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Figure (2.10): Examples of out of plane bracing of a portal frame
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Figure (3-1): Portal frame sections — primary suggested
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Figure (3-2): Portal frame plan — primary suggested
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(%

Z+000m - Base

IPE 120
IPE 240
IPE 450

L 3x3x0.25
SHS 60x3

3l|rage



" _7' Industrial and VW arehouse Steel Structure Structural Drawing

e

s S Jaadll 8 elias o3 Jsandl Cana 5 daa jidall Jlaa¥) puzail (N1

| pZ=-0.25

Cases: 2 (Service Loads on Roofing

3D | Z=000m-Base . alv View
A =Y 22 5 = [ 0 ] > [B&=o]om|

igure (3-4): Autodesk Robot — Service Loads on Roofing Z-dir. = -0.25 KN/m2
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Figure (3-5): Autodesk Robot — Imposed Loads on Roofing Z-dir. = -0.60 KN/m2
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Figure (3-6): Autodesk Robot — Wind Loads X*-dir. —speed 30 m/sec.

Jaall: Laa 5 Jaall JalS5 (e (e 53 aadind s JeaSU (Loads Combinations ) s/ sl Wasy
(ULS and SLS Loads Comb.) . el Jeally a8l

Combinations

. i Combination Case .
Combinations  Name Analysis type Definition

type nature

5(C) COMB1 Linear Combination ULS dead (1+2+3)*1.20+4*1.35

6 (C) COMB2 Linear Combination SLS dead (1+2+3+4)*1.00

Dead loads Factor (1.20) — for ULS Combination type

Wind Loads Factor (1.35) — for ULS Combination type
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Figure (3-7): Autodesk Robot — all loads with combinations
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e.rmaﬁ"_gdaaj\ \Mcu;.u.n uﬁj:\.r}l\s4906 DJ\JMJ(A_7)JJM\jJJ}Aﬂ\‘;LdA;‘_AL\
Al 2l saeeY) el 3

Stresses - Global extremes

: (Stresses) abaliall & lalea) sl

. S S : .
S max S min S min(My) S min(Mz)
max(My) max(Mz) Fx/Ax (MPa)
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
MAX 125.16 6.19 99.62 35.12 7.12 5.27 24.26
Bar 245 34 248 41 255 234 264
Node 191 35 164 42 235 223 66
Case 5(C) 5(C) 4 5(C) 5(C) 5(C) 5(C)
MIN -1.79 -269.80 -1.27 -2.22 -244.74 -35.12 -25.90
Bar 28 242 238 248 242 41 265
Node 28 177 198 164 177 42 70
Case 4 5(C) 4 4 5(C) 5(C) 5(C)

bracing simple ) Jie sa 5242 a8 ) ALY seasll & JSGUSW 269,80 52 dea) el o) 1aaY
Jaady SN | - sensall JSWlIS0e 275 (e gaV) 8 s A5 (L75X75X6 mm) adades s (bar
. (L75X75x8 mm) aaiay 4llasinl

: (Displacements) <l 33U (5855 o] ya <llia

Displacements SLS: global extremes

UX(mm) UY(mm) UZ(mm) RX(Rad) RY (Rad) RZ (Rad)

MAX 4.4 14 10.8 0.0 0.0 0.0

Node 252 47 100 82 152 38

Case 6 (C) 6 (C) 4 6 (C) 6 (C) 6 (C)

MIN -4.9 -1.3 -31.8 -0.0 -0.0 -0.0
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UX(mm) UY (mm) UZ(mm) RX(Rad) RY (Rad) RZ (Rad)
Node 248 197 37 187 161 8
Case 6 (C) 6 (C) 6 (C) 6 (C) 6 (C) 6 (C)

57.2 Qal ¢ EN 1993-1-1 4 &5 Eurocode 1993-1-1 PR AR O PN JRPRENITL IUIEN
B Jrend) e lgple GV 5 & 5 e JSI IV 2 50a 2aa8 oy « [2] AL4 Galall - EN 1990
sl gl a3 saad) daai o Ledie dga,dll lalil A (Gadaill 13 50a EN 1993-1-1 J (i sll 3adall 20a,

Alall Gl Gl paiy) 2 gas et vie Tde by Lo (5 28 ¢ agaad) aaataae Alls B e

{S8Y1 Gl ai) 30532 sl

Horizontal
Structure Deflection limits Comments

Portal frames without gantry cranes, Recommended in
with walls of : industry guidance
Steel sheeting
deflection at top of column H/100
Fiber reinforced sheeting
deflection at top of column H/150
Brickwork H/300 oo bl s sildaty
deflection at top of column 1 A8 Jual
Hollow concrete brickwork
deflection at top of column H/200
Precast concrete units
deflection at top of column H/200
Brickwork
- deflection at top of column 2. 02 12
Differential deflection between two ((H*+B7)/660)
consecutive portal frames
Precast concrete units
- deflection at top of column 2.2 12
Differential defection between two ((H*+87)/330)
consecutive portal frames
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AUl Glasall e satad g8 400 ganll Sils) Y L
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Vertical
Comments Deflection limits Structure

Recommended in

Roofs with access for maintenance L/200 ) .
industry guidance

Roofs accessible to personnel other than

) L/360
for maintenance

585 ale 318 58 L g yiadl Jaa¥) s (53 saad) oIV il dilaie 3 Lol 1 ) 3Y) lsia
-SUA , 33 ("5) d}d&j\ t_\.m;ah\a\)\}“ Q\Jmcﬁ.&%\s&\ Y UJ.\SA

L/200 = 20000/200 = 100 mm large from 31.8 mm [ok]
A ol o aaind 68 4u saadl Cilal SV U Co il Cadii Ao 53yl 2 Y aadail

Al sl ) Y 3 gand) Al aiY1 4.3 Jsaall

Vertical
Comments Deflection limits Structure
Portal frames without gantry cranes, with Recommended in
rafter slopes >3° industry guidance
Differential deflection relative to
adjacent frame
- metal sheeting and fiber reinforced B/100
sheeting
- felted metal decking on purlins B/100
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(misiadl ) iy Cagindl e Uaa¥) e Al slae 4S5 (5583 Ala) ¢ Y] aall Ala
DYl san AlSa) axe (e (il dili) il ¢l ja) g ¢ 75 (e B i) ot 65 Ladie
relall (s s

lgr caladinl ol ¢ ool 3 ga 5l ApLEY) eliac V) ol pad) Cam S O Sy Gl sl 8 drane L
s

Ultimate Limit States 3335 sall Cile sanall ) ddliay) Cilia sadll o3 it () cang
el olee dlia 0 65 () Ja iy ¢ Sl 8 laeY) sl gend Allaial (e a el Gasall iy jaill I8y 8
ulie 1B ga (A
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. View - Cases: 1 (SELF WIEGHT OF STRUCTURE) = IR ]
A
==
= Bar Properties : 34 - 1 (SELF WIEGHT OF..  — s
Geometry Properties NTM  Displacements Code check
[ | section: IFE 450 Type:  Column Z
Material: 275 Re=  275.00 MFa
ANSIIAISCI B Section OK
Symbol | Ax, ly, I Unit | Description ~
Ratio:
RAT [ 058 Efficiency ratio
/| |5 COMBA (1+2+3)*1.20+ |Governing load case - ULS
x=100L=600m Point
Other
Lambda [ 32.47] [Slendemess ratio
Lambda | 14570] |Slendemess ratio
Di (GLOBAL SYSTEM):
vt | 18] mm [Member along X axis
/| [stmax | 15.0] mm |Allowable member displacement along Xax|
Apply Close Printout Help

e &
- e L T
&
Object/window/capture selection i
Y
X

0 | Z=000m -Base |«|~ View
DEN Y2 S = 2N > | [5E| =B

Figure (3-7): Autodesk Robot — Column IPE450 Section Verification
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B= Bar Properties : 34 - 1 (SELF T OF

