subjected to

equal end moments (n=16)
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Evaluation

Table 31 shows the critical end moment for lateral torsional buckling of the C member
calculated by hand and computed by the ConSteel software using csBeam7 model.
The result is accurate.

Tab.31 Stability analysis of the C member subjected ti equal end moments

csBeam7
section critical force theory * n | result | 12
2 1290,41 [0.994
Cold formed C M [KNm] 288,68 4 288,39 |1001
150x200x30x2 6* 288,28 |1.001
16 |288,25 |1001

*) given by the automatic mesh generation (default)

Note
In the Table 31 n denotes the number of the finite elements of the csBeam7 model.

WE-32 Flexural-torsional buckling (U section)

Figure 62 shows a simple fork supported member with cold-formed U section (120x120x4)
subjected to compressive force. The critical force is calculated by hand and by the ConSteel
software using csBeam?7 and csShell3 models.

~

Fig.62 Simple fork supported member with cold-formed U section subjected to
compressive force (FTB)
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A) Calculation by hand

Section: Cold-formed U section

width of flange
depth
plate thickness

Elastic modulus

Length of member

VERIFICATION MANUAL

= 80769l
2

G=——
2(1+0.3 -

Cross-sectional properties (by ConSteel GSS model)

A :=1408- mm2

1, := 2180000 mmt

I, = 3699100 mm'
It =7927- mm4

iZ:: 39.4- mm

i, :=51.3- mm

6
l,, := 5264600000 mm Y =90.1- mm

. .2 .2 2
i = ’Iy +i; +Y, =110.915 mm

I, + 1
i = [2X—2 —64.618 mm
P A
152~E-Iy
Critical forces Pcr.y = =479.176 kN
12
1 TEZ-E-|(D
Ppi=—" + Gli| =107.48 kN
o2 2
[ L
Critical compressive force
i 2 i 4 i 2
(O] (O] 2 (O]
Po = —2-(Pcr_y +Py) - —4-(Pcr_y +Py) - Pcr.y-Pm-—2 =92.768 kN
2-ip _ 4-ip ip
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B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 63 shows the flexural torsional buckling of the member with U section
subjected to compressive force. The critical force is computed by the ConSteel
software using csBeam7 finite element model.

= IBucinng =l ITeherkUmbinéciéJ m283 x| |Eigenva|ues-[w.] 9243 x| IDiagram =l

Fig.63 FTB of the simple supported U structural member subjected to
compressive force (n=16)

e  Shell FE model (csShell3)

Figure 64 shows flexural torsional buckling of the member with U section subjected
to compressive force. The critical force is computed by the ConSteel software using

csShell3 finite element model.

I_%- IBuckI\ng j ITeherkombméC\é-'I [93,55] j IElgenvaIues-['I.] 93857 j IDlagram j

T

Fig.64 FTB of the simple supported U structural member subjected to
compressive force (6=25mm)
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Evaluation

Table 32 shows the critical compressive force for flexural lateral buckling of the
member which calculated by hand and computed by the ConSteel software using both
of the csBeam7 and csShell3 models. The results are accurate.

Tab.32 Stability analysis of member subjected to compressive force

ConSteel
section critical force theory * csBeam? ? csShell3 ?
n | result | 12 o result | 173
2 93,24 |099% | 50 94,42 |00983
U 120x120x4 Per [kN] 92,77 4 192,86 [09% | 25 93,565 |0.992
cold formed 6* | 92,84 [0999
16 | 92,83 [0999

*) given by the automatic mesh generation (default)

Notes
In the Table 32 n denotes the number of the finite elements of the csBeam7 model, & denotes
the maximum size of the shell finite elements in the csShell3 model in [mm].

WE-33 Interaction of flexural buckling and LTB (symmetric I section
& equal end moments and compressive force)

Figure 65 shows a simple fork supported member with welded symmetric | section (200-12,
400-8) subjected to compressive force and equal end moments. The critical moment with
constant compressive force is calculated by hand and by the ConSteel software using
csBeam7 model.

Fig.65 Simple fork supported member with welded | section subjected to
constant compressive force and equal end moments (interaction)
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A) Calculation by hand

Section: welded symmetric | section

flange b:=200- mm tg:=12-mm
web hy, :=400- mm ty:=8-mm
Sectional properties (by GSS model)
A :=8000- mnf
Iy :=246417000 mm4 iy :=175.5- mm
I, :=16017000 mm i, :=44.7- mm
I, :=301351 mm
9 6 . .2 .2
lp:=678.210" - mm i = ’Iy +1i, =181.103mm
Elastic modulus E :=210000- N = __E = 80769 N
2 2(1+0.3 2
mm mm
Member length L:=6000- mm
n2~E~I
Critical forces Perz= =922.142 kN
' 2
L
1 TCzEl
Py=—: Gl + =1932.588 kN
.2 2
i L
2 El %G1,
Mg = T = 241.766kN - m
> |z RPE,

Critical moment with constatnt compressive force

P:=500- kN M := Mcr-j(l—ij-[l—iJ =140.8kN- m
P P
cr.z ()

B) Computation by ConSteel

e Beam-column FE model (csBeam?7)

Figure 66 shows the interactive buckling of the member with welded | section
subjected to constant compressive force and equal end moments. The critical moment
is computed by the ConSteel software using csBeam? finite element model.

I‘i» IBuckhng j ITeherKomb\nécwo’fl m j IE\genvaIues'['l.] 1" j IDlagram j

Fig.66 Interactive buckling of the simple supported structural member subjected to
constant compressive force and equal end moments (n=16)
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Evaluation

Table 33 shows the critical moment for the interactive buckling mode of the member
subjected to constant compressive force (P=500kN) and equal end moments. The
crirical moment was calculated by hand and computed by the ConSteel software using
csBeam7 model. The result is accurate.

