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Deflections Section 6.4.6
Deflections should be determined for the load combination at the relevant Serviceability
Limit State, with:
Load factors 4 = 1,00 (permanent loads) and 4 = 1,00 (variable loads) EN 1991
Permanent actions (G): 2 kN/m? and Variable actions (Q): 3 kN/m?
Load case to be considered at SLS, assuming distance between adjacent beams is 1,0 m :
g | oGy JoiQu S5.0kNih EN 1991
J
The deflection of elastic beams may be estimated by standard structural theory, except that
the secant modulus of elasticity should be used instead of the modulus of elasticity:
£ E, E, Eq. 6.52
° 2
where:
Es is the secant modulus corresponding to the stress in the tension flange and
Es, is the secant modulus corresponding to the stress in the compression flange
Esiand Es for the appropriate serviceability design stress can be estimated as follows:
Eq. 6.53
E, £ - and i =12 q
’ Voo S
1 0,002 £ —LEdser ¥
‘{Ed,ser fy ©
where:
VEdser 18 the serviceability design stress in the tension or compression flange
n is the Ramberg Osgood parameter; for austenitic stainless steel 1.4401, n =17. Table 6.4
The non-linear stainless steel stress-strain relationship means that the modulus of elasticity
varies within the cross-section and along the length of a member. As a simplification, the
variation of Es along the length of the member may be neglected and the minimum value
of Es for that member (corresponding to the maximum values of the stresses 1 and % in
the member) may be used throughout its length.
The stresses in the tension and compression flanges are the following:
Compression flange:
M
Vit ——2 102, MPa and Es; =199979,2 MPa Eq. 6.53
y,sup
with Meqmax = 10 kNm and Wy, = 97,95x10° mm®
Tension flange:
M
Voo —— 100,8 MPa and Es =199980,8 MPa
y,inf
with Meqmax = 10 kNm and Wy, = 99,24x10° mm®
And therefore: Es = 199980,0 MPa Eq. 6.52
The maximum deflection can be estimated by standard structural theory assuming the
secant modulus of elasticity:
5¢1°
" 384K,
Since I, = 8,297x10° mm*, g = 5,0 kN/m and / = 4,0 m Sheets 1 & 5

d 10,0 mm

max
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DESIGN EXAMPLE 13 - HOLLOW SECTION LATTICE GIRDER

The lattice girder supports roof glazing and is made of square and rectangular hollow
sections of grade 1.4301 stainless steel; a comparison is made between material in two
strength levels - the annealed condition ( f;=210 N/mm?) and in the cold worked condition
(strength level CP500, f; = 460 N/mm?). Calculations are performed at the ultimate limit
state and then at the fire limit state for a fire duration of 30 minutes. For the CP500
material, the reduction factors for the mechanical properties at elevated temperatures are
calculated according to Section 8.2.

The structural analysis was carried out using the FE-program WINRAMI marketed by
Finnish Constructional Steelwork Association (FCSA) (www.terasrakenneyhdistys.fi).
The WINRAMI design environment includes square, rectangular and circular hollow
sections for stainless steel structural analysis. WINRAMI solves the member forces,
deflections and member resistances for room temperature and structural fire design and
also joint resistance at room temperature (it also checks all the geometrical restraints of
truss girder joints). In the example, the chord members are modelled as continuous beams
and the diagonal members as hinge jointed. According to EN 1993-1-1, the buckling
lengths for the chord and diagonal members could be taken as 0,9 times and 0,75 times the
distance between nodal points respectively, but in this example conservatively the distance
between nodal points has been used as the buckling length. The member forces were
calculated by using WINRAMI with profile sizes based on the annealed strength condition.
These member forces were used for both the annealed and CP500 girders.

This example focuses on checking 3 members: mainly axial tension loaded lower chord
(member 0), axial compression loaded diagonal (member 31) and combination of axial
compression and bending loaded upper chord member (member 5). The weight of the
girders is also compared.

The welded joints should be designed according to the Section 7.4, which is not included
in this example.

\ £ <.
\\'\\ 30
N\ S Ny
- ;- e (e om— ow ~";Q--. 0l

Annealed : lower chord 100x60x4, upper chord 80x80x5, corner vertical 60x60x5 diagonals from left to
middle: 50x50x3, 50x50x3, 40x40x3, 40x40x3, 40x40x3,40x40x3, 40x40x3.
CP500 : lower chord 60x40x4, upper chord 70x70x4, corner vertical 60x60x5, all diagonals 40x40x3.