A () goal g ISy yguiay JSG

Geometry Properties WTM  Displacements Code check

Ao L8] %358 <® J}Aﬂl e e
duia e g laa A sie

Aad O gual 5 JSy ey JSA)
25 145.7 (& 2 saall Zalal)

Section: IPE 450 Type: Column .
Material: 5275 Re = 275.00 MPa 3?
ANSIAISC3 B Section OK
Symbol | Ax, ly, 1| Unit | Description

Ratio:

s -

s Al s 8 5200 (3 S8l Ao

-

MJAJ

-

RAT | 058 Efficiency ratio
5 COMB1 (1+2+3)"1.20+ |Governing load case - ULS
x=1.00L=6.00 m Point
Other
Lambda 3247 Slenderness ratio
Lambda | 145.70 Slenderness ratio
Displacements (GLOBAL SYSTEM):

Wit 1.8| mm |Member displacement along X axis
wxt max 15.0| mm |Allowable member displacement along X ax| Vv

Apply Close Printout

Help

t VS s Y1 IS G oS LeiaDld (i) 5 A ) adaliall (5805 a5 () any

JPE 450 5276 JR =]

BT B IPE 450 5275

“— Haunch
20.000
Figure (3-8): Autodesk Robot — Column and Rafter IPE450 Section
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Figure (3-9): Section of Class 1 and Class 2 - Portal frame bending moments,
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at Top ,— End Connection Al A '
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e 1o Ala¥l sl Jsh

|PE 450
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g

“— Haunch cutting
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at both side 3
of column web

o

Haunch cutting from IPE450

Haunch length
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IPE 450

230 5 g8 cladlil) o /g gl Ay 81 4 sldas 3 gexll (Stiffener Plate) 4asiill #1501 o 55 L Qe
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High Tensile Grade 8.8 Bolts Mechanical Properties
Yield  Strength | Tensile Strength | Hardness
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0.280

Class 8.8 | Under M16 640 300
17-72 660 830 C23-34
H"eei;:tﬁ’_r‘_ “1 Thread Length j=—
Diameter @
'« Shank
: Length —————» ’J Lw'ﬁf: fats

Figure (3-10): High Tensile Grade 8.8 Bolts

—| |[~—0.020

Bolt

@20 mm
Grade 8.8
A307

0.

940

Rafter
IPE450 S275 JR

Il —— Hole @ 22 mm

—— End Connection

Plate t = 20 mm
5275

el —— Haunch cutting from

IPE450 5275 JR

Figure (3-11): End Plate Connection Details
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[§] weiss

Code parameters

Front plate
Height: hp=
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Thickness : th=
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€pd = (28695 mm
] Upper bracket of column flange
Height: hpy =
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Thickness: by, =

Paosition Ehy =

Material:

I Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC:2009

Material: 5275 )

[ Lower bracket of column flange

Height: hpg =
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Thickness:  tpg =
Paosition: €bd =
Material: w

Apply oK Cancel
I\ Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC:2009 X
File Help
- Geometry Upper vertical bracket Lower vertical bracket
Bracket type: Bracket type:
Dj i W ) W ) m
J:F:{ Brackets
Height: hg = |450.000 mm
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Figure (3-13): Haunch or Bracket Setup
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[F= Brackets
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JED Code parameters

Eolts

I\ Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC:2009

Diameter: 34" A307 V]

Class: A307

Shear plane
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Figure (3-14): Bolts Setup — Type Class 8.8 A307
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Code parameters
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Figure (3-15): Stiffener Plates Setup
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1. Manual Connection Verification X

Node number:
Connection number:

Internal forces in the beam (right side):

Bending moment Mb1,Ed =| 50.00 kN*m oty
Shear force Vb1,Ed = | 0.00 kN vL}
Axial force Mb1,Ed = | 0.00 kN

Internal forces in the beam (left side):

Bending moment Mb2,Ed =| 0.00 kN*m Hszbz
Shear force Vb2,Ed = | 0.00 kN C‘lf’b

Axial force Nb2,Ed = | 0.00 kN

Internal forces in the column ( bottom }:

Bending moment Mci,Ed : kN*m

Shear force Vel,Ed = | 0.00 kN Vet I

Axial force Ncl,Ed = | 0.00 kM

Internal forces in the column ( top ) :

Bending moment Mc2,Ed : kN*m

Shear force Ve2,Ed = | 0.00 kN

Axial force Ne2,Ed = | 0.00 kN

[ simplified note

Close Calculations

Autodesk Robot Structural Analysis Professional 2013 @
? Design of fixed beam-to-column connection -
atio
EN 1993-1-8:2005/AC:2009 0.17
e 1
A5 !
ERET
ofe 1 g EEE ol i
Lo—gp-m TR
5 L
4 A s Tia1
. - >
= 8 —=
5

GENERAL

Connectionna.: 1
Connection name: Frame knee

Ctrintien nadn- a3

<

Figure (3-15): Calculation of Connection to conform Stability
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Figure (3-16 A)
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(a) For columns greater than or equal to 400 mm deep the holding down boits may be located

entirely within the section profile

Figure (3-16 B)
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Holding down bolts in clearance holes

(bolt diameter + & mm)

Base plate, usually 15 mm thick

Structural Drawing

-

Top of concrete foundation

Holding down bolts in clearance holes

(bolt diameter + &€ mm)

Base plate, typically > 40 mm thick

1 Top of concrete foundation
Holding down bolts in 8 mm clearance
holes

4 Bedding space (= 50 mm)

5 Location tube
@ Anchor plate

Base plate, typically > 40 mm thick
4 Bedding space (= 50 mm)

Figure (3-17)

4 Bedding space (* 50 mm)
5 Location tube
6 Anchor plate

Figure (3-18)
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Figure (3-19): Base Plate Dimensions
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" Define a Pinned Column Base connection - EN 1993-1-8:2005/AC:2009
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Figure (3-20): Anchorage Bolt and Anchor Plate

11 Define a Pinned Column Base connection - EN 1993-1-8:2005/AC:2009
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Figure (3-21): Foundation and grout layer
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Figure (3-22): Pinned column base design - Design of fastenings in concrete
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Figure (3-25): Typical cross bracing system using angles as tension members
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Figure (3.26): Typical cross bracing at center of the structure to allow free thermal
expansion
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Figure (3.27): Individual, local sway frames and Hybrid frame along the full length
of the building
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Figure (3-30): Plan Bracing of Portal Frame using L-section
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Figure (3-31): Plan and Vertical Bracing of Portal Frame using L-section
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Structural Drawing of Pitch Portal Frame
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Figure (3-32): Pinned and Fixed Base Connections
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Material Design Properties for Structural Steel S235, S275, S355, S420, S450,
S460 according to EN1993-1-1 83.2.6