Tab.33 Stability analysis of the member subjected to constant compressive force and equal end

moments
critical moment csBeam?7 *
section (P=500 kN) theory " T Tresult | 12
2 142,0 |0.992
Welded | Mer [KNm] 140,8 4 | 140,8 |L1.000
200-12 ; 400-8 6* | 140,8 |[1.000
16 | 140,8 |1.000

*) given by the automatic mesh generation (default)

Notes
In the Table 33 n denotes the number of the finite elements of the csBeam7 model.
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3. Design

3.1 Simple members

The following two worked examples (WE-34 & WE-35) were published in the following
paper:
HUGHES, A.F., ILES, D.C. and MALIK, A.S.: Design of steel beams in torsion, SCI

Publication P385, In accordance with Eurocodes and the UK National Annexes, p. 96
(Example 1 & 2)

WE-34: Unrestrained beam with eccentric point load

A simply supported beam spans 4 m without intermediate restraint (see Figure 67). It is
subject to a permanent concentrated load of 74 kN at mid-span, which is attached to the
bottom flange at an eccentricity of 75 mm. Verify the trial section 254UKC73 (S275). Any
restraint provided by the end plate connections against warping is partial, unreliable and
unquantifiable. The ends of the member will therefore be assumed to be free to warp.

A

—_ 254 UKC73 -

A»

A

;

2 J= 2 }47 0.075

74 kN

Fig.67 Unrestrained beam with eccentric point load
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properties SCI Publication P385 * ConSteel (csBeam7 model) ? 112
A 9.310 mm* 9.323 mm’ 0,999
I, 39.100.000 mm* 39.079.227 mm* 1,000
Woiy 992.000 mm® 992.909 mm* 0,999
W) 465.000 mm® 460.230 mm*” 1,010
It 576.000 mm* 591.937 mm* 0,973
L 562.000.000.000 mm® 556.700.000.000 mm® 1,010
fy, 275 N/mm® 275 N/mm?* ™~ 1,000

*) by EPS model (approximation)
**) by EN 1993-1-1
Design values of vertical and horizontal bending moments and shear

internal SCI Publication P385 * ConSteel (csBeam7 model) 12
force *
My eq 102 KNm 103,2 kNm 0,988
VEg 52 KNm 52,56 KNm 0,989
*) by first order theory
Maximum rotation of the beam
position SCI Publication P385 * ConSteel (csBeam7 model) 12
mid-span 0,053 rad 0,052 rad 1,019
Total (second order) minor axis bending
internal force | SCI Publication P385 * ConSteel (csBeam7 model) 12
\V/ 5,4 KNm * 5,010 KNm ** 1,078
*) approximation
**) ‘exact” numerical result by second order analysis
Warping moment
internal force | SCI Publication P385 * ConSteel (csBeam7 model) 12
My £d max 21.1 kNm * 19.77 KNm ** 1,067
*) for one flange
, 1.1, o
**) calculated from B bimoment: M, = —B—*%+——
Ia) ymax
SCI Publication P385 ConSteel
!
b
\

Warping moment M, (kNm)

Distance along beam, x/L

WWW.CONSTEEL.HU

-4.70

KkNm2

Mode  Element  M[KN] - Vyi[kN]  VeilkM]  Mxilkhm] Myilkhm] Meilim] B [KNmE] 2
3,463 -103,1z0

ical 3 4 0,000 0,000 -50,610
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Cross-sectional resistance

resistance SCI Publication P385 * ConSteel (csBeam7 model) 172
My Rd 273 KNm 273.1 KNm 1,000
M; R4 128 kKNm 126,6 kNm 1,011
Vopi.Rd 406 kN 406,8 kN 0,998
Bending resistance
used SCI Publication P385 * ConSteel (csBeam7 model) 2 12
resistance
n 0,51 * 0,988 ** 0,516
(0,421 ***) (1,210)
*) non-linear plastic interaction formula of UK Annex
**) elastic resistance formula of EC3-1-1 with warping effect (6.2.1 (5))
***) plastic interaction formula of EC3-1-1 neglecting warping effect (6.2.1 (7))
Buckling resistance
property SCI Publication P385 * ConSteel (csBeam7 model) 2 12
Mer 1.049 kNm * 1.062 KNm ** 0,999
(1.632 KNm ***)
At 0,51 0,507 0,981
Xt 0,950 0,957 1,028
My Rrd 259 KNm 273,1 KNm **** 0,986
*) computed by LTBeam software
**) force acts in centroid
***) force acts on bottom flange (basic condition of the example)
*xx%) with f,=275N/mm? (EC3-1-1)
Interaction between LTB, minor axis bending and torsion effects
used capacity SCI Publication P385 * ConSteel (csBeam7 model) 12
n 0,66 * 0,419 *= 1,575

*) by the special formula specified by UK National Annex for EN 1993-1-1
**) by the General Method EN 1993-1-1 6.3.4 with M, taken eccentricity into consideration but
neglecting the effect of warping moment

Evaluation

The worked example of SCI Publication P385 Example 1 is a hand design oriented
example using approximations to take torsional behavior and second order effects into
consideration. Interaction design between LTB, minor axis bending and torsion effects
was calculated by the special formula specified by the UK National Annex for
EN1993-1-1. ConSteel software uses exact numerical solution for torsion and second
order effect. ConSteel uses the General Method of EN 1993-1-1 for interaction
buckling design which neglects the effect of warping in the design. ConSteel uses
elastic cross-section resistance formula taking the warping effect into consideration.
However, the design by UK Annex leads to considerable higher resistance than the
EC3-1-1 (58%).
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WE-35: Crane beam subject to two wheel loads
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A crane beam spans 7.5 m without intermediate restraint (see Figure 68). Verify the chosen
533 x 210 UKB 101 section under the condition shown below, in which two wheel loads 3 m
apart act at rail level 65 mm above the beam. The ULS design values of the loads from the
wheels of the crane are 50 kN vertical together with 3 KN horizontal. Allow 2 kN/m for the
design value of the self weight of the beam and crane rail. Consider the design effects for the
location shown below (which gives maximum vertical bending moment). Assume that an
elastomeric pad will be provided between the rail and the beam. According to EN 1993-6,
6.3.2.2(2), the vertical wheel reaction should then be taken as being effectively applied at the
level of the top of the flange and the horizontal load at the level of the rail.

