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Foreword

This Publication has been funded and prepared jointly by the Steel Construction
Institute (SCI), Ove Arup & Partners, the Building Research Establishment (BRE) and
the Department of the Environment (DOE), to promote and assist the use of British
Standard DD ENV 1993-1-1: 1992, Eurocode 3: Design of steel structures® Part 1.1
General rules and rules for buildings (together with United Kingdom National Application
Document).

The worked examples have been prepared in accordance with Eurocode 3 and make use
of design aids contained in C-EC3: Concise Eurocode 3 for the design of steel buildings in
the United Kingdom, published by the SCI.

Attention is drawn to Approved Document A (Structure) in support of The Building
Regulations 1991, which states that Eurocode 3, together with the National Application
Document, provides appropriate guidance for the design of steel buildings in the United
Kingdom.

Technical enquiries should be addressed to either the Building Research Establishment
or the Steel Construction Institute.

* A DD ENV is a British Standard implementation of the English-language version of a
European Pre-Standard (ENV), published as a Draft for Development (DD).
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Introduction

This book provides engineers and students with a set of examples that meet
the requirements of British Standard DD ENV 1993-1-1: 1992, Eurocode 3:
Design of steel structures Part 1.1 General rules and rules for buildings
(together with United Kingdom National Application Document)?.

The examples include a 5-storey steel-framed building and five other steel
structures. Each example has been prepared to give a detailed indication of the
process of designing steel structures to Eurocode 3, including all the checks

required by the Eurocode and the UK National Application Document (NAD).

Supplementing DD ENV 1993-1-1: 1992, the Steel Construction Institute has
produced C-EC3, a concise version of Eurocode 3: Part 1.1 in a form familiar
to engineers in the United Kingdom?. Where appropriate, the use of this
concise document is highlighted.

Marginal notes show the appropriate reference in either Eurocode 3: Part 1.1,
the UK National Application Document, the concise document or the British
Standards. They are given as follows:

Eurocode 3: Part 1.1
Clauses

Tables

Figures

Equations

National Application Document
Clauses
Tables

Concise document (C-EC3)
Clauses
Tables

British Standards

Generally, the solutions presented in this publication are aimed at illustrating
the economic design of steel. However, it must be emphasised that the
examples have been chosen to demonstrate specific requirements in
Eurocode 3 and the NAD. Consequently, alternative solutions may exist
which more closely reflect standard fabrication practice, and which provide
greater overall economy.

All the examples have been prepared on the basis of the product standards
for steel material current at the time the work was done; for example British
Standard BS EN 10025:19903 generally, but British Standard BS 4360:19904
for hollow sections, ie Fe 430 for a UB but grade 43 for a CHS.

Since then, British Standard BS EN 10025:1993 has been issued and British
Standard BS EN 10210 is expected to be issued soon. In these two Standards
the equivalent grade to Fe 430 and 43 has become S275 in both cases.

It should be noted that the axis notation used in Eurocode 3: Part 1.1 differs
from that used in the UK. The y-y axis is the major axis and the z-z axis is the
minor axis (see Figure 1.1 in the Eurocode). Extreme care should

be taken when conducting designs to Eurocode 3: Part 1.1 and when using
existing published section data.

References

2222

Table 2.2
Figure 5.3.2
Equation 2.11

NAD 6.1
NAD Table 1

C-EC36.5.3
C-EC3 Table 6.5

BS 3573: Part 3: 1983
Clause 3.1.4

Figure 1.1



Tabulated section data, conforming to the new axis notation and introducing
properties specific to Eurocode 3: Part 1.1, can be found in section tables®.

It should also be noted that in Eurocode 3: Part 1.1 the throat thickness is
used to specify a fillet weld, rather than the leg length.

The best way to familiarise oneself with the Eurocode is to use it in actual
design, and the authors hope that with the aid of these examples engineers
will soon gain the experience to design economic structures to the Eurocode.

Users of DD ENV 1993-1-1: 1992 are invited to comment on its technical
content, ease of use, and any ambiguities or anomalies. These comments will
be taken into account during preparation of the UK national response to the
European Committee for Standardization (CEN) on the question of whether
the ENV (Pre-Standard) can be converted to an EN (full Standard).