Material Property Value
Density p ~ 7850 kg/m®
Unit weight y =~ 78.5 kN/m®

Modulus of elasticity E

. 210000 MPa
(Young's modulus)
Shear modulus G G=E/[2-(1+Vv)]~=81000 MPa
Yield strength f, see table below
Ultimate strength f, see table below
Poisson's ratio in elastic range v 0.30
Coefficient of linear thermal expansion o 12 x10-6 °K™*

Structural Steel Strength Properties for elements with nominal thickness t <40 mm

EN10025-2 Hot rolled products - Non-alloy structural steels

Symbol | Description S235 S275 S355 S450
fy (MPa) | Yield strength 235 275 355 440
fu (MPa) | Ultimate strength 260 430 460 550

EN10025-3 Hot rolled products - Normalized/normalized rolled wieldable fine
grain structural steels

Symbol | Description S235 S275 S355 S460
fy (MPa) | Yield strength 235 275 355 460
fu (MPa) | Ultimate strength 390 490 520 540

EN10025-4 Hot rolled products - Thermomechanical rolled wieldable fine grain
structural steels

Symbol | Description S235 S275 S355 S460
fy (MPa) | Yield strength 235 275 355 460
fu (MPa) | Ultimate strength 370 470 520 540
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grain structural steels

EN10025-5 Hot rolled products - Normalized/normalized rolled wieldable fine

Symbol | Description S235 W | S355 W
fy (MPa) | Yield strength 235 355
fu (MPa) | Ultimate strength 360 490

EN10025-6 Hot rolled products - High yield strength structural steels in the
quenched and tempered condition

Symbol | Description S460 Q/QL/QL1 |
fy (MPa) | Yield strength 460
fu (MPa) | Ultimate strength 570

EN10210-1 Hot finished structural hollow sections - Non-alloy and fine grain

steels

Symbol | Description S235H | S275H | S355H S275NH/NLH
fy (MPa) | Yield strength 235 275 355 275

fu (MPa) | Ultimate strength | 370 430 510 390

EN10219-1 Cold formed welded structural hollow sections - Non-alloy and fine

grain steels

Symbol | Description S235H | S275H | S355H S275NH/NLH
fy (MPa) | Yield strength 235 275 355 275

fu (MPa) | Ultimate strength | 360 430 510 370

Structural Steel Strength Properties for elements with nominal thickness 40 mm <t

< 80 mm
EN10025-2 Hot rolled products - Non-alloy structural steels
Symbol | Description S235  [S275 [ S355 | S450
fy (MPa) | Yield strength 215 255 335 410
fu (MPa) | Ultimate strength 360 410 470 550
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EN10025-3 Hot rolled products - Normalized/normalized rolled wieldable fine
grain structural steels

Symbol | Description S235N/ | S275 S355 S460 N/NL
NL N/NL N/NL

fy (MPa) | Yield strength 255 335 390 430

fu (MPa) | Ultimate strength | 370 470 520 540

EN10025-4 Hot rolled products - Thermomechanical rolled wieldable fine grain
structural steels

Symbol | Description S235M/ML | S275 S355 S460
M/ML | M/ML M/ML

fy (MPa) | Yield strength 255 335 390 430

fu (MPa) | Ultimate strength | 360 450 500 530

EN10025-5 Hot rolled products - Structural steels with improved atmospheric
corrosion resistance

Symbol | Description S235 W | S355 W
fy (MPa) | Yield strength 215 355
fu (MPa) | Ultimate strength 340 490

EN10210-1 Hot finished structural hollow sections - Non-alloy and fine grain

steels
Symbol | Description S235H |[S275H [S355H | S275NH/NLH
fy (MPa) | Yield strength 215 255 335 255
fu (MPa) | Ultimate strength | 340 410 490 370
«Uaa Dl

EN 1002-5 < EN 10025-4 < EN 10025-3 ¢« EN 10025-2 sl & g ciloall cila -1
Jend il Claall s 3 ALl e cilaall Kel) 3Y il e gulaill AWGEN 10025-6 «
5 alal) i) 48 small olalid) e gudatll ALE EN 10210-1 bl iy ¢ "H" il

109 |Page

.



‘ ' I ndustrial and Varehouse Steel Structure Structural Drawing

Gkl ALE EN 10219-1 Jlsnal 5 ¢ "H" Carieaill Joad Al calial) cila 0 Al Jle
Db Ciay e Jsanllslial Jualaill il oLl e A5 40K 48 aal) akaliall e
Alall G3EN
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[EN 10025-2 (& gilal) 3 sill Jlia slial Jsanll b 2 50 gaial) 5l = 5

Steel > 16 > 40 > 63 > 80 > 100
grade <16 <40 <63 <80 <100 <150
Nominal thickness (mm)
S275 275 265 255 245 235 225
S355 355 345 335 325 315 295
S460 460 440 420 400 390 390
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(Thickness tolerances) < slll clow & daalend) -7

e Y olae Yl o A Al 488 EN 10029 ) A Al 5S5 L sale ¢l dpally

s ala 3 dgeliall g 405l clelindl Juel cilial sa 4 Lo )bl oSl 25 EN 10025-2
r A il e can¥) claudly A Caiall 8 ASLaud)

Nominal thickness mm Lower tolerance Upper tolerance mm
mm
>8<15 -0.5 +0.9
>15<25 -0.6 +1.0
>25<40 -0.7 +1.3
>40 <80 -0.9 +1.7

reeliall 5 oAl L) deldl 4z )Y sl 5 (D

Il ) Al Aalall ) gleal) delal daluall duibu a1l daca ) Y (iany Jiay IS obal b

Goods Stored
) condition 5
Floor Covering wall or Wall or
under coating conditions Grade Beam Grade Beam
1,2,3,and 4 Note 3
SLAB SLAB Note 4

ONGROUND ON GROUND

SLAB
/7 ON GROUND

oy

Larcoey
£ = s . . s B
N g . =
£ L o “ At P
# 5 e 4
g ! ea . i
I 29 ) i 2 a8, B -
% i B S e S s R
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o

Dry Granular Material { BARRIER

(1) IF GRANULAR MATERIAL [S SUBJECT TO FUTURE MOISTURE INFILTRATION FROM
WET-CURING. WASH-DOWN AREAS SLOPED TO DRAINAGE. OR OTHER LIQUIDS THAT
CAN POND ON TOP OF THE SLAB AND SEEP THROUGH JOINTS. CRACKS OR OTHER
OPENINGS. USE FIG. 2.

(2) IF FIGURE 2 IS USED. MEASURES TO MINIMIZE SLAB CURLING. DOMINANT JOINTS.,
DELAMINATIONS. BLISTERING. CRUSTING. PLASTIC SHRINKAGE CRACKING. BAR
SHADOWING AND SUBSIDENCE CRACKING LONGITUDINALLY OVER THE
RE INFORCEMENT, REDUCTION IN SURFACE FLATNESS. AND FINISHING TIME
WILL LIKELY BE REQUIRED.