Span length 15 m, height in the middle 3,13 m, height at the corner 0,5 m.
Weight of girders: Annealed: 407 kg, CP500 307 kg. The weight is not fully optimised.
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Actions
Assuming the girder carries equally distributed snow load, glazing and its support
structures and weight of girder :
Permanent actions (G):  Load of glazing and supports 1 kN/m?
Dead load of girder (WINRAMI calculates the weight)
Variable actions (Q): Snow load 2 kN/m?
Load case 1 to be considered (ultimate limit state): > y4,G,; + Y00, EN 1990
j
Load case 2 to be considered (fire situation): ZYGA,J- G * V1.9
J
Ultimate limit state (room temperature design) Fire design
76,i = 1,35 (unfavourable effects) 6a,i=1,0 EN 1990
o1 = 1.5 pots =02 EN 1991-1-2
(Recommended partial factors for actions shall be used in this example)
Factored actions for ultimate limit state:
Permanent action: Load on nodal points: 1,35 x 4,1 kN
Self weight of girder (is included by WINRAMI)
Variable action Load from snow: 1,5 x 8,1 kN
Forces at critical members are:
Forces are determined by the model using profiles in the annealed strength condition
Lower chord member, member 0
Annealed: 100x60x4 mm, CP500: 60x40x4 mm
Nika = 142,2 kN, Nifipa = 46,9 kN
Mmax ga = 0,672 kKNm, Minax fire.5a = 0,245 kKNm
Upper chord member, member 5
Annealed: 80x80x5 mm, CP500: 70x70x4 mm
Negda=-149,1 kN, Ne firepd = -49,2 KN
Minax ga = 2,149 KNm, M max fire,gd = 0,731 kKNm
Diagonal member, member 31
Annealed: 50x50x3mm, CP500: 40x40x3 mm
Negda = -65,9 kN, Nefirepd = -21,7 KN
Material properties
Use material grade 1.4301.
Annealed: £, =210 N/mm? fu=520 N/mm? E =200000 N/mm? Table 2.2
CP500: fy = 460 N/mm? fu= 650 N/mm? E =200000 N/mm? Table 2.3
Partial factors Table 4.1 and
The following partial factors are used throughout the design example: Section 8.1
o = 1,1, w1 = 1,1, Mfi = 1,0
Cross-section properties: Annealed
Member 0: 4= 1175 mm? Woiy=37,93%x10° mm?
Member 5: 4 =1436 mm?> [,=131,44x10*mm* ;=303 mm Wy =39,74x10° mm?
Member 31:  4=541 mm?> [,=1947x10*mm* i, =19 mm Wiy = 9,39%10° mm?
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Cross-section properties: CP500

Member 0: 4 =695 mm Woiy= 13,16x10° mm?

Member 5:  A=1015mm? [,=72,12x10*mm*  i;=26,7mm Wy =24,76x10° mm?

Member 31:  4=421 mm?>  [,=9,32x10* mm* iy=149mm Wyy=5,72x10°mm?

Classification of the cross-section of member 5 and member 31

Annealed : £=1,03 CP500 : £=0,698 Table 5.2
Annealed 80x80x5 : ¢=80—-15= 65 mm CP500 70x70x4 :c=70—-12 =58 mm

Annealed 50x50x3 :¢=50-9 = 41 mm CP500 40x40x3 :c=40-9=31 mm

Flange/web subject to compression: Table 5.2
Annealed 80x80x5 : c¢/t=13 CP500 70x70x4 : c/t=14,5

Annealed 50x50x3 :c/t=13,7 CP500 40x40x3 : c/t=10,3

For Class 1, ; < 33,0¢, therefore both profiles are classified as Class 1

LOWER CHORD MEMBER, DESIGN IN ROOM AND FIRE TEMPERATURE (Member 0)

A) Room temperature design
Tension resistance of cross-section

Nowra = A, fy [Varo
Annealed : Npira= 1175 %210/ 1,1 =224,3 kN > 142,2 kN OK.
CP500 : Npira = 695 x 460/ 1,1 =290,6 kN > 142,2 kN OK.