3 | ,ﬁs |
. 0.065
Rail level n "
7'7’7’7’7'7'7'47'7'7'7'7'7’7’7’7'7'77?556&8&576?5{ ''''''''' |
r s A
| \
' 7.5 ‘
3m(=04L) 50kN 50kN
6m (=0.8L)
MMMW
A A
| |
L=75m
(Elevations)
l 3kN lSkN
j==| Y u =1
A A

(Plan view)

Fig.68 Crane beam subject to two wheel loads

Section properties

properties SCI Publication P385 * ConSteel (csBeam7 model) 12
A 12.900 mm® 12.867 mm® 1,003
l, 26.800.000 mm* 26.857.000 mm* 0,998
Wiy 2.610.000 mm® 2.613.112 mm® 0,999
Wi 399.000 mm’ 383.670 mm®~ 1,040
It 1.010.000 mm* 1.016.404 mm* 0,994
luy 1.810.000.000.000 mm® 1.811.000.000.000 mm® 1,000
fy 265 N/mm’ 275 N/mm*™ 0,964

**) by EPS model (approximation)
***) by EN 1993-1-1
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Design values of vertical and horizontal bending moments and shear

internal SCI Publication P385 * ConSteel (csBeam7 model) 12
force *
My Ed 133,5 kNm 133,5kNm 1,000
M_Eq 7,2 KNm 7,2 KNm 1,000
*) by first order theory
Maximum rotation of the beam
position SCI Publication P385 * ConSteel (csBeam7 model) 172
LH wheel 0,84 deg 0,834 deg 1,007
maximum * - 0,876 deg -
*) not given by the publication
Total (second order) minor axis bending
internal force SCI Publication P385 * ConSteel (csBeam7 model) ? 12
M; Eq 9,2 KNm * 10,87 KNm ** 0,846
*) approximation
**) ‘exact’ numerical result
Warping moment
internal force SCI Publication P385 * ConSteel (csBeam7 model) ? 12
My Ed.max 2,28 kKNm * 2,14 KNm* ** 1,065
*) for one flange
**) bimoment
ConSteel

SCI Publication P385

=

B 8 5

Warping moment M, (kNm)

=
B

— LH wheel
RH wheel

— Total, two wheels

Distance along beam, x/L

Cross-sectional resistance

2.14 kNm2

1.58 kNm2

resistance SCI Publication P385 * ConSteel (csBeam7 model) ? 12
My Rrd 692 kNm 718,6 KNm * 0,963
M; R4 106 kNm 105,5 kNm * 1,005
Vopird 952 kN 982,6 KN * 0,967
*) calculated with f,=275N/mm’
Buckling resistance
property SCI Publication P385 * ConSteel (csBeam7 model) 172
Mer 320 KNm 320,4 KNm 0,999
At 1,47 1,498 0,981
Xit 0,401 0,39 1,028
My Rrd 277 KNm 280,5 kNm 0,986
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Interaction between LTB, minor axis bending and torsion effects
used capacity SCI Publication P385 * ConSteel (csBeam7 model) 172
n 0,62 * 0,579 ** 1,071

*) by the special formula specified by UK National Annex for EN 1993-1-1
**) by the General Method EN 1993-1-1 6.3.4

Evaluation

The worked example of SCI Publication P385 Example 2 is a hand design oriented
example using approximations to take torsional behavior and second order effects into
consideration. Interaction design between LTB, minor axis bending and torsion effects is
calculated by the special formula specified by UK National Annex for EN1993-1-1.
Contrary, the ConSteel software uses exact numerical solution for torsion and second
order effect and it uses the General Method of EN 1993-1-1 for interaction buckling
design (neglecting the effect of torsion). However, the deviation in the governing
result of the design by the two approaches is not more than 7%.

WE-36 Simply supported beam with lateral restraint at load
application point

Figure 69 shows a Simply supported beam with lateral restraint at load application point

A) Verification

Access Steel example (SX007): Simply supported beam with lateral restraint at load
application point

S 355 EN 10025-2, IPEA 600

10000 mm

Fig.69 Simply supported beam with lateral restraint at load application point
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Pl
X, Y, EXX

10000 mm

P2
YiZ XX

Loads
Permanent loads
Self weight of the beam +147kN at 5000mm

_Impu:used load

-147.00kN
3 10000 mm
Imposed loads
-87.50kN
10000 mm
Load combinations
Mame _Limit ctate Self Weight _ Permanent load
Load combination-1 (ULS) Ultimate Ll1,35 135 1.5

WWW.CONSTEEL.HU
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Moment diagram — Load Combination 1

Bending moment value at midspan (5000 mm)

-842.11 kNm

Load combination | ConSteel first order Reference value[kKNm] Difference[%0]
analysis results [kKNm]
Combination 1 -842,11 -842,13 0,0
Shear diagram — Load Combination 1
164.85 kN 171.99 kN
-171.99 kN ‘ ‘ -164.85 kN
Dominant shear force
Load combination | ConSteel first order Reference value[kN] Difference[%]
analysis results [kN]
Combination 1 -171,99 172 0,0
86
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Beam verification

Section classification
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ConSteel results

Reference result

lW

1 § 1

qﬁ_ui_m&:s_u_m

All plates are class 1

Cross section resistance check

Bending about the major axis

ConSteel results

Reference
results

Difference[%]

Bending about the major axis

Utilization 75,0 %

Section class 1

Applied part of standard | 6.2.5 (1H3) - (6.12-6.15) formula
MyEd -842,1 kNm

My, Fd 1115,1 kNm

W plumiin 3 141 180,8 mm?