(3) VAPOR RETARDER/BARRIER SHOULD BE TURNED UP AND SEALED TO WALL. GRADE BEAM

OR SLAB.
(4) FLEXIBLE CLOSED CELL FOAM PLANK FULL DEPTH OF SLAB (WHERE REQUIRED) WITH
ELASTOMERIC JOINT SEALANT (WHERE REQUIRED) . (NOTE: FOAM PLANK IS NOT SHOWN IN

FIG. 2 BUT CAN BE USED AS SHOWN IN FIG. 3)
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APPENDIX D:

Structural Drawing

(Worded Example: Design of Portal Frame Using Elastic Analysis)

1. Elastic analysis of a single bay portal frame

This example covers the design of a portal frame for a single-storey building, using
the elastic method of global analysis. Only gravity loads are covered in this example.
The frame uses hot rolled I sections for rafters and columns.

aty Jalill Jilacill 45yl 48y phall aladiinly ¢ aaly Gilda (e el 45l ) asanai JU) 138 axy
Leledll ) guall Al o 4l | aludl eyl andiey  Jaall a8 Jads Lpdlal) Jleal dkass

2. Frame geometry

Location of
Purlin \

6.000
5.275

FINISHED
/7 FLOOR LEVEL

RAFTER

HAUNCH
7.040

EAVE /

Spacing of portal frames =7, 20 m

30.000

The cladding to the roof and walls is supported by purlins and side rails. The purlins
have been provisionally located at intervals of between 1500 mm and 1800 mm as
shown. The side rails are provisionally located at intervals of no more than 2000
mm. The rafter and column verifications may require these locations to be modified.
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G = 2,16 kN/m + self weight

14 \I

30m

3.2. Snow loads EN 1991-1-3

The characteristic value for snow loading on the roof for a specific location in a
given country at certain altitude has been calculated as:

sk = 0,618 kN/m?
] For an internal frame: s = 0,618 x 7,20 = 4,45 kN/m

s =445 KkN/m
-0 -0
< -
30m
3.3. Imposed load on roof EN 1991-1-1 .Table 6.10

Characteristic values for loading on the roof (type H: not accessible).
gk = 0,4 kN/m?

[1 For an internal frame: gk = 0,4 x 7,20 = 2,88 kN/m
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Q, = 2,88 kN/m

_\L¢

<

30m

3.4. Load combinations EN 1990

For simplicity, the wind actions are not considered in this example.
Therefore, the critical design combination for choosing the member size is: yG
G+voQ

Where:

Q is the maximum of the snow load and the imposed load.

vG = 1,35 (permanent actions)

vQ = 1,50 (variable actions)

The snow loads are greater than the imposed loads on the roof, therefore
Q =4,45 KN/m

4. Preliminary sizing

Single-storey steel buildings. Chapter 2: Concept design provides a table of
preliminary member sizes, according to the rafter load and the height to eaves.

Rafter load = 1,35( 2,16 + self-weight )+1,5 x 4,45 = 9,6 kN/m + self-weight

Say 10 kN/m to include self-weight.
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The section chosen for the rafter is an IPE 450, S355

The section chosen for the column is an IPE 500, S355
5. Buckling amplification factor oy EN 1993-1-1

In order to evaluate the sensitivity of the frame to 2nd order effects, the buckling
amplification factor, acr, has to be calculated. This calculation requires the
deflections of the frame to be known under a given load combination.

An elastic analysis is performed to calculate the reactions under vertical loads at
ULS, which provides the following information:

The vertical reaction at each base: Vgq = 168 KN

The horizontal reaction at each base: Hgg = 116 kN

The maximum axial force in the rafters: Nrgg = 130 kN

5.1. Axial compression in the rafter EN 1993-1-1 85.2.1(4) Note 2B

According to the code, if the axial compression in the rafter is significant then acr is
not applicable. In such situations, Appendix B of this document recommends the use

of acr est instead.

[
- . . . . . — Af.
The axial compression is significant if 1 >0.3 ;' Uy

| Veg
Or if Ngq> 0,09 N, which is an equivalent expression.

Ngq IS the design axial load at ULS in the rafter, noted N gq in this example.

Lcr is the developed length of the rafter pair from column to column.
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2 2 4
N T EL _ 77 X210000x33740x10° s 0 e
' (30.1x10° )’
0.09 Ny = 0,09x 772 = 69 kKN

Nreqa = 130 kN > 69 kN

Therefore the axial compression in the rafter is significant and acr from
EN 1993-1-1 is not applicable.

5.2. Calculation of acr,est

For a pitched roof frame: acr,est = min(acr,s,est; acr,r,est) , acr,r,est only needs to
be checked for portal frames of 3 or more spans. When assessing frame stability,
allowance can be made for the base stiffness.

In this example, a base stiffness equal to 10% of the column stiffness has been
assumed to allow for the nominally pinned bases. To calculate acr, a notional
horizontal force is applied to the frame and the horizontal deflection of the top of the
columns is determined under this load. The notional horizontal force is:

1 1
Hag = —— Vg = ——x 168 = 0.84 kN
NHET 500 EY 200

The horizontal deflection of the top of the column under this force is obtained from
the elastic analysis as 1,6 mm.

Qe s.eq 18 calculated as follows:
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N 1 h
Xersest — 0,8 1_( e } {——}
Nra ). | 200 S
_ 0.8{1_[130)}{ 1 6000} 125
772)J 1200 16

TS Ssan = Gexen™ 12,5 > 10

First order elastic analysis may be used and second order effects do not need to be
allowed for.

6. Frame imperfections EN 1993-1-1 85.3.2

The global initial sway imperfection may be determined from:

¢ =t o O
t =1/200
2 2
oty = —=——=082
Vi 6.0
1 / 1
Om =./0.5(1+—)=0.87 = . /]0.5(1+=) =0.87
m 2
m = 2 (number of columns)
1
¢ = —x0,82x0,87=3,56x107"
200

The total reactions for the structure to determine Hgq and Vgq.

Vertical and horizontal reactions

Right column Total reaction 0,15 VEd
Left column (kN) (kﬂ) (kN) (KN)
Heq VEq Heq VEdq Heq VEdq
Reactions 116 168 -116 168 0 336 50
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Hgg=0<0,15 Vgq

Therefore the initial sway imperfections have to be taken into account.
The equivalent horizontal forces:
HEHF = CD VEd,column = 3,56 X 10-3 X168 = 0,60 kN

This force is applied at the top of each column, in combination with the permanent
and variable actions.

For the ULS analysis, the bases are modeled as pinned. Otherwise the base details
and foundation would need to be designed for the resulting moment. The following
figure shows the internal forces on the frame subject to the ULS loads including the
equivalent horizontal forces.

Ves = 150 kN Vea = 118 kN 52’.338 Eﬁ
Ned = 130 kN Vea= 117 kN VEq = 87 kN Nea =127 kN Meq= 701 kKNm
Mes= 693 kNm  Nea= 127 kN Neg=124kN  Meqa= 298 kNm
Meg= 292 kNm  VEa =86 kN ¢ Mea = 0 kNm
Ned= 124 kN Ved =117 kN
Eea = 116 kN Meg= 0 kNm ‘ Neg = 162 kN
Ed = 161 kN Megq = 616 KNm
Mea = 610 kNm
3011 Vg = 0 kN Veg = 10 kN S0
5869 Neg = 117 kN Nea = 116 kN 5941
5075 Mea= 356 KNM  Meq= 351 kNm
/ MEd =0 kNm
¥y

le
|

Ny

30000
7. Summary of member verification

The cross-section resistance and the buckling resistance are verified for each
member. Sections 7.1and 7.2 provide a summary of the checks carried out for each
member of the frame.