Moment resistance of cross-section
Mera = Wy fy /Yo

37,93x10° x210
1,1x10°

13,16 x10° x 460
L1x10°

Annealed : M;Rrd =7,24 kNm > 0,672 kNm OK.

CP500 :

Mcra = =5,50 kNm > 0,672 kNm OK.

Axial tension and bending moment interaction

N Myea <1
NRd My,Rd
Annealed : & + M =0,73<1 OK.
2243 724
CP500 : 1422 + 0.672 =0,61<1 OK.
290,6 5,50

B) Fire temperature design
&res = 0,4
Steel temperature for 100x60x4 after 30 min fire for Aw/V' =275 m™': 6 =833 °C

Steel temperature for 60x40x4 after 30 min fire for A/V =290 m!: § = 834 °C
Conservatively take 0 = 834 °C.

Section 5.7.2
Eq.5.23

Sec.5.74
Eq. 5.29

Eq. 6.55

Section 8.4.4
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Annealed :
The values for the reduction factors at 834 °C are obtained by linear interpolation:

koo =fr0lfy =0,292, but fr5 < fue
kup = fue/fo=0,209
fr0 =0,292 x 210 = 61,3 and f,0= 0,209 x 520 = 108,7, therefore /o0 < fi0

CP500 :
For material in the cold worked condition for 8 > 800 °C:

kaoce= frocelfy =090 =0,9%0/f; = 0,9x0,292 = 0,263, but frecr <fuocr
kup.cr = koo = fue.ce/fa= 0,209
froce =0,263 x 460 =121,0 and fup,cr= 0,209 x 650 = 135,9, therefore fro.ck < fuo.cr

Tension resistance of cross-section

Niiord = k2,0 Nra[ 0/ i ]

Annealed . Ngrora =0,292x224,3x1,1/1,0 = 72,0 kN > 46,9 kN OK.
CP500:  Nipra=0,263x290,6x1,1/1,0 = 84,1 kN > 46,9 kN OK.

Moment resistance of cross-section
Miiora= kyoMy, I:YMO /YM,ﬁ]

Annealed : Mrsorda=0,292x7,24 x1,1/1,0 = 2,33 kNm > 0,245 kNm OK.
CP500:  Mspra=0,263x 5,50 x1,1/1,0 = 1,59 kNm > 0,245 kNm OK.

Axial tension and bending moment interaction

NEd +My,Ed <1
Ny M

v,Rd

46,9 N 0,245
72,0 2,33
46,9 N 0,245
84,1 1,59

Annealed

=0,75<1 OK

CP500 :

=0,71<1 OK.

DIAGONAL MEMBER DESIGN IN ROOM AND FIRE TEMPERATURE
Buckling length = 1253 mm

A) Room temperature design
Nora=x A1, /Y

Annealed :

- L1 1253 1
/lzﬁ—,f /| E)=—F—/(210/200000) = 0,680
i (f“‘ 19 « ( )

¢=0,51+ (A~ Ao)+ A2) = 0,5%(1+0,49x(0,680 - 0,3)+0,680?) = 0,824

1 1
z= -
b -2 0.824+ (0,824 ~0,680%)

=0,776

Nora = 0,776 x 541 x 210 /1,1 = 80,1 kN > 65,9 kN OK.

Section 8.2
Table 8.1

Section 8.2
Table 8.1

Eq. 8.8

Eq. 8.15

Eq. 6.55

(Member 31)

Eq. 6.2

Eq. 6.6

Eq. 6.5
Table 6.1

Eq. 6.4
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CP500 :
- L 1 1253 1
A=-c— /E)= — x4/(460/200000) = 1,284
; ﬁ«/(fy ) 14.9 x”x\/( ) Eq. 6.6
$=0,51+ (A — Ao)+ A2) = 0,5x(1+0,49x(1,284-0,3)+1,2842) = 1,565 Eq. 6.5
Table 6.1
x= 1 = ! = 0,407
b -2 L565+\[(1,565 ~1.284) Eg. 6.4
Nora =0,407x421 x 460 /1,1 = 71,7 kN > 65,9 kN OK.
B) Fire temperature design
eres = 0,4 Section 8.4.4
Steel temperature for 80x80x5 after 30 min fire for 4,/ =220 m': = 830 °C
Steel temperature for 70x70x5 after 30 min fire for 4,/V =225 m: 6= 831 °C
Conservatively take = 831 °C.
Annealed :
The values for the reduction factors at 831 °C are obtained by linear interpolation: Section 8.2
Table 8.1

kpo,z,e = 0,219 and kE,e = 0,574

Cross-section classification

k 0,5 4 0.5
g=¢|—=L| =1,03x 0,57 =1,67
k 0,219

pAY °

Class 1 sections: ¢/t < 33,0 gg = 33,0x1,67 = 55,1

Class 1, ¢/t =13, therefore profile is classified as Class 1.

