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Case-study building

Cardington Building, UK

Total area of 21 m by 45 m and total

height of 33 m (8 storeys). 5 bays, each 9
m long by 3 bays of 6 m, 9 m and 6 m.
The height of the first storey is 4.335 m
from the ground floor to the top-of-steel
height. All the other storeys have a height
of 4.135 m from top-of-steel to top-of-

steel.
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Global Analysis: case-study building

Beams Cross-section Steel grade
Al - F1,A4-F4 IPE 400 S 355
Al -A4,B1-B2,B3-B4,C2a—-C4, IPE 400 S 355
D2a—-D4,E1 -E2,E3 —E4,Fl — F4

Cl1-C2a, D1 -D2a IPE 600 S 355
B2 -B3,E2-E3 IPE 600 S 355
A2 —-B2, A2a— A'2a, A2b - A’2b, A3 IPE 400 S 355
—A'3,A2-A"3

E2a—E3,E2b—F2b, E'3 - F3 IPE 400 S 355
C2a—D2a, C2b - D2b, C3 -D3 IPE 400 S 355
All others secondary beams IPE 360 S 355

Geometric characteristics of the beams

(1st floor)
Beams Cross-section Steel grade
Al — F1, A4—F4 IPE 400 S 355
Al—-A4,B1-B2,B3-B4,Cl - C4, IPE 400 S 355
D1-D4,E1 —E2, E3 - E4,F1 - F4
B2 -B3,E2-E3 IPE 600 S 355
A2 - B2, A2a— A'2a, A2b— A’2b, IPE 400 S 355
A3-A3,A2-A"3
E'2a —E'3, E2b—-F2b, E'3 - F3 IPE 400 S 355
C2a—D2a, C2b—D2b, C3 - D3 IPE 400 S 355
All others secondary beams IPE 360 S 355

Geometric characteristics of the beams
(3" to 8™ floors)

Brussels, 16 - 17 October 2014

Beams Cross-section Steel grade
Al - Fl1, A4—F4 IPE 400 S 355
Al — A4,Bl1 - B2, B3 — B4, C2a— C4, IPE 400 S 355
D2a—D4,E1-E2,E3 —E4,Fl1 —F4

C1-C2a,D1 -D2a 2 x HEA 700 S 355
B2 - B3, E2 - E3 IPE 600 S 355
A2 —-B2, A2a— A’2a, A2b— A’2b, A3 IPE 400 S 355
—A'3,A2-A"3

E'2a—E'3,E2b— F2b, E'3 — F3 IPE 400 S 355
C2a —D2a, C2b - D2b, C3 - D3 IPE 400 S 355
All others secondary beams IPE 360 S 355

Geometric characteristics of the beams (2"

A’2a, A2b, A’3, E'2a,

floor)

Columns Ground floor — | 2™ floor — 5% | 5™ floor — 8™

2™ floor floor floor
B2, C2, D2, E2, C2b,
C’2b, D2b, B3, C3, D3, HEB 340 HEB 320 HEB 260
E3

Ground floor — | 4™ floor — 8"

4™ floor floor
B1,Cl, DI, EI, A2, F2,
A3,F3, B4, C4, D4, E4, HEB 320 HEB 260

F2b, E’3
Ground floor —
8" floor
Al, A4, F1, F4 HEB 260
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Global Analysis: case-study building

Actionno. | Description Type Value ULS
LCl Self-weight of Permanent varies 1) Combination 1
structural elements action E,1 =1.35xLC1 + 1.5 [(LC2 + LC3) + 0.6 X
LC2 Imposed load on office | Variable g = 3.0 kN/m’ LC4]
bulldmigs (Ca.t.‘B) actu.)n1 - . i) Combination 2
LC3 Movable partitions :llceg(l)e;})e qi =0.5 kN/m E,2 = 1.35 x LC1 + 1.5 [(LC2 + LC3) + 0.6 x
LC4 Wind direction 8= 0° Variable varies (see ... ) ) LC5]
action Figure 4.40) i) Combination 3
LCS Wind direction 8= 90° | Variable varies (see I_Ed3 = 1-0_0 X _LCl + 1.5xLC4
action Figure 4.41) iv) Combination 4
SLS Es4 =1.00x LC1 + 1.5xLC5
E,7 = 1.00 x LC1 + 0.5 x (LC2 + LC3). v) Combination 5