7.1. Cross-section verification
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The resistance of the cross-section has to be verified in accordance with Section 6.2
of EN 1993-1-1.

The cross-sectional checks carried out in this worked example are:

Shear resistance EN 1993-1-1 86.2.6

4,(1,/33)

Vea < Vpira = —————
7'Mo

Compression resistance

Af,

VMo

Nea < Nera =

Bending moment resistance
Wpl-yf y

/Mo

Mgaq < Mpiyra =
In addition, bending and shear interaction, as well as bending and axial force
interaction must be verified.

7.2. Buckling verification EN 1993-1-1 Expressions (6.61) and (6.62)

The rafters and the columns must be verified for out-of-plane buckling between
restraints and in plane buckling.

The buckling checks due to the interaction of axial force and bending moment are
carried out using Expressions 6.61 and 6.62 from EN 1993-1-1.

Expression (6.61) is used to verify in-plane buckling, and expression (6.62) is used
to verify out-of-plane buckling.

COLUMN: IPE 500, S355
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Section properties: T 3
2 Veg= 117 kN = 616 kNm
b=200 mm W, =2194x10° mm’ =
’ - 444 kNm
ty =10.2 mm I, =48200x10* mm* i, =204 mm o 1
3| &
t; =16 mm , =2142x10* mm* i, =43,1 mm | -
; 4 - 221 kNm
r=21 mm 1, =89.3x10" mm ‘
8

hy =468 mm I, =1249x10° mm° 2

= Veg= 117 kN N ’ k2
d =426 mm Neu= 168 kN 0 kNm

7.3. Cross-section classification
7.3.1. The web 7.3.2. The flange

c 426

L =20 48 £=—?39=4,6

ty 10,2 te 16

. Ny . 1683000 e The Iimit for Class 1 1s : 9¢=9 x 0,81 = 7.3

Ytof, 10.2x355 Then: £ =46<83

I¢
a= dy +dy _ 426+46,4 _ 0.55 > 0.50 — The flange is Class 1

2d,, 2% 426
The Limit for Class 1 is - 1-:9681 - 1?960104811 _sp» Sothe section is Class 1. The verification of
2 T the member will be based on the plastic
resistance of the cross-section.

Then : - =41.8<522

w

~

— The web i1s class 1.

7.4. Resistance of the cross-section EN1993-1-1 86.2.6

7.4.1. Shear resistance
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Shear area: A, = 4 — 2bts + (tw+2r)ts but not less than nhyty
Ay =11600-2x200x16+(10,2+2x21)x16 = 6035 mm’

Conservatively 7= 1,0. Therefore:
Ay ¢ Nhyty =1,0x468x10,2 = 4774 mm’
. Ay = 6035 mm’

4, (ry /¥3) _ 6035(355/3)

7 Mo 1,0
Vea=117kN < 1237 kN OK

x1073 =1237 kN

plRd —

Bending and shear interaction

When shear force and bending moment act simultaneously on a cross-section, the
shear force can be ignored if it is smaller than 50% of the plastic shear resistance.

Vea=117kN < 0.5 Vpira = 0,5 x 1237 =619 kN
Therefore the effect of the shear force on the moment resistance may be neglected.

7.4.2. Compression resistance
A 355

Nogq = Jy _ 11600x35: x10~3 =4118 kN
7 Mo 1,0

Nea= 168 kN < N pq=4118 kN OK

Bending and axial force interaction

When axial force and bending moment act simultaneously on a cross-section, the

axial force can be ignored provided the following two conditions are satisfied:
0,25 Nyira = 0,25 x 4118 = 1030 kN
O,Sh“.fw 5 355
S _0.5%468x10,2%355 105 _ gpmtac
7 Mo 1,0

168 kN < 1030 kN and 847 kN, OK

Therefore the effect of the axial force on the moment resistance may be neglected.
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Bending moment resistance

Wafy _ 2194x10° x355
7 Mo 1,0

Myga= 616 kNm < 779 kNm OK

x107° =779 kNm

AIpl.y.Rd =

7.5. Out-of-plane buckling

The out-of-plane buckling interaction is verified with expression (6.62) in
EN 1993-1-1.

NEd AI y.Ed

S B Was BT
Nb.z.Rd AIb.Rd

This expression should be verified between torsional restraints.

If the tension flange is restrained at discreet points between the torsional restraints
and the spacing between the restraints to the tension flange is small enough,
advantage may be taken of this situation. In order to determine whether or not the
spacing between restraints is small enough, Annex BB of EN 1993-1-1 provides an
expression to calculate the maximum spacing. If the actual spacing between
restraints is smaller than this calculated value, then the methods given in Appendix
C of this document may be used to calculate the elastic critical force and the critical
moment of the section.

Verification of spacing between intermediate restraints

In this case the restraint to the tension flange is provided by the side rails. These side
rails are spaced at 1900 mm. The limiting spacing as given by Annex BB of EN

1993-1-11s: 381,

Lin=
| ( NEd ]+ 1 I/Vpl_y ) fy
57,4\ 4 756C; Al | 235

2
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C1 is a factor that accounts for the shape of the bending moment diagram. C1 values
for different shapes of bending moment diagrams .For a linear bending moment
diagram, C1 depends on the ratio of the minimum and the maximum bending
moments in the segment being considered.

The ratios of bending moments for the middle and bottom segments of the column
(without considering the haunch) are as follows:

W:_zzz =0,50 > C, =131
444

w=i=0 — C, =177
222 b

C1=1,31isthe most onerous case and therefore this is the case that will be analyzed.

38x 43,1
1 (168x10°) 1 (2194x10° )’ (355}3
57.4| 11600 | 756x1.317 11600x89,3x10* | 235

Ly=1584 mm

Llll =

Side rail spacing is 1900 mm > 1584 mm

Therefore the normal design procedure must be adopted and advantage may not be
taken of the restraints to the tension flange.

7.5.2. Whole column (5275 mm)

Firstly the whole column is verified. If the flexural buckling, lateral torsional
buckling and interaction checks are satisfied for the length of the whole column, no
further restraints are required. Otherwise, intermediate torsional restraints will be
introduced to the column, or the column size increased.

Flexural buckling resistance about the minor axis, Np 2 rd

H/B =500/200=2.5 tf=16 mm
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buckling about z-z axis:

—_—

—_—

— Curve b for hot rolled I sections — T K
Veg= 117 kN - 616 kNm
- a,=0,34 Neg= 162 kN | e
B =% £:”f210000:76’4 T 444 KNm
i 355 8
| (5]
= 5275 o
/12 :L_“L:ix_l—zl’GO - §
i, 4, 43,1 76,4 |
¢ = 051+a,(7-02)+7.7] e L1 4y -
Neg= 168 kN
= 0,5[1+034(160-0,2)+1,60*| =2.02
= 1 = 1 =0,307

7 = =
T st 2.02442,02% —1,60°

XAy _ 0,307x11600x 355
7M1 1.0

Nea = 168 kKN < 1264 kN

x107 = 1264 kN

Nozrd=

The restraint must be at a side rail position, since bracing from the side rail to the
inner flange is used to provide the torsional restraint.