CP500 :
For material in the cold worked condition for 8 > 800 °C:

kp(),z,e,c[: = O,Skpog,e = 0,8><0,219 = 0,175
keo.cr=kep=0,574

Cross-section classification

k 0.5 0.574 0.5
& =¢ £ =0,698x 37 =1,26
k 0,175

b

v,0
Class 1 sections: ¢/t < 33,0 gg = 33,0x1,26 =41,6
Class 1, ¢/t = 14,5, therefore profile is classified as Class 1.

Nositrd = XAkyo,6 fy / Vg @s both profiles are classified as Class 1.
Annealed :

Ao = AJ(ky 20/ kg ) =0,680%,(0,219/0,574) = 0,420

d =0,5(1+ (A, — o) + A7) = 0,5x(1+0,49x(0,420-0,3)+0,420%) = 0,618

Section 8.3.2

Eq. 8.6

Section 8.2
Table 8.1

Section 8.3.2

Eq. 8.6

Eq. 8.10

Eq. 8.14

Eq. 8.13
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1 1
Xe = — = =0,933
U -2 0.618+(0,618° -0,420°) Eq. 8.12
Nosicra = 0,933x541 x0,219x210 /1,0 = 23,2 kN > 21,7 kN OK.
CP500 :
Ay = Al rgcr /ey or ) =1,284%J(0,175/0,574) = 0,709 Eq. 8.14
¢ =0,5(1+ (A, — o) + A7) = 0,5x (1+0,49x (0,709-0,3)+0,709%) = 0,852 Eq. 8.13
7 = 1 = ! =0,755
U -2 0.852+4(0.852°-0,709) Eq. 8.12
Nosicra = 0,755%421 x0,175x460 /1,0 = 25,6 kN > 21,7 kN OK.
UPPER CHORD MEMBER DESIGN IN ROOM AND FIRE TEMPERATURE (Member 5)
Buckling length = 1536 mm
A) Room temperature design
(Nb,Rd)min ﬂWy ol, yf /YM1
Annealed :
Pwy =1,0 Class 1 cross-section Sec. 6.5.2
ky = 1+D1(Ay, - D2)Neg/Noray, but ky < 1+ Di(Ds - D2)Nea/Noray Eq. 6.63
Where D;=2,0, D,=0,3and D;=1,3 Table 6.6
A= /(f E)= 1536 1, (210/200000) = 0,523 Eq. 6.6
30,3 7 o
$=0,5(1+ (A — o) + A2) = 0,5%(1+0,49x(0,523-0,3)+0,523%) = 0,691 Eq. 6.5
¥ = ! = ! =0,875
b 1) 0.691+(0,691° ~0,523") Eq. 64
Noray = 0,875x1436 x210 /1,1 = 239,9 kN > 149,1 kN Eq. 6.2
ky = 1,0+2,0x(0,523 - 0,30)x149,1/239,9 = 1,277 Table 6.6
ky <1,042,0x(1,3 -0,30)x149,1/239,9 = 2,243, therefore, ky = 1,277
2
19,1 1 277x 2,149x1000 - 0,98 <1,0 OK. Eq. 6.56
239,9 1,0x39,74x10° x210/1,1 o
CP500
Pwy=1,0 Class 1 cross-section Sec. 6.5.2
- _1536
A== ‘/( f,/1E x J(460/200000) = 0,878 Eq. 6.6
$=0,5(1 +a(1—710)+?) = 0,5%(1+0,49%(0,878-0,3)+0,878%) = 1,027 Eq. 6.5
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1 1

¥ = = =0,641

b -2 1027410272 ~0.878%) Eq. 64
Noray = 0,641x1015 x460 /1,1 =272,1 kN > 149,1 kN Eq. 6.2
ey =1,0+2x(0,878 - 0,30)x149,1/272,1 = 1,633 Table 6.6
ky <1,042,0%(1,3 - 0,30)x149,1/272,1 = 2,096, therefore k, = 1,633