Es5=1.35xLC1+ 1.5[LC4 + 0.7 x (LC2 +

E.8 =1.00 x LC1 + 0.2 x LC4.
d LC3)]

E,9 = 1.00 x LC1 + 0.2 x LCS. _ i
E,10 = 1.00 X LC1 + 0.2 x LC4 + 0.3 x (LC2 + Lc3).V)) Combination 6

Eq11 = 1.00 x LC1 + 0.2 X LC5 + 0.3 x (LC2 + Lc3) Fa6 = 1.35xLC1 + 1.5 [LC5 + 0.7 x (LL%éﬁ

E,12 = LC1 + 0.5 x (LC2 + LC3).
E,13 = LC1 + 0.2 x LC4 + 0.3 x (LC2 + LC3) pm
E,14 =LC1 + 0.2 XxLC5 + 0.3 x (LC2 + LC3) [



Global Analysis: case-study building

Linear elastic analysis

Susceptibility to 2"d order effects: elastic
critical loads

1 2 3 4 5
Oley Ol Cler Oler Ol

Combination 1 | 7.96 8.22 8.28 8.40 8.67
Combination2 | 8.01 8.08 8.48 8.57 8.66
Combination3 | 21.11 | 25.15 | 28.28 | 28.62 | 29.38
Combination 4 | 13.14 | 14.21 | 18.56 | 18.84 | 19.98
Combination5 | 9.87 | 10.16 | 10.23 | 10.39 | 10.62
Combination 6 | 8.58 937 | 10.07 | 10.14 | 10.17

2nd order elastic analysis

For combinations 1, 2, 5 and 6 the values of «
are smaller than 10. According to clause 5.2.1,
the frame requires a second-order analysis for

load combinations 1, 2, 5 and 6.
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Global Analysis: case-study building

139.1 kN
The internal forces (neglecting the axial S B2
force) are represented in the figure. The Vaed
design values are Mgy = 114.3 KNm and 70.7 kN 716 kN
Veyg = 75.9 kN. 14p.1kN
265.7 kNm 246.3 kNm
93.7kNm  111.4 kNm 99.2 kNm 109.7 kNm
WRIAN d
% \/
w 113.6 kNm
163.0 kKNm
1* Order 2" Order
Mg (kNm) | Ngg(kN) | Mgg(kNm) | A(%) | Ngg(kN) | A (%)
EI1-E2 | +114/-106 61 +114/-111 0/4.7 39 -36.1
E2-E3 | +168/-269 155 +163/-256 | -3.0/-4.8 139 -10.3
E3-E4 | +113/-105 61 +114/-110 | 0.9/4.8 50 -18.0
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Global Analysis: case-study building
Results for column E1 (combination)
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4+

1* Order 2" Order
Mgy (kNm) | Ngq(kN) | Mgg(kNm) | A (%) | Ngg(kN) | A (%)
1* floor 25/14 1699 25/11 0/-21.4 1704 +0.3
2" floor 62/47 1492 74/55 19.4/17.0 1496 +0.3
3" floor 69/28 1261 69/29 0/3.6 1262 +0.1
4™ floor 51/25 1052 54/28 5.9/12.0 1053 +0.1
5" floor 53/27 841 56/29 5.7/7.4 841 0
6™ floor 54/29 630 57/32 5.6/10.3 630 0
7" floor 55/26 417 59/30 7.3/154 417 0
8" floor 69/63 201 72/66 4.3/4.8 201 0

Design values are: Ngy = 1704 kN; My gy = 24.8 KNmM
at the base cross section.
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65.5 kNm