7.5.3. Upper segment (1475 mm)

As previously, the flexural buckling and the lateral torsional buckling checks are
carried out separately before proceeding to verify the interaction between the two.

Flexural buckling resistance about the minor axis, Ny rd

H/B =500/200 =25 tf=16 mm
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buckling about z-z axis:
_ Xz4fy _ 0,906x11600x 355

— Curve b for hot rolled I sections Nozra= ” ™o x107* =3731 kN
g, =034 M ’
= Ngqa = 168 kKN <3731 kN OK
A=rm |— = ”\/210000 =764
- 355
- L 5
Az === D e, o = 0,448

i b 8.1 764
4 = 05i+a,(z.-02)+7.2

= 0.5[1+0,34(0.448—0.2)+0,448% ] =0.643

2= - = - = 0,906
Z — - - Y,

0, +4d,2 222 0,643+40,6432 —0,448>
2= 0,906

Lateral-torsional buckling resistance, My ra

As previously the factor C) needs to be calculated in order to determine the
critical moment of the member.

7 g 616 kNm
EN 1993-1-1 86.3.2.2
2 - W, * %355
g Am—‘j v Sy :\/2194x10 x63 o364
M. 5887 x10
For hot rolled sections
dr= 0,5[1+ QLT(ZLT —er.o)+ ﬁZLTZ]
Ao =04
B =0,75
As previously:
— Curve ¢ for hot rolled I sections
B 72 x210000x 2142 x10* —> ar =049
=1,16x -
1475~
>(\/1249x109 5 1475% x81000x 89.3x10*
2142x10* 7% x210000x2142x10*
M, = 5887 x 10° Nmm
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dhr = 0.5[1+0.49(0.364—0.4)+0.75x0.364*] = 0,541
I
Prr +\/¢'LT2 - ﬂZLTz
1

T =1,02
0.541++/0,541> —0,75x0,364>

AT ™

7ot cannot be greater than 1.0, therefore:
AT 1,0

XuWayfy _ 1,0x2194x10° x355
VM 1,0

Mgs=616 KNm <779 kNm  OK

Interaction of axial force and bending moment — out-of-plane buckling

Myra= x107% =779 kKNm

Out-of-plane buckling due to the interaction of axial force and bending
moment is verified by satisfying the following expression:

NEd My.Ed
+k <1.0 EN 1993-1-1
Nbzra  Myga
For A, > 0.4, the interaction factor, k,y is calculated as: EN 1993-1-1 Annex B Table
A: N : N
kzy = max (1— 0.14: Ed_|. [1— 0.1 Ed }
_ (Curr =0.25) Nygy, (Corr —0.25) Nygy,
Curr = 0,6+0.4y EN 1993-1-1 Annex B Table B.3
444

= —=0,721

v 616

Cur=0.6+0,4x0,721 =0,888 > 0.4
CmLTZO.SSS

0.1x0.448 168 0.1 168
kzy = max||1- sl 1=
(0,888-0.25)3731 (0.888-0.25) 3731

kzy =max (0.996: 0.993)=0.996

Nea +k =
Npzra | Mygrg 3731

M
yEd 168 +0.996% = 0832 <10 OK
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7.5.4. Lower segment (3800 mm)

As previously the flexural buckling resistance and the lateral-torsional buckling
resistance are checked individually and then the interaction between the two is
verified by using interaction Expression 6.62.

Flexural buckling resistance about the minor axis, Ny, ;rq AS previously:

— Curve b for hot rolled I sections

— a,=0.34
\F 210000 EN 1993-1-1 Table 6.1 Table 6.2
AA=rn|—=n1 =76.4
fy \ 355
Z,=La 1 3800 1 _ s EN 1993-1-1 §6.3.1.3
i, A4 43,1 76.4
go= 051+ (7. -02)+ 2. EN 1993-1-1 §6.3.1.2

¢, = 05[1+034(115-0.2)+115?] =132

1 1
M= — = =0,508 K[ ]444kNm
. +W 1.32+1.32% —1.15?
A § - S
Noggz 22 Yy _ 0.508x11600x355 s ho0) 1o
M1 1.0
Neg=168 kKN <2092kN  OK §
X
W‘L— —C, =177
Lateral-torsional buckling resistance, My rq 444 ==

As previously the C1 factor needs to be calculated in order to determine the critical
moment of the member.
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7*EI, |I, L*GI,

+
L’ I, nr’El,

72 x210000%2142x10*
38007

=1.77x

x‘/1249><109 +38002 «81000x89.3x10%
2142x10* 72 x210000x2142x10*

M, = 1556 x 10° Nmm

- W, fy 2194x10° x355
Arr = = p
M 1556 x10

cr

=0,708

For hot rolled sections

dr = O._S[l + JLT(ILT - ELT,O)-F p ZLTz]

A1ro=0.4 and S =0.75

As previously:

— Curve ¢ for hot rolled I sections

— o7 =0.49

gL = 0.5[1 +0.,49(0,708 —0.4)+ 0,75 0.7082] =0.763
1

AT = —
P +\/¢LT _)8/1”'
1
AT= =0.822
0.763++/0.763% —0.75x 0,708
_1, S — =199
iz 0.7082
L ZLT=0.-‘822
W 4x10° x 355
e XuWoiy fy _ 0.822x2194x10° x3 105 — 640 KNm
M 1.0

Mgg=444kKNm <640 kNm OK
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7.6. In-plane buckling

The in-plane buckling interaction is verified with expression (6.61) in
EN 1993-1-1.

N M
Ed +k y.Ed

: <1.0
Noyra  Myga

Firstly individual checks are carried

Veg=117kN .
e out for flexural buckling alone and

NEgg=162 kN . .
Meq=616kNm  Lateral-torsional buckling alone. Then

the interaction expression for in-plane
buckling is applied to verify that the
combination of axial force and

bending moment does not cause

Veg= 117 kN excessive buckling on the columns.
Ngq= 168 kN
Mgq = 0 kNm

The maximum design values of either column occur on the right hand column
(considering EHF applied from left to right) and are as follows:

Mg4 =616 kNm
Ng4 =168 kKN

Validity of column section

In Section 7.4 it has been demonstrated that the cross-sectional resistance of the
section is greater than the applied forces. The out-of-plane and in-plane buckling
checks have been verified in Sections 7.5 and 7.6 for the appropriate choice of
restraints along the column. Therefore it is concluded that the IPE 500 section in
S355 steel is appropriate for use as columns in this portal frame.
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Rafter: IPE 450
1700 Veq = 118 KN (maximum value)

Neq = 127 KN (maximum value)

M4 = 356 KNm (maximum value)