2
149,1 L 1.633% 2,149x1§)00 ~0.89<1,0 OK. Eq. 6,56
272,1 1,0x24,76 x10° x460/1,1 T
B) Fire temperature design
&res = 0,4 Section 8.4.4
Steel temperature for 50x50x3 after 30 min fire for 4,/V =370 m: 6 = 836 °C
Steel temperature for 40x40x3 after 30 min fire for 4,/V =380 m: 6 = 836 °C
Annealed :
The values for the reduction factors at 836 °C are obtained by linear interpolation: Section 8.2
Table 8.1

kpo20=0,214

koo = frolfy = 0,289, but fr6 < fue

kup = fuelfu=0,207

fr0 =0,289 x 210 = 60,7 and f,0= 0,207 x 520 = 107,6, therefore o5 < fio
keo = 0,565

Cross-section classification

k1" 0,565 1"
Eg =€ L8 =1,03%x| = =1,67
ky 0,214

Class 1 sections: ¢/t < 33,0 g = 33,0%1,67 = 55,1
Class 1, ¢/t = 13,7, therefore profile is classified as Class 1.

CP500 :
For material in the cold worked condition for 6 > 800 °C:

kPO,z,e,CF :O,Skp(),z,e = 0,8><0,214 = 0,171
kao.cr = fa0.celfy = 0,9k20 = 0,9%2,6/fy = 0,9%0,289 = 0,260, but f2.0.cF < fue.cF

kuo.cr = koo =fue.cr/fo= 0,207
frocr = 0,260 x 460 = 94,8 and fi.0.cr= 0,207 x 650 = 134,6, therefore fr0cr < fuo.cF
keocr = kep = 0,565

Cross-section classification

ko 17 0,565
E =€ —SE81 =0,698 x| = =1,27
ks 0,171

Class 1 sections: ¢/t < 33,0 eg = 33,0x1,27=41,9
Class 1, ¢/t = 10,3 < 41,9, therefore profile is classified as Class 1.

Section 8.3.2

Eq. 8.6

Section 8.2
Table 8.1

Section 8.3.2

Eq. 8.6
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N kM
fLEd + 208 <1 0 as both profiles are classified as Class 1.
panp Ag pr i L M v.fi,0.Rd Eq. 8.26
' B M, fi
Annealed :
Zo = Ak yr0 Ty )=0,523%[(0,214/0,565) = 0,322 Eq. 8.14
= 0,51+ (A — Ao) + 2,2) = 0,5x(1+0,49x(0,322-0,3)+0,3222) = 0,557 Eq. 8.13
2n = ! = ! = 0,989
U - 055740557 -0322°) Eq. 8.12
,uyNﬁ Ed <
=1- : <3 Eq. 8.30
g Zy,ﬁAgkpo,z,efy /YM,ﬁ a
p, =(L2By, —3)Av +0,44, —0,29<0,8 Eq. 8.31
Lo Aksgso f /Yy =0:989%1436 x 0,214x210 /1,0 = 63,8 KN > 49,2 KN OK. Eq. 8.26
Myiora = koo[pmoymalMra= 0,289x1,1/1,0x39,74x10°%210/1000%= 2,65 kNm Eq.8.15
>0,731 kNm OK.
w  =-0,487/0,731 = -0,666 Table 8.3
By = 1,8-0,7y = 2,266
1y =(1,2x2,266-3) x0,322 + 0,44x2,266 — 0,29 = 0,617 < 0,8
k, =1-0,617x49,2 kN/63,8 kN = 0,524 <3
B2 0504x 2Bl _090<10 oK.
63,8 2,65
CP500 :
= 2k s kg ) =0,878x,J(0,17170,565) = 0,483 Eq. 8.14
¢ =0,5(1+ (g — A0) + A ) = 0,5%(1+0,49x(0,483-0,3)+0,483%) = 0,661 Eq. 8.13
P ! = ! = 0,899
U -2 0.661+4(0,661°-0,483) Eq. 8.12
Lo Ao Y = 08991015 x0,171x460 /1,0 = 71,8 kN >49,2 kN OK. Eq. 8.26
My s0ra = ko[ pmopwa]Mra = 0,260x1,1/1,0x24,76x10°%460/1000? = 3,26 kNm Eq. 8.15
>0,731 kNm OK.
w  =-0,487/0,731 =-0,666 Table 8.3
By = 1,8-0,7y = 2,266
1y =(1,2x2,266-3)x0,483 + 0,44x2,266 — 0,29 = 0,571 < 0,8
ky=1-0,571x49,2 /71,8 = 0,609
B2 0609x 2Bl 082<1,0 OK.
71,8 3,26
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DESIGN EXAMPLE 14 — DETERMINATION OF ENHANCED AVERAGE YIELD STRENGTH
FOR COLD-FORMED SECTIONS