fy 355,0 Nfmmé

IO 1,0

M¢ re=1115 kN

0,0
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Minor axis shear
ConSteel results Reference Difference[%]
results
Minor axis shear
Utilization 11,5 %
Section class 1
Applied part of standard | 6.2.6 (13} - (6.17, 6.18) formula
VzEd 164,8 kN
VeeRd 1437,5 kN Vr4=1437 kN 0,0
Az 7 013,5 mmz
fu 355,0 Nfmm2
TR0 1,0

Stability check of the beam

Lateral torsional buckling

ConSteel results Reference results | Differen
ce[%]
Surmmary of results
Used capacity in Bteraktorsional buckling: 80,5%
Place of the dominant cross section: 5000 rmm from the first n
Mumber of the dominant finite element: 4
Place of the dominant FE node: k
Class of the dominant cross section for compres: 1
Used part of standard: 6.3.2(6.46-6.49) formula
Detailed calculation
My.Ed 842,1 kNm
My.bRd 040,92 kNm M=942,2 KNm 0,1
Mer 1585,3 kNm Mc=1590 KNm 0,3
L 3000 mm
k 1,000
L 1,000
(W 1,770
Cz 1,000
Cz 0,939
Zg 0 mm
e 0,839 M 1=0,837 0,2
oLT 0,490
-] 0,871
ALT 0,739
FLTmead 0,844 #7=0,740 0,0
f 0,876 5
- 075 £=0,876 0,0
Woely 3141180,8 mm? ke=0,752 0.0
fy 355,0 N/mm?
T 1,0
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WE-37 Simply supported laterally unrestrained beam

Figure 70 shows a simply supported beam.
A) Verification
Acces Steel example (SX001): Simply supported laterally unrestrained beam

S 235 EN 10025-2, IPE 330

5700 mm

X,V,EZ,XX Y,Z;,XX
5700 mm ‘
-
Fig.70 Simply supported beam
Loads

Permanent loads
Self weight of the beam is calculated by ConSteel

=9.07kN/m

Imposed loads

-6.25kN/m

89

WWW.CONSTEEL.HU


http://www.access-steel.com/Discovery/ResourcePreview.aspx?ID=TMKgeczLd0dxOhCswejLtA==

$ STEEL

Load combinations

VERIFICATION MANUAL

Mame | Limit state DL LL
Load combination-1 (ULS) Ultimate j1,35 15
Analysis results
Moment diagram — Load Combination 1
| -90.48 KNm
Bending moment value at midspan (2850 mm)
Load combination | ConSteel first order Reference value[kKNm] Difference[%]
analysis results [kNm]
Combination 1 -90,48 -90,48 0,0
Shear diagram — Load Combination 1
-63.50 kN —
Dominant shear force
Load combination | ConSteel first order Reference value[kN] Difference[%6]
analysis results [kN]
Combination 1 -63,50 -63,50 0,0
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ConSteel results

Reference result

w

1 ; 1

9
6 15 i514Mp33 12 12

All plates are class 1

Cross section resistance check

Bending about the major axis

ConSteel results

Reference results

Difference[%]

Bending about the maje

Utilization 47,9 % 47,9 0,0
Section class 1

Applied part of stang 6.2.5 (13} - (6.12-6.15) formula

MyEd -90,5 kNm

My.c.hd 189,0 kNm Mc,Rd:189a01 kN 0,0
W ply.min 804 330,7 mm?

fy 235,0 Nfmmé

TR0 1,0

Minor axis shear

ConSteel results

Reference results

Difference[%]

Minor axis shear

Utilization 15,2 % 15,2 0,0
Section class 1

Applied part of stang 6.2.6 (1)-(3) - (6.17, 6.18) formula

V:Ed -63,5 kN

VzcRd 418,0 kN Vpi2,ra=417,9 KN 0,02
Az 3 080,9 mm?2

fy 235,0 NfrmmZ

TRAD 1,0
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Stability check of the beam

Lateral-torsional buckling

VERIFICATION MANUAL

ConSteel results Reference results | Differen
ce[%]
Lateral-torsional buckling
Summary of results
Used capacity in lteraktorsional buckling: 98,2% 98,1 0,10
Place of the dominant cross section: 2850 mm from the first n
Number of the dominant finite element: 3
Place of the dominant FE node: k
Class of the dominant cross section for compres) 1
Used part of standard: 6.3.2(6.46-6.49) formula
Detailed calcuktion
My.Ed 90,5 kMNm
MybFd 92,2 kNm Mp,rd=92,24KNm 0,04
Mer 113,8 kNm M.=113,9 KNm 0,09
L 5700 mm
k 1,000
ko 1,000
(8 1,132
Cz 0,459
Cz 0,525
I3 165 mm
- 1,289 AT=1,288 0,08
oLT 0,490
= 1,341 $=1,34 0,0
LT 0,480 x.1=0,480 0,0
FLTmod 0,488 ALTmoa=0,488 0,0
; 0,084 f=0,984 0,0
. 0040 k:=0,94 0,0
Wply 804330,7 mm?
fi 235,0 M/mmZ
FhM 1,0
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WE-38 Simply supported beam with continuous lateral and twist restraint

Figure 71 shows a simply supported beam. The beam is continuously braced against lateral
deflections and twist rotations.

A) Verification

The Behaviour and Design of Steel Structure to EC3 (fourth edition): 7.7.2 Example 2

S 275 EN 10025-2, UB 254x146x37

Y

9000 mm

9000 mm
-

Fig.71 Simply supported beam with continuous lateral and twist restraint

Loads
-20.00kN
[ |
v -200.00kN
i 9000 mm ‘
-y

Analysis results

Moment diagram

_ -45.00 kNm

Bending moment value at midspan (4500 mm)
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Load combination | ConSteel first order Reference value[kNm] Difference[%]
analysis results [KNm]
Combination 1 -45,00 -45,00 0,0

Beam verification

Section classification

ConSteel results

Reference result

I‘i.@?f‘in’.