Section properties
h =450 mm 4 =9880 mm’
b =190 mm Wyy =1702x10° mm’
fw =9.4 mm I, =33740x10" mm*
111 kNm
t; =14,6 mm I, =1676x10* mm*
r=21 mm I, =66.9x10* mm*
351 kNm
354 KNm hy =420.8 mm I, =791x10° mm°®
d=378.8 mm
7.7. Cross-section classification 7.8. Resistance of the cross-section
7.7.1. The web 7.8.1. Shear resistance
£ = M =403 Shear area : 4y = A - 2Dty + (1, +27)fr but not less than hyty
fe 94 A, = 9880 2x190%14.6+ (9.4 +2x21)x14,6 = 5082 mm’
d_NEd_127ooo_ ot = 1,0%420.8x9.4 = 3956 mm’
N teSs  9.4x355 Ml = 1,0 %220,622.% = o
' e - Ay = 5082 mm’
w N O+
a= = =055 > 0.50
. . 4, J3)  s082(355/43
2d, 2x37s.§% i —_— (£, /¥3) _ s0s2( /f)xlo_s o IN
The limit for Class 1 is : £ - = =591 7m0 1.0

13a-1 13x0.55-1 Vea =118 KN <1042kKN  OK

, . . .
Then : e 40,3 <52.1 Bending and shear interaction
" . When shear force and bending moment act simultaneously on a cross-section,
—> The web is class 1. the shear force can be ignored if it is smaller than 50% of the plastic shear

resistance of the cross-section.
Vea =118 KN < 0.5 Vra =521 KN OK

7.7.2. The flange

c _ 69,3 _
: T 46 s Therefore the effect of the shear force on the moment resistance may be
The limit for Class 1is: 9e=9x0.81=73 neglected.
Then: — =4,7<7.3
Is

— The flange is Class 1

Therefore, the section is Class 1. The verification of the member will be based
on the plastic resistance of the cross-section.
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7.8.2. Compression resistance

4
Jy _ 9880x355 |0 _3507kN

Y Mo 1.0 EN 1993-1-1 §6.2.4
Ngq =127kN<3507kN OK

Nc,in =

Bending and axial force interaction

When axial force and bending moment act simultaneously on a cross-section,
the axial force can be ignored provided the following two conditions are
satisfied:

0.5hyty fy

N]-;d < 0.25 Npl,Rd and NEd <
/Mo

0.25 Npira=0.25 x 3507 =877 kN

And

0.5hwtw fy 0,5x420,8x9.4x355

VMo 1.0
127kN <887 kN and 702 kN OK

Therefore the effect of the axial force on the moment resistance may be
neglected.

EN 1993-1-1 86.2.9

x10> =702 kKN

7.8.3. Bending moment resistance

Woyfy  1702x10° x355
o 1.0

Myes =356 kKNm < 604 kNm OK

7.9. Out-of-plane buckling

The out-of-plane buckling interaction is verified with expression (6.62) from
EN 1993-1-1

N Ed " ]\' M v.Ed
N zb.Rd = AI b.Rd

x107° = 604 KNm

Mpl.y.Rd =

<10

The rafter should be verified between torsional restraints. If advantage is
taken of intermediate restraints to the tension flange, the spacing of the
intermediate restraints must also be verified.
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The purlin spacing in this region is 1700 mm. Flexural buckling resistance about minor axis bending, Ny, r4

1700 mm ; 450
I B 220 o3y
b 190
N . Y, tr= 14,6 mm
1 . .
buckling about z-z axis
1 Mid-span region — Curve b for hot rolled I sections
e 1700 > —a=034
A =7 £ - 210000 —76.4
£, \ 355
301 km 356 kNm 354kNm 4, = L, 1 _1700 1 _ 0.540
i, 4, 41.2 76.4
1 52
1: Bending moment & = 0~5[1+azaz —0.2)+ Az ]

¢ = 0-5[1 +0.34(0.540-0.2)+ 0.5402] =0.704

= ! = ! =0.865

b, 18, — 22> 0.704+,0.704> —0,540°

Zz4fy  0.865x9880x 355
Ym 1.0

Negg =127kN<3034kN OK

Nozra = x107° = 3034 KN

Lateral-torsional buckling resistance for bending, My r4

In this zone, lateral-torsional buckling is checked between restraints, which
are the purlins. For equally spaced purlins, the critical length is at the point of
maximum bending moment.

In order to determine the critical moment of the rafter, the C; factor takes
account of the shape of the bending moment diagram.

In this case the bending moment diagram is nearly constant along the segment
in consideration. so ¥ ~ 1.0. Therefore:

- C, =10
2 —_— W 3 5
Mo = C 7 El, I_W+LGI, 2 L1 =\/ oy Sy =\/1702><10 x 355 — 0470
R L A M, 2733x10°
L 0x & X210000x1676x10°* bir =0.5[1+au(2n — ol ﬂ;uz]
1700°
x\j 791x10° 17007 x81000x66.9x10°
1676x10*  7° x210000x1676x10*
My =2733 x 10° Nmm
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Interaction of axial force and bending moment — out-of-plane buckling

ELT,O =04 and B =075 : ; ’ ) ‘
Out-of-plane buckling due to the interaction of axial force and bending

h 137 moment is verified by satisfying the following expression:
b NEd MyiEd
! ‘ ) ko <1.0
— Curve ¢ for hot rolled I sections Ny.ra Myzs
- o =049 For A > 0.4, the interaction factor. kzy 1s calculated as:
21 _ —
fir = 0.5[1+0,49(0.470-0.4)+0.75%0.470% ] =0.60 — [1 0.11.  Ngg ] [1 01 Ngs ]
P 1 . (Cawr —0.25) Ny, s (Cowr =0.25) Ny 54
brr +\bir” — B’ The bending moment is approximately linear and constant. Therefore Cyy 1 is
I taken as 1.0
LT = =0,961
0,60+\/0,602—0,?5x0,4702 b = max|[1_9:1¥0.540 127 | (. 0.1 127
. . i (1-0.25) 3034 ) (1-0.25) 3034
1. 0.470° 4.53 =max (0.997: 0.994) =0.,997
N M 2 5
s jar=0.961 B g, B =127 997390 _p6s3<10 oK
- , N o Myga 3034 581
Y 0,961x1702x10° x355 -
Mygg= 22 dy D 0DA7O2XA07 X355 156 _ 581 knm
4% 1,0

Meg=356 kNm < 581 kNm OK

8. Hunched length

The haunch is fabricated from a cutting of an IPE 550 section. Checks must be
carried out at end and quarter points, as indicated in the figure below.
2740

A
/ — o
IPE 450 i
IPE 500 _—F A
L o
o 3020 L
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Structural Drawing

From the geometry of the haunch, the following properties can be obtained for each
of the cross-sections 1 to 5, as shown in Table below.

Cross- Cutting Overall Gross ly Wei,min Neg Meq
section depth depth area, A

no. (mm) (mm) (mm?) (cm*) (cm?) (kN) (kNm)
1 503 953 15045 200500 4055 129 661

2 378 828 13870 144031 3348 129 562

3 252 702 12686 98115 2685 128 471

4 126 576 11501 62258 2074 127 383

5 0 450 9880 33740 1500 127 298

The section properties are calculated normal to the axis of the section.