72.3kNm

N

201 kN 53.0 kN 7 29.8 kNm

417 kN 41.1kN 58.6 kNm é732.0 kNm

630 kN 41.1kN 57.1 kNm 1729.3 kNm

841 kN 40.2 kN 55.9 kNm 1727.9 kNm

1053 kN 39.3kN 53.8 kNm 1729.0 kNm
1262 kN 43.2 kN 68.6 kNm / 54.5 kNm

yal
1496 kN 50.5 kN 73.5 kNm ~ 10.6 kNm
1704 kN 29.4 kN 24.8 kNm 1
Neg Vaed My eq
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Classification of cross-sections
Class 1: plastic cross-sections

Class 2: compact cross-sections

Class 3: semi-compact cross-
sections

Class 4: slender cross-sections

fy fy fy <fy
M 4 7

Y S— S _—
Class 2 Class 1

Class 3
Class 4

23

Joint
Research
Centre



s
*
Eurocodes - Design of with worked examples Eg:gﬁfi:;m Brussels, 16 - 17 October 2014

Classification of cross-sections

Mrq 4 Plastic global analysis
«——p . .
: Elastic global analysis
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Classification of cross-sections

Cross section classification is required for:
= Selection of the global frame analysis:

= Elastic frame analysis

= Plastic frame analysis

= Decision about the type of cross-section verification:
= Elastic verification
= Plastic verification

= Effective cross-section properties

= Decision on the member buckling formulae with respect to the

degree of local plastic capacity:
= Plastic interaction: class 1, 2

= Elastic interaction
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Classification of cross-sections

How to classify a cross-section?

Classification of each plate elements (in full or partial
compression) composing the section.

Compare the slenderness c/t with specific limits, established
to prevent local plate buckling (Table 5.2 of EC3-1-1).
Cross section class = most unfavourable class of all plate

elements (flange or web).

Cross section class depend of the:
slenderness cft;

support conditions (internal or external part);

distribution of direct stresses (acting forces);

class of steel (higher steel grades sections tend to fall into
higher classes).
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QOutstand flanges
- C, c c |
r—j L ]
7 : *‘Ljﬂ th -+ Plate element
classification
S S acc. to
Rolled sections Welded sections Ta b I e 5 2
Class Part subject to compression g— Eat 511bjec§ fo bending and compression
Tip 1n compression Tip 1 tensio
Stress oC
distribution . | * | +
in parts | O
(comp'r_esvsion ; i |-—~| “! _
positive) | e
9¢ O¢
1 c/t<9e c/ts— ¢/t ——
o oo
) 10s 10¢
Class Part subject to compression — Part subj ecF fo bending and comipression
Stress Tip 11 compression Tip 11 tension
distribution T acC ac
mn parts distribution N
(compression in parts T + +
ositive . i o o
positive) (compression ! i c i | : | Vi _
3 positive) ' |l 4 Hp—c —3
O¢ O¢
e=[235/1, 1 c/t<9e c/tSE CMS_J&
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_ TC _ . N L € . ) | il Adsof
el NN el B bending Plate element
, * ; t classification
[ ¥ ¥ )
t e t t - Axis of
et et S| poning acc. to Table 5.2
A AL e dJ L
Class Pmb:::g-ii;g o PchS;tj;ELLO Part subject to bending and compressig;
f. f f
Stress — — —
distribution + 1 + + ]a:_t:[
in parts c c ¢
(compression - N
positive) e  —— |=
IV fY f!’
306¢
1 t<72 Part subject to Part subject to , A -
: ‘ Class ) Jec Part subject to bending and compression
bending compression
f f f
2 c/t<83e . St_l ESS’
distribution + + + e
" 7 n parts c c c
ress —
distribution + (comp_rgs s1on 3 -
in parts c positive) — — —
(compression 4 cf2 ty fV 1y
positive)
1, 396¢
wheno >0.5: c/t£——
3 /t<124e / : 1301
¢ 1 c/t< 72 c/t<£33e 36
€
T T wheno<05: ¢/t<—
£=/ Y . o
*) W = -1 applies where either the compression stress ¢ < f, or the tensile strain €, > f,nfE
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