All plates are class 1

Cross section resistance check

Compression

ConSteel results

Reference results

Difference[%]

Compression
Utilization 15,4 %
Section class 1
Applied part of stang 6.2.4 (1)}+2} - (6.9-6.11) formula
MEd -200,0 kM
Ne.FRd 1 297,1 kN No results
A 4 716,6 mm:
fy 275,0 Nfmmz2
Th0 1,0
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ConSteel results Reference results | Difference[%)]
Bending about the majt
Utilization 33,9 %
Section class 1
Applied part of stancg 6.2.5 (1)-(3) - (6.12-6.15) formula
MyEd -45,0 kNm
Myod 132, km M ra=132,8 kN 0,0
Wply.min 483 230,8 mm?*
fy 275,0 N/mm2
P 1,0
Minor axis shear
ConSteel results Reference results | Difference[%]

Minar axis shear
Utilzation
Section class

32,6 %
1

Applied part of stanc 6.2.6 (1)-(3) - (6.17, 6.18) formula

VzEd
1I||lrz,-:,FIu:I
Az

fy

0

-10,0 kN
279,3 kN

1 759,4 mm?2
275,0 NfmmZ
1,0

No results

Stability check of the beam

Strong axis buckling

ConSteel results

Reference results

Difference[%]

ME4 200,0 kN
Nb Fid 902,6 kN Np ¢=900kN 0,29
Mer 1418,0 kN
L 9000 mm
k 0,999
}‘ |:| 956 }\4:0,960 '0,42
0,210
- o =1,041 -0,38
: = 0,43
7 0,606 %=0,693
A 4716,6 mm2
fy 275,0 Nfmm?
TR 1.0
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Interaction of buckling and bending
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ConSteel results Reference | Difference[%)]
results
Summary of results
Used capacity 57,7% 57,9% 0,35
Used part of standard: 6.3.3 (6.61-6.62) formuk
Applied method for interaction factors Method 2 (Annex B}
Strong axis buckling
Sumrmary of results
Used capacity in teral buckling: 22,2%
Place of the dominant cross section: 0 mm from the first node
Number of the dominant finite element: 1
Place of the dominant FE node: i
Class of the dominant cross section for comprest 2
Used part of standard: 6.3.1(6.46-6.49) formul
Detailed calculation
Results of major axis bending
Capacity of major axis bending check: 33,9%
Place of the dominant cross section: 4500 mm from the first n
Mumber of the dominant finite element: 4
Place of the dominant FE node: i
Class of the dominant cross section for bending: |1
Used part of standard: 6.2.5 (6.12-6.15) formuk
MyEd 45,0 kNm
My.bFd 132,9 kNm
Wply 483230,8 mm?
fy 275,0 Nfmm2
TR 1,0
Interaction factors
Used part of standard: Annex B, Table B1-B3
uy 1,051 kyy=1,052 0,0
Crmy 0,900 Cmy:O’QO 0,0
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WE-39 Two span beam

Figure 72 shows a two span beam. The beam is braced against lateral deflections and twist
rotations in the middle.

A) Verification

The Behaviour and Design of Steel Structure to EC3 (fourth edition): 7.7.3 Example 3

S 275 EN 10025-2, UB 254x146x37

9000 mm

-}
|
P1 P2 P3
)(,y',;Z,XK ¥ Z, XX VrZy XX
9000 mm
- >

Fig.72 Two span beam

Loads

-3.20kN/m

. -200.00kN

i

9000 mm
-t >

Analysis results

Moment diagram

8.07 kNm
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Bending moment value at middle support (4500 mm)

Load combination | ConSteel first order Reference value[kNm] Difference[%]
analysis results [KNm]
Combination 1 8,07 8,10 0,37
Beam verification
Section classification
ConSteel results Reference result
1 & 1
Flange is class 1
Web is class 2
25
1 1

Cross section resistance check

Compression

ConSteel results

Reference results

Difference[%]

Compression
Utilization 15,4 %
Section class 2
Applied part of stang 6.2.4 (1)}-(2} - (6.9-6.11) formula
MEd -200,0 kM
NeFd 1 297,1 kN No results
A 4 716,6 mm?
fy 275,0 Nfmm?
TR0 1,0

WWW.CONSTEEL.HU
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Bending about the minor axis

VERIFICATION MANUAL

ConSteel results

Reference results

Difference[%]

Bending about the ming

Utilization 25,1 %

Section clss 2

Applied part of stang 6.2.5 (1)-(3) - (6.12-6.15) formula
MzEd -8,1 kMNm

Mz, Fd 32,1 kNm

W pl.z.min 116 809,6 mm?

fy 275,0 Nfmmz2

0 1,0

MC,Z,Rd:32!7 kN

1,84

Major axis shear

ConSteel results

Reference results

Difference[%]

Major axis shear

Utilization 1,8 %

Section class 2

Applied part of stanc 6.2.6 (1}-3) - (6.17, 6.18) formul
VyEd 9.0 kN

Ve Rd 506,7 kN

Ay 3 191,5 mm?

fy 275,0 Nfmmz2

TR 1,0

No results

Stability check of the beam

Weak axis buckling

ConSteel results Reference results | Difference[%]
NEd 200,0 kN
NbFd 448,6 kN Np,q=449kN 0,09
Ner 584,0 kN
L 4500 mm
k 0,999
" 1.490 A=1,490 0,0
o 0,340 $=1,829 0.06
® 1,830 —0.346 0.0
1 0,346 =5
A 4716,6 mm2
fi 275,0 Nfmmz
TN 1,0
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Interaction of buckling and bending