Comments should be sent in writing to the British Standards Institution,
2 Park Street, London W1A 2BS, quoting the document reference, the
relevant clause and, where possible, a proposed revision.
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Example 1
Design of a S-storey braced frame-

1.1 Frame geometry

This chapter covers the design of a 5-storey braced steel-framed building. In
particular, it gives detailed designs for the primary and secondary floor
beams, a transfer plate girder carrying column loads, an internal column, and
a number of different connection types.

The geometry of the building reflects modern composite construction
practice. However, the benefits of composite action have been neglected.
Composite design is dealt with separately in Eurocode 49, scheduled for
publication in 1994.

Figure 1 shows details of the 5-storey building, representing a small, 4-storey
office development constructed over a showroom.

Roof
AT T T 1] T T T m !
c2 ct ||ct Co2 4000
B2 4th floor
Y
g1/
c2 C1 cl1. C2 4000
Splice in internal
I 3rd fl
_ B2 _ H _:_-IS%%UTH i 3rd floor
c2 g1 c2
C1 C1 4000
Splice in external
H | 1 2nd fl
500 C3 . B2 i _ lCO umn c3 Ynd oor
4000
c3 C1 C1 c3
1st floor
i & LY EY LY L) '
g1/ Plate girder B4 2000
5000
C3 C3
Top of foundation
A JL§ R N
7500 2500 7500

Figure 1 Typical cross-section (dimensions in mm)
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Figure 2 shows a typical part plan. Details of the construction are as follows:

Construction
Flat roof Asphalt on 130 mm lightweight concrete on
profiled metal decking
Floors (office use) Raised floor on 130 mm lightweight concrete on
profiled metal decking
External walls Proprietary cladding
Fire protection 4-hour fire rating between ground floor and 1st floor
2-hour fire rating between 1st floor and roof
Bracing The building is braced against side-sway
7500 2500 7500
T T T T
Cc2 B2 C1 C1 B2 c2
B1 B1 B1 B1
7500
c2 B2 C1 C1 B2 Cc2

Figure 2 Typical part plan (dimensions in mm)

Design assumptions

In conformity with typical multi-storey steel-frame construction in the UK, it
is assumed that resistance to lateral wind loads is provided by a system of
localised cross-bracing, and that the main steel frame is designed to support
gravity loads only.

The connections are designed to transmit vertical shear, and to be capable 2.1(2)
of transferring a horizontal tying force to preserve the integrity of the
structure in the event of accidental damage. It is also assumed that the
connections offer little, if any, resistance to free rotation of the beam ends.

With these assumptions, the frame is classified as ‘simple’, and the 5222
internal forces and moments are determined using a global analysis which
assumes the members to be effectively pin-connected.

Until publication of the loading Eurocode, all loading should be assessed NAD 4
using the loading codes shown in the NAD.

Suitable methods for designing columns in simple framed structures are given
in Annex B of the NAD. NAD 6.1.3 b)
NAD Annex B




1.2 Loading

Permanent actions
The weights of building materials are given in British Standard
BS 648: 1964 Schedule of weights of building materials’.

Typical floor
Raised floor (manufacturer’s literature)
130 mm lightweight concrete on profiled metal decking
Steelwork and fire protection
Services
Ceiling
. characteristic permanent action, G, | =

Roof

Paving and insulation

Asphalt

130 mm lightweight concrete on profiled metal decking
Steelwork and fire protection

Services

Ceiling

- characteristic permanent action, G, , =

Cladding
Proprietary cladding
- characteristic permanent action, G, ;=

Variable actions
Variable actions for buildings are given in the following British
Standards:

kN/m?2
02
2.5
0.5
0.3
02
3.7

1.0
0.5
2.5
0.5
0.3
02
50

0.8
08

® BS 6399: Loading for buildings®. Part 1: 1984. Code of practice for dead
and imposed loads. Part 3: 1988. Code of practice for imposed roof loads

® CP 3: Code of basic data for the design of buildings. Chapter V: Loading.

Part 2: 1972: Wind loads?

Floor loads?
Imposed load (client’s brief)
(BS 6399: Part 1 requires 2.5 kN/m? for offices?)