For simplicity, the section properties above have been calculated assuming a
constant web thickness of 9,4 mm and neglecting the middle flange. The actual and
the equivalent cross-sections are shown in the following figure for cross-section

No.1:
190 | I 190
14,6 %I—-.—l = = = —— 7
450 9,4 <
v
14,6}- 04—l
503 11,1
17‘2i — o —z—:: —c———)
* 210 210

Actual cross-section

953

Equivalent cross-section

For cross-section No.1 the values of Ngg and Mgq are taken at the face of the column.
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8.1. Cross-section classification
8.1.1. The web

The web can be divided into two webs, and classified according to the stress and
geometry of each web. The upper section (i.e. the rafter) is called the upper web and
the lower section (i.e. the cutting) is called the lower web.

Upper web
By inspection the upper web will be Class 3 or better, because it is mostly in tension.
Lower web

Stress in the section caused by axial load:

129
oN = x10° = 8.57 N/mm>
15045

Assuming an elastic stress distribution in cross-section No.1, the maximum stress
available to resist bending is:

o
¥y

5

N

OMm = —on = —-8.57 = 346 N/mm’
Ywmo 1.0
A
@ 2
é A3
-
3 %F —> 31 N/mm?
= 3
<t

TR

The distance from the bottom flange to the elastic neutral axis is:
z=451,4 mm
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Distance from underside of middle flange to neutral axis: 51,6 mm

Bending + axial stress at the top of cutting section:

=346 (- 51,6 451,4 )+ 8,57 = -31 N/mm?

For Class 3 check. determine y.
-31
346

Considering section 1 parallel to
column flange. the depth of web

=-0.09

W =
450

excluding root radius is: }

Cw=503-17,2-24 =461.8 mm

cw _ 4618

- = 41.6
Iw 11.1

503

For y> -1, the limit for Class 3 is:

42¢ 42x0,81

= =53.1
0.67+0.33y  0.67+0.33(-0.09)

£ =416<53.1
rw

— The web is Class 3

8.1.2. The flanges

Top flange
c_%3_,,
te 14,6

The limit forClass 1is: 9e=9x0.81=7.3

Then: £ =47<73
Ig

— The top flange is Class 1

51,6

Z=4514

Bottom flange
c _75.45 _

— 4.4
te 17,2

The limit for Class 1i1s: 9¢=9x0.81=7.3

— The bottom flange is Class 1

Therefore the overall section is Class 3.
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8.2. Cross-sectional resistance

562 kNm

A71 kNm

298 kNm 383 kNm

IPE 450

IPE 500 P

661 kNm

701 KNm

o bbb

Structural Drawing

725

>l

=1

le
' 3020

9. Deflections

The horizontal and vertical deflections of the portal frame subject to the
characteristic load combination, as per Expression 6.14 of EN 1990 are as follows:
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CODE OF PRACTICE
— AClI 318M 14: American Concrete Institute for Reinforced Concrete Design

—UBC 97: Uniform Building Code

—ASCE 7-05: ASCE Standard, Minimum Design Loads for Building
and Other Structures.
—ACl 350R: Design of liquid retaining structures.

—AISC code: American Institute of Steel Construction.

—ASTM code: American Society for Testing and Materials.

A COPY OF LATEST EDITION OF THESE DOCUMENTS SHALL BE KEPT AT SITE AT ALL
TIMES DURING CONSTRUCTION.

DIMENSIONS

All Dimensions are in meters unless noted.

DRAWINGS

1— Structural drawings shall be read in conjunction with
Architectural, Mechanical and Electrical drawings.

2— Sleeves and openings smaller than 200X200 mm are
not shown on the Structural drawings. For required
openings refer to Architectural, Mechanical and
Electrical drawings.

3— Contractor shall prepare working drawings and  bar

i hedul inf t in a format

nding or

agreed with the engineer.
4— Drawings are not necessarily to scale.
5— Chamfers for fair faced concrete are not shown on

Structural Drawings. Reference should be made to
Architectural details for such purpose.

REINFORCEMENT

1— Al reinforcing bars of a diameter larger than 8
millimeters shall be deformed high strength steel
bars of Characteristic Strength equal to:

fy=420 MPa.

2- Bars of 6 and 8 millimeters diameter shall be of mild
steel of Characteristic Strength equal to:

fy=300 MPa.

3— Reinforcement shall comply with BS4449 , BS4461
or BS4483

4— Reinforcement shall be placed as shown on the
drawings and in the lengths specified.

5— Where bar length is not  specified, longest
practicable bar length shall be employed  with
staggered lap splices. Lap length shall be 50 times
bar diameter.

6— Bar crank shall not exceed 1:12.

REINFORCED CONCRETE

The following type of reinforced concrete shall
be employed:

COMPRESSIVE STRENGTH OF CONCRETE, Fcu, AS DEFINED BY
A STANDARD 150mm Cube AT 28 DAYS SHALL BE AS FOLLOW:

FOR: 0 COLUMNS AND WALLS NON — STEEL
O STRUCTURAL SLABS Feu=30.0 MPA
FOUNDATION Fou=35 MPA
Fou=25.0 MPA

o
O SLAB ON GRADE
o

PLAIN CONCRETE
strength equal to 35 MPa —Well be
indicated in drawing , minimum cement
content of 420 kilograms per cubic meter,
and a maximum water:cement ratio of 0.42

Fcu=15.0 MPA

O COMPRESSIVE STRENGTH OF THE BLOCK = 4.0 N/mm*

CEMENT
Sulphate resistant portland cement type (V) shall be used for all
i d and reinf d ete below grade level.

for reinforced concrete above slab on grade level use type(l)
ordinary portland cement.

COVER

Clear

cover to r shall be:

60 mm for footings.

30 mm for columns. NOT FOUND
25&40 mm for slabs.

25 mm for walls.

AGGREGATES

Maximum aggregate size shall be 20 mm.
FOUNDATIONS
Bearing capacity of the soil at the foundation level

[100_KN/m2 = SOIL INVESTIGATION SHOULD BE CHECK |
THIS VALUE - OTHERWISE FOOTINGS SHOULD BE RE - DEIGN
Minimum footings depth should be 4.20m below

natural ground level.

Soil lab technicians should be informed after finishing
the excavations to confirm what has been stated in the
soil test report.

Contractor should take into consideration the
recommendations stated in the soil report concerning
the foundations depth .

STEEL CONNECTIONS

0,0:

The Yield strength of steel not less than :
240 MPa

STEEL COLUMN

|—o0.2000—}

_l_ IPE20
0.2000
o e
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160—p—
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. < Sulphate resistant portland cement type (V) shall be used for all
not shown on the Structural drawings. For required f A
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AGGREGATES
1— All reinforcing bars of o diameter larger than 8 Moximum aggregate size shall be 20 mm. puriin
millimeters shall be deformed high strength steel Sanserur
bors of Characteristic Strength  equal  to: FOUNDATIONS .
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Structural engineers began to design more
and more standard-size offerings to meet
demand and soon pre-fabrication was no
longer possible. At this time, still well before
the computer age, the process came to be
known as the “pre-engineered” metal
buildings industry. Today, the metal building
industry boasts a capability of producing
buildings for virtually any low-rise, non-
residential end use. These building designs
are performed quickly by industry engineers,
who have vast knowledge of the building
codes utilized in the United States. The
custom design practice allows for economy in
building design that makes metal buildings
very attractive to the marketplace.
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