This worked example illustrates the determination of the enhanced average yield strength
fya of a cold-rolled square hollow section (SHS) in accordance with the method in Annex B.
The calculations are carried out for an SHS 80x80x4 in austenitic grade 1.4301 stainless
steel. The predicted cross-section bending resistances based on the minimum specified yield
strength f;, and the calculated enhanced average yield strength f;, are then compared.

Enhanced average yield strength
For stainless steel cold-rolled box sections (RHS and SHS), the enhanced average yield
strength fy, is:
_ fyc Ac,rolled + fyf (A - Ac,rolled)
fya - A

Cross-section properties
Geometric properties of SHS 80x80x4 (measured properties from a test specimen):

h=79,9 mm b=79,6 mm

t=3,75 mm A =1099 mm?

We =25967 mm*® W, = 30860 mm®

ri=4,40 mm (Note that ; may be taken as 2¢ if not known)

Ac,rolled = (nc T[Z[) (Zri + t) + 4'nclL2

3,75
Acrolled = <4><n>< T) X (2x4,40 + 3,75) + 4x4%3,75%= 373 mm?

Material properties
fy =230 N/mm* and f;, = 540 N/mm? (for cold-rolled strip with t <8 mm)

E = 200000 N/mm?
gp02 = 0,002 + f,/E = 0,00315

eo=1-£,/fy,= 0,57

Corner and flat enhanced yield strengths

Predicted enhanced yield strength of corner regions fy.:

fye = 0,85K (ec +£po2) " and f, < fye < fo

Eq.B.2

Appendix B

Eq. B.14

Table 2.2
Section 2.3.1
Eq. B.10

Eq.C.6

Eq.B.4
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Predicted enhanced yield strength of flat faces fy:

n
fye = 0,85K (sf + spo,z) Poand fi<fir<fy

Corner and flat cold-work induced plastic strains
Strain induced in the corner regions €:
t
€& =
2(27"1 + t)
_ 3,75
" 2% (2x4,40 +3,75)

£ = 0,149

Strain induced in the flat faces &;:

= 550] * [z 5520
=900l T 120+ n =20
3,75 % 3,75
= [500] *|
900] T [2% (79,6 + 79,9 — 2 x 3,75)

= 0,043

Material model parameters

i In(f,/f)
P ln(spo,z/gu)
_ In(230/540)
™ = 11(0,00315/0,57)

= 0,164

230

K= 0003150167 = 591,6 N/mm?

Corner and flat enhanced yield strengths

Predicted enhanced yield strength of corner regions f;.:

fye = 0,85 x 591,6 x (0,149 + 0,00315)*1¢*
=369 N/mm? and 230 < 369 < 540
Predicted enhanced yield strength of flat faces fy:
fye = 0,85 X 591,6 x (0,043 + 0,00315)%164
= 304 N/mm? and 230 < 304 < 540

Section enhanced average yield strength

fyc Ac,rolled + fyf(A - Ac,rolled)
fya = A

369 x 373 + 304 x (1099 — 373)

= = 326 N/mm?

1099

Eq.B.5

Eq. B.7

Eq.B.8

Eq. B.12

Eq. B.11

Eq. B4

Eq. B.5

Eq.B.2
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Cross-section classification
Cross-section classification based on minimum specified yield strength £ :

I EE T [235 20000015 Table 5.2
© = |% 210000, (230" 210000 T e
¢ _PI3X375) _ 19332533
£ 3,75 - T2
Therefore, the cross-section is classified as Class 1.
Cross-section classification based on average yield strength f,:

235 E ™ [235 2000007%° 0,829 able 52

= |— = |— X =V, .
* = |'% 210000 326~ 210000 e
C_DI3X3T0) g3 <a74=33
- 3,75 - T ovE
Therefore, the cross-section is classified as Class 1.
Cross-sectional bending resistance
For a Class 1 or 2 section:
Mc,Rd = Wpl fy/7M0 Eq.5.29

Resistance based on minimum specified yield strength f:

30860 x 230

cRd = T = 6,45 kNm

Resistance based on enhanced average yield strength f:

30860 x 326

¢, Rd = 1’1 = 9,15 kNm

Taking into account the increased strength arising from strain hardening during section
forming results in a 42% increase in bending resistance.