VERIFICATION MANUAL

ConSteel results Reference | Difference[%]
results
Summary of results
Used capacity 67,2% 66,6% 0,01
Used part of standard: 6.3.3 (6.61-6.62) formuk
Applied method for interaction factors Method 2 (Annex B)
Weak axis buckling
Surnrmary of results
Used capacity in lateral buckling: 44 6%
Place of the dominant cross section: 0 mm from the first node
NMumber of the dominant finite element: 1
Place of the dominant FE node: i
Class of the dominant cross section for compres: 2
Used part of standard: 6.3.1(6.46-6.49) formula
Detailed calculation
Results of minor axis bending
Capacity of minor axis bending check: 25,1%
Place of the dominant cross section: 4500 mm from the first n
Mumber of the dominant finite element: 16
Place of the dominant FE node: j
Class of the dominant cross section for bending: | 1
Used part of standard: 6.2.5 (6.12-6.15) formuk
MzEd 8,1 kNm
Mz.bFid 32,1 kNm
Wz 116809,6 mm?
fy 275,0 NfmmZ
TR 1,0
Interaction factors
Used part of standard: Annex B, Table B1-B2
kaz 0,898 Kyy=0,893 0,56
Crme 0,553 Cm:=0,55 0,55
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WE-40 Simply supported beam

Figure 73 simply supported beam. The lateral deflections and twist rotations are prevented at
midspan.

A) Verification

The Behaviour and Design of Steel Structure to EC3 (fourth edition): 7.7.4 Example 4

S 275 EN 10025-2, UB 254x146x37

9000 mm

P3
VXX
P P2
x,y,;z,xx y,z;.xx
H 9000 mm :

Fig.73 Simply supported beam

Loads
-20.00kN
v - -200.00kN
| 9000 mm ;
-y |

Analysis results

Moment diagram

-45.00 kNm

Bending moment value at midspan (4500 mm)
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Load combination | ConSteel first order Reference value[kNm] Difference[%6]
analysis results [kKNm]
Combination 1 45,00 45,00 0,0

Beam verification

Section classification

ConSteel results

Reference result

lli.@?.“i’.

All plates are class 1

Cross section resistance check

Compression

ConSteel results Reference results | Difference[%]
Compression
Utilization 15,4 %
Section class 1
Applied part of stanc 6.2.4 (1H2) - (6.9-6.11} formula
MEd -200,0 kN
NoFd 1297,1 kN No results
A 4 716,6 mmé
fy 275,0 N/mmZ
RO 1,0
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VERIFICATION MANUAL

ConSteel results

Reference results

Difference[%]

Bending about the majq

Utilzation
Section class

33,9 %
1

Applied part of stanc 6.2.5 (13} - (6.12-6.15} formula

MyEd
My.cRd
Wply.min
fy

Fll

-45 0 kNm
132,9 kNm

483 230,8 mm?
275,0 Nfmmg2
1,0

Mcra=132,8 kN

0,0

Minor axis shear

ConSteel results

Reference results

Difference[%]

Minar axis shear
Utilzation
Section class

3,0 %
1

Applied part of stanc 6.2.6 (1)-(3) - (6.17, 6.18) formula

VzEd
VacRd
.IﬁLZ

fy

F0

-10,0 kN
279,3 kN

1 7594 mmZ
275,0 Nfmm2
1,0

No results

Stability check of the beam

Strong axis buckling

ConSteel results

Reference results

Difference[%]

MEM 200,0 kN
Nb,Fd 902,6 kN Np ¢=900kN 0,29
Mor 1418,0 kN
L 000 mm
k 0,999
" 0.956 2=0,960 0,42
0,210
- o =1,041 0,38
! = 0,43
7 0,696 %=0,693
A 4716,6 mm2
fy 275,0 N/mm?
TR 1.0
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Weak axis buckling

VERIFICATION MANUAL

ConSteel results Reference results | Difference[%]
MEd 200,0 kN
Mb,Rd 448,6 kN Np,q=449kN 0,09
Mer 584,0 kN
L 4500 mm
k 0,999
N 1,490 A=1,490 0,0
o 0,340
: m | mE |G
p 0,346 x=H ’
A 4716,6 mm?2
fy 275,0 Nfmm2
TR 1,0
Lateral-torsional buckling (see 6.15.2 page 278)
ConSteel results Reference results | Difference[%]
My.Ed 45,0 kNm
My Fid 123,6 kNm Mp¢=121,4kN 1,81
M 205,7 kNm
L 4500 mm
k 0,998
kw 0,982
Ci 1,835
Ce 1,000
Cs 0,943
Iy 0 rmm
ALT 0,804
LT 0,240
ES 0,811 ¢.7=0,828 2,05
LT 0,815
FLT.mod 0,930
F 0,876 f:0,878 0,23
ke 0,752
Wely 483230,8 mm?
fy 275,0 Nf/mmg2
R 1,0
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Interaction of strong axis buckling and lateral-torsional buckling

ConSteel results Reference | Difference[%]
results
Summary of results
Used capacity 60,4% 61,2% 1,31
Used part of standard: 6.3.3 (6.61-6.62) formuk
Applied method for interaction factors Method 2 (Annex B}
Strong axis buckling
Summary of resuls
Used capacity in lateral buckling: 22,2%
Place of the dominant cross section: 0 mm from the first node
Mumber of the dominant finite element: 1
Place of the dominant FE node: i
Class of the dominant cross section for comprest 2
Used part of standard: 6.3.1{6.46-6.49) formula
Detailed calculation
Lateral-torsional buckling
Surmrmary of results
Used capacity in kateraltorsional buckling: 36,4%
Place of the dominant cross section: 4500 rmm from the first n
Number of the dominant finite element: 4
Place of the dominant FE node: k
Class of the dominant cross section for compres: 1
Used part of standard: 6.3.2(6.46-6.49) formula
Detailed calculation
Interaction factors
Used part of standard: Annex B, Table B1-B3
K 1051 Kyy=1,052 0,10
Crmy 0,900
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Interaction of weak axis buckling and lateral-torsional buckling