Allowance for metal partitions not shown on plans
.. characteristic imposed floor load, Q, | =

Roof loads®

Imposed load for roof with access

(This is significantly greater than snow load
which need not, therefore, be considered)
.. characteristic imposed roof load, Q,, =

Wind loads®
From British Standard CP 3, dynamic wind pressure, q =

Characteristic dynamic wind pressure, Q. = 09x0.76

kN/m?
4.0

10

5.0

15

0.76

0.68

References
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NAD 4
BS 648: 1964

NAD 4

BS 6399: Part 1: 1984

CP 3: Chapter V
Part 2: 1972

BS 6399: Part 1: 1984

BS 6399: Part 3: 1988

CP 3: Chapter V
Part 2: 1972

NAD 4



British Standard CP 3: Chapter V: Part 2°, Table 10 gives the following
force coefficients, C;, for a building with I/'w = 3.0 and, height/breadth = 1.2:

Transverse wind 12

Longitudinal wind 0.75

Ultimate limit states
The partial safety factors for ultimate limit states are:
Permanent actions

Yosup = 1.35for unfavourable effects

Variable actions
Yosup = 1.5 for unfavourable effects

This structure is classified as a simple frame, and therefore pattern loading of
imposed loads need not be considered.

Serviceability limit states
For deflection calculations the rare combination is used, so in this case the
design loads for the serviceability limit state are equal to the specified loads.

References

CP 3: Chapter V
Part 2: 1972

Table 2.2
NAD Table 1

Table 2.2
NAD Table 1

NAD Annex B.2




1.3 Fully restrained beam (B1)

The secondary beam (B1) shown in Figure 3 is simply supported at both ends
and is fully restrained along its length.

For the loading shown, design the beam in grade Fe 430 steel, assuming that it
is carrying plaster or a similar brittle finish.

/ 31.2 kN/m

L 7500 mm |

Figure 3 Fully restrained beam

References

1.3.1 Loading

Characteristic values
Variable action Q, 5.0 x2.5 kN/m
Permanent action G, = 3.7x2.5kN/m

12.5 kN/m
9.25 kN/m

The permanent action includes an allowance for the weight of the beam and casing.

Partial safety factors NAD Table 1

Variable actionyq,,, = 15

Permanent action 5, = 1.35
1.3.2 Design values

Fo = Youp Ox+ Yosup Qi Table 2.1

= 135x925+15%x125 = 31.2kN/m
Design moment
F,L? 312 x7.522

M = s = § = 219kNm
Design shear force

v F,L 312x7.52 117 kN

2 B 2 -

To determine the section size, assume that the flange thickness is less than 40 mm Table 3.1
so that the design strength is 275 N/mm?, and that the section is class 1 or 2.

My, £ Mgy 5451

whence, for class 2 section,

Mc.Rd = Mpliy.Rd

= Wp /fy/yMO
Wpfrequired = MSd YMO/fy

(219 x 10° x 1.05)/275 = 836 cm?
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Try a 406 x 140 x 46 UB 5451

Section properties

Depth h = 4023 mm

Width b = 1424mm

Web thickness t, = 69mm

Flange thickness ty = 11.2mm

Depth between fillets d = 359.7mm

Plastic modulus W,, = 888cm’

This notation conforms with Figure 1.1 in Eurocode 3: Part 1.1.

1.3.3 Classification of cross-section 53

As a simply supported beam is not required to have any plastic rotation

capacity (only one hinge required), it is sufficient to ensure that the section is

at least class 2 to develop the plastic moment resistance. 53.2and
Table 5.3.1

Figure 4 shows a typical cross-section for a universal beam.

Figure 4 Typical cross-section

Flange buckling, c¢/t; < 1le
where c¢ = half the width of the flange

t; is the flange thickness
(if the flange is tapered, t; should be taken as the average thickness)

e = V(35/,) = V(235275) = 0924
For this section the limitis11e = 11x0924 = 10.2
1424
It = = 6.
o= g - 80

Web buckling, dt, < 83e = 8 x0924 = 767

w

where d is the depth between root radii
t, is the web thickness
de, = 3597/69 = 3521

w

cty, < 1leandd/t, < 8¢

section is at least class 2.