Note: Example 15 illustrates the additional enhanced cross-section bending resistance due
to the beneficial influence of work hardening in service using the Continuous Strength
Method, as described in Annex D.
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DESIGN EXAMPLE 15 — CROSS-SECTION DESIGN IN BENDING USING THE CONTINUOUS
STRENGTH METHOD (CSM)
This worked example determines the design value of the in-plane bending resistance of a
cold-rolled SHS 80x80x4 beam in austenitic grade 1.4301 stainless steel according to the
Continuous Strength Method (CSM) method given in Annex D.
Cross-section properties
The properties are given in Design Example 14.
Material properties
fy =326 N/mm? * and f, = 540 N/mm? Table 2.2

E=200000 N'mm? and v=0,3
e, = f,/E=0,0016
&= 1-f,/fy = 0,40

* In order to illustrate the extra bending resistance obtained by using the CSM, in addition
to that obtained from employing the enhanced average yield strength of the section due to
section forming, the yield strength is taken as the enhanced average yield strength from
Design Example 14. The yield strength may alternatively be taken as the minimum
specified value.

Cross-section slenderness

[
b = ﬂ/fcryp

ko Et? 4 x ? x 200000 x 3,757 )
ferp = N > = 2530 N/mm
12(1 —v9)b* 12 x (1-0,32) x (79,7 — 2(3,75 + 4,40))
A, = 326 0,36 (< 0,68)
P 2530 ’

Cross-section deformation capacity

€sm _ 0,25

— 3,6
E )
y Ap

Cl €u

< min(lS, ) for Xp < 0,68

gy

From Table D.1, C; = 0.1 for austenitic stainless steel.

Section 2.3.1

Eq. C.6

D.3.2

Eq. D.4 and
Table 5.3

Eq.D.2

Table D.1
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fom _ 025 _ o (15 010,40 )
e, 0363 0 = M To0016
. €csm —99

&y

Strain hardening slope
From Table D.1, C, = 0,16 for austenitic stainless steel.
f—f 540 — 326

Eg = = = 3429 N 2
" T Ceu—g, 0,16 x 0,40 —0,0016 /mm

Cross-section in-plane bending resistance

Woif, Esh Wel (€csm Wer /(€csm)
M =M = Py 1 —sh el esm 11—11-— e / cs
c,Rd csm,Rd Yo [ + E Wpl g Wpl g

o= 2,0 for RHS

Mc,Rd = Mcsm,Rd

30860 x 326 [1 + 3429 y 25967
1,1 200000 30860

M¢rq = 10,31 KNm

5967

x(99—-1)— (1 — %)/(9,9)210]

The bending resistance determined according to Section 5 is 6,45 kNm. Consideration of
strain hardening to give an average enhanced yield strength due to section forming in
Example 14 resulted in a resistance of 9,15 kNm. With the added consideration of strain
hardening in service using the CSM for cross-section design, a bending resistance of
10,31 kNm is achieved. This corresponds to an overall increase in resistance of 60%.

Table D.1

Eq.D.1

Eq. D.9

Table D.2
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DESIGN MANUAL FOR STRUCTURAL STAINLESS STEEL
4TH EDITION

Stainless steel is used for a wide range of structural applications in aggressive environments
where reliable performance over long periods with little maintenance is required. In addition,
stainless steel has an attractive appearance, is strong yet still light, highly ductile and versatile
in terms of manufacturing.

This Design Manual gives design rules for austenitic, duplex and ferritic stainless steels. The rules
are aligned to the 2015 amendment of the Eurocode for structural stainless steel, EN 1993-1-4.
They cover the design of cross-sections, members, connections and design at elevated temperatures
as well as new design methods which exploit the beneficial strain hardening characteristics

of stainless steel. Guidance on grade selection, durability and fabrication is also provided.

Fifteen design examples are included which illustrate the application of the design rules.
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