ConSteel results Reference | Difference[%]
results
Summary of results
Used capacity 76,3% 76,9% 0,78
Used part of standard: 6.3.3 (6.61-6.62) formulz
Applied method for interaction factors Method 2 (Annex B)
Weak axis buckling
Summary of results
Used capacity in fateral buckling: 44,6%
Place of the dominant cross section: 0 mm from the first node
Mumber of the dominant finite element: 1
Place of the dominant FE node: i
Class of the dominant cross section for compres: 2
Used part of standard: 6.3.1(6.46-6.49) formula
Detailed calculation
Lateral-torsional buckling
Summary of results
Used capacity in lateraktorsional buckling: 36,4%
Place of the dominant cross section: 4500 mm from the first n
Mumber of the dominant finite element: 4
Place of the dominant FE node: k
Class of the dominant cross section for compres: 1
Used part of standard: 6.3.2(6.46-6.49) formula
Detailed calculation
Interaction factors
Used part of standard: Annex B, Table B1-B3 _
. 0673 k,y=0,873 0,0
CmLT 0,600
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3.2 Simple structures

WE-41 Analysis of a single bay portal frame

Figure 74 shows a single bay portal frame model made from hot rolled sections. The column
base joint is pinned all other joints are rigid.

A) Verification

Access Steel example (SX029): Elastic analysis of a single bay portal frame

5275, 1P S275, IPE 500

1312 mm

5275, IPE 600
S$275, IPE 600
5988 mm

30000 mm

Fig.74 Single bay portal frame with hot-rolled sections

3000 mm 3000 mm 3000 mm 3000 mm 3000 mm
7 P6
i P5 ¥
: Pa Y pi5
P3 1PE 500 y L Y
i P2 ¥ P ’_
Pi2 ¥ I Y
Y R

IPE 600

z

30000 mm
P18
VIZ!ZZX

Fig.75 Torsional restraints
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$ CONSTEEL VERIFICATION MANUAL

Loads
Permanent loads

o

Snow loads

GP -4.45kN/m l GP -4.45kN /m

I N

Wind loads

1460 m
00 mm

30000 mm

Imperfection load

0.5

Load combinations

108
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Marme _ Lirmnit state Permanent _Imperfectiu:un _ Snow _Winu:l left
Load combination-101 (ULS) Ultimate LII,SS 1 1.5 0
Load combination-102 | (ULS) Ultimate j 1 ] ] 15
Load combination-103 | (ULS) Ultimate ﬂ 135 ] 15 049
Load combination-104  (ULS) Ultimate j 1 ] 1.5 0.9
Load combination-105  (ULS) Ultimate j 1,35 ] 075 1.5
Load combination-106 | (ULS) Ultimate ﬂ 1 i] 0,75 15
Analysis results
Moment diagram — Combination 101
-299.21 kNm
750.85 kNm ) -755.30 kNm
Bending moment value at beam to column joint
Load combination ConSteel first order Reference value[kNm] Difference[%]
analysis results [kNm]
Left corner |Right corner | Left corner |Right corner | Left corner Right corner
Combination 101 751 755 748 755 +0,4 0,0
Combination 102 -439 -233 -446 -235 -1,6 -0,9
Combination 103 361 485 356 483 +1,4 +0,4
Combination 104 286 410 281 408 +1,7 +0,4
Combination 105 -132 74 -140 12 -5,7 +2,7
Combination 106 -207 0,6 -215 -3 -3,7 -
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ConSteel results

Reference result

i § 1

L
L]

22434

8

w

1

9
6 15 iSi4p33

1

12 12

All plates are class 1

Cross section resistance check

Compression

ConSteel results Reference results | Difference[%)]
Compression
Utilization 3,8%
Section class 1
Applied part of standard 6.2.4 (1H2) - (6.9-6.11) formula
MEd -163,7 kN
Ne.Rd 4 289,6 kN Nra=4290 kN 0
A 15 598,4 mm2
fy 275,0 Nfmmé
5] 1,0
Bending about the major axis
ConSteel results Reference Difference[%]
results

Bending about the major axis

Utilization 79.6 %
Section class 1
Applied part of standard 6.2.5 (1H3) - (6.12-6.15) formul
MyEd -768,4 kNm
My.c.Fid 965,9 kNm My,ra=965,8 kN 0,1
W plumiin 3 512 3997 mm?
fu 275,0 N/mm:Z
0 1,0
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Minor axis shear

VERIFICATION MANUAL

ConSteel results Reference Difference[%]
results
Minor axis shear
Utilization 9,6 %
Section class 1
Applied part of standard 6.2.6 (1)+3) - (6.17, 6.18) formula
VzEd -127,8 kN
VaeFd 1 330,3 kN Vra=1330 kN 0,0
Az 8 378,4 mmz
fu 275,0 N/mmz2
0] 1,0

Stability check of the column

Strong axis (y-y) flexural buckling

ConSteel results Reference results | Difference]
%]

Used capacity in lateral buckling: 4,1%

Place of the dominant cross section: 0 mm from the first ne

Mumber of the dominant finite element: 1

Place of the dominant FE node: i

Class of the dominant cross section for compras: 1

Used part of standard: 6.3.1(6.46-6.49) form
MEd 173,3 kN
Mb,Fd 4209,2 kN
Mer 53258,8 kN N¢=53190 kN 0,1
L 5988 mm
k 1,000
i 0,284 7\,:0,284 0,0
o 0,210
== 0,249
’ s x=0,9813 0,0
A 15598,5 mm:2
fy 275,0 Nfmm?
T 1,0
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Weak axis (z-z) flexural buckling