Table 5.3.1 (Sheet 3)

Table 5.3.1 (Sheet 3)

Table 5.3.1 (Sheet 1)




1.3.4 Deflection check

Eurocode 3 requires that the deflections of the beam be checked under the
following serviceability loading conditions:

® Variable actions, and
® Permanent and variable actions.

Figure S shows the vertical deflections to be considered.

91
1 8
A
\
: 82 8max
Y Y
L

Figure 5 Vertical deflections

8, s the precamber

e is the deflection due to permanent action
5, is the deflection caused by variable actions, and
8, is the total deflection caused by permanent and variable actions less

any precamber.

For a plaster or similar brittle finish, the deflection limits are L/250 for §,_,,
and L/350 for §,. Deflection checks are based on the serviceability loading.

For a uniform load

5 i Fk L’
384 “ EI,
where F, isthetotalload = Qg or(G,+Q,)asappropriate

L  isthespan
E is the modulus of elasticity (210 000 N/mm?)

I, is the second moment of area about the major axis (y-y)

For unit load of 1 kN/m

5 103 x 7.5 x 75003
o X
384 " 210000 x 15 600 x 104

8 =

= 13mm

The calculated deflections shown in Table 1 are less than the limits, so no pre-camber
is required. It should be noted that if the structure is open to the public, there is a limit
of 28 mm for the total deflection of §, + 8, (neglecting any precamber) under the
frequent combination, to control vibration. For the frequent combination the variable
action is multiplied by y, which has a value of 0.6 for offices.

Table 1 Calculated and limiting deflections

Calculated deflection Deflection limit
(mm) (mm)
8, permanent action 13 x 93 = 121
&8, variable action 1.3 x 125 = 16.3 L/350 = 214
8 = 284 L2250 = 300

max

References
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Table 4.1
Figure 4.1

325

432 (2)

2.3.4(2)




1.3.5 Shear on web

The shear resistance of the web must be checked.

VSd < Vp/:Rd

The design plastic shear resistance of the web is given by:
£,A3

A\
p4Rd
Ymo

For rolled I and H sections loaded parallel to the web,

sheararea A, = 1.04ht
and the partial safety factory,,, = 1.05

v 104 ht,f,
Z =
PARET By

v 1.04 x 4023 % 6.9 x 275
p/Rd — V3 x1.05 x 103

= 437kN

This is greater than the shear on the section (117 kN).

As this beam has partial depth end-plates, a local shear check is required on
the web of the beam where it is welded to the end-plate.
N3

Vp/fRd Yo
where A, t, d

d

depth of end-plate = 250 mm (see also Figure 18 in Section 1.9.2)

v 6.9 x250x 275 260.8 kKN
PRE T 3105 %103 '

This is greater than the shear on the section (117 kN).

A further check is sometimes required, especially when there are significant
point loads, cantilevers or continuity, to ensure that the shear will not have a
significant effect on the moment resistance. This check is carried out for the
moment and shear at the same point. The moment resistance of the web is
reduced if the shear is greater than 50% of the shear resistance of the section.
With a uniform load, the maximum moment and shear are not coincident and
this check is not required for beams without web openings.

References

54.6

5.4.6 (4)

NAD Table 1

54.7.3

1.3.6 Additional checks if section is on seating cleats (etc)

In this example the beam has partial depth end-plates. There are, however,
cases where the beams may be supported on seating cleats, or on other
materials such as concrete pads. A similar situation arises when a beam
supports a concentrated load applied through the flange. In these cases, make
the following checks:

® Crushing of the web

® Crippling of the web

® Buckling of the web

10

57.3
5.7.4
575



The following detailed checks are for a 75 mm stiff bearing.

Crushing resistance
The crushing resistance is given by:
R - (s +s,)t,f
yRd =
v
where s, is the length of the stiff bearing (75 mm)
t, isthe web thickness
f_, is the yield strength of the web
Yumi 1S the material partial safety factor (1.05)

s, 1s the length over which the effect takes place, based on the
section geometry and the longitudinal stress in the flange

s, = 2t(bdt,)% (Feff )% [1- (07l )]

At the support, the stress in the beam flange, 6, is zero, f , =f_, but the
value of s is halved

11.