ConSteel results Reference Difference[%]
results

Used capacity in lateral buckling: 11,6%

Place of the dominant cross section: 0 mm from the first n

Mumber of the dominant finite element: 1

Place of the dominant FE node: i

Class of the dominant cross section for compres: 1

Used part of standard: 6.3.1(6.46-6.49) forn
MEd 173,3 kN
Mb,Fd 1493,1 kN
Ner 1947,1 kN Ne=1956 kN 0,5
L 5988 mm
k 1,000
) 1,484 2=1,484 0,0
o 0,340
& 1,820
¥ 0,348
A 15508,5 mm2 %=0,3495 04
fy 275,0 Mfmmz
T 1,0
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ConSteel results Reference results | Differen
ce[%]
Used capacity in lateral-torsional buckling: 91,0%
Place of the dominant cross section: 5988 mm from the fir:
Mumber of the dominant finite elerment: 6
Place of the dominant FE node: k
Class of the dominant cross section for compres: 1
Used part of standard: 6.3.2(6.46-6.49) form
MyEd 753,3 kNm
MybFd 827,6 kNm
Mer 1431,1 kNm Mq=1351 KNm 5,9
L 5988 mm
k 1,000
b 1,000
C1 1,879
Cz 1,000
Cz 0,939
2 o rmm AL7=0,8455 2,8
ALT 0,822
LT 0,490
== 0,857
AT 0,750 xL7=0,7352 2,0
FLT.mad 0,856
f 0,876
ke 0,752
Woely 3515482,3 mm?
fy 275,0 N/mmz2
iE | 1,0
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ConSteel results Reference D
results ifference
[%]
kay 0,513 k,y=0,5138 0,2
Crry 0,963 Cmy=0,9641 0,1
CmLT 1,000 Cm.7=0,9843 1,6
e 0,340 1,=0,9447 0,5
Cay 0,927 Czy:O,9318 0,5
kay 0,982 k,,=0,9818 0,0
Crmy 0,963 Cmy:0a9641 0,2
CmLT 1,000 CmLT=0,9843 1,6
My 1,000
1,=0,9999 0,0
Cuy 0,984
C,y=0,8739 12,9
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WE-42 Analysis of a continuous column in a multi-storey building using an
H-section

Figure 77 shows a multi-storey frame model made from hot rolled sections. It is calculated
with two different support systems. The designed column is signed with pink colour.

IPE 450 IPE 450 IPE 450
E o ) o o
£ e © =] =]
N N o o
e < < < <
o w w w w
n T T T T
IPE 450 IPE 450 IPE 450
E = =] =] -]
£ © =] =] =]
N N ~ o
e < < < <
g w w w w
S I I I T
IPE 500 IPE 500 IPE 500
E o -] -] -]
E < <+ <+ <
~ o N N
3 < < < <
wi w w w
S I T I I

7000 mm 7000 mm 7000 mm
X

Fig.77 Multi-storey frame

A) Verification
Access Steel example (SX010): Continuous column in a multi-storey building using an H-
section

Loads
Normal force on the top of the columns: 743 kN
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P7 P8 P12 P13
Y
E
E
o
o
1n
]
P6 P9 P14
XY
E
E
[~
Q
=]
<+
A5 P10 P11 P15
Y
E
E
o
=]
=]
) L
""""""" A1 P2 P3 Pla
z Fixed Fixed Fl)ged Fixed
7000 mm 7000 mm 7000 mm
X

Fig.78 Support of the non-sway frame

Effective length factor
According to the Access Steel example: 0,601

Buckling resistance of the column

ConSteel results Reference Difference
results [%]
MEd 743,0 kN
Mb,FRd 1784,9 kN Nb,rd=1784kN +0,05
Mer 13242,8 kN Ncr=13250kN -0,05
L 4000 mm
k 0,601
N 0,380 2=0,38 0
o 0,340
S 0,603 ¢=0,603 0
% 0,034 7=0,934 0
A 5383,2 mmZ
fy 355,0 Nfmm2
TR 1,0
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P13

P7 P8 P12
E
E
1=
[~]
n
m
P& P9
E
E
e
(=]
=]
<
Pl5 P10 P11
E
E
(=
=]
=4
) L
Pl P2 P3’
z Fixed Fixed Fixed

7000 mm 7000 mm
X

7000 mm

Fixed

Fig.36 Support of the sway frame

Effective length factor
According to the Access Steel example: 1,079

Buckling resistance of the column

ConSteel results Reference Difference
results [%]
MEd 743,0 kN
MbFd 1516,9 kN Np ¢=1516kN +0,05
Mor 4108,5 kN N¢=4102kN +0,16
L 4000 mm
k 1,079
. 0,682 2=0,682 0
o 0,340 $=0,815 0
=3 0,815 s 0
. 0,794 x=0,794
A 5383,2 mmé
fy 355,0 Nfmm2
TR 1,0
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4. Special issues

WE-43 Dynamic analysis of a footbridge

Figure 79 shows a 120m span steel footbridge. This example shows the comparison of the
dynamic Eigen frequencies with other software products and with the on-site measurements.
(The ConSteel model was created by Péter Kolozsi M.Sc structural engineer student at

BUTE.)

Fig.79 Footbridge

Fig.80 Footbridge ConSteel model
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Fig.81 First dynamic eigenshape (0,57 Hz)

Fig.82 Second dynamic eigenshape (0,61 Hz)
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37.54 .

Fig.82 Third dynamic eigenshape (1,30 Hz)

Eigenfrequencies [Hz]

1 2 3 4 5 6 7 8 9 10

ConSteel 0,57 |0,61 |1,30 |1,41 (151 |168 [2,26 |2,41 2,86 |2,90

2,12

Midas Civil 0,558 0,62 |1,24 |1,32 (152 |1,68 2,37 12,86 |2,86

Ansys 0,60 061 |1,15 |1,46 |152 |1,74 |2,15 |2,44 2,83 |2,89

Measurements at site #1 054 |056 |1,10 |1,46 |1,46 |1,68 |2,15 |254 |2,83 |2,95

Measurements at site #2 0,71 |0,71 |1,22 |1,49 |1,49 |1,81 |2,31 |2,59 |2,83 |2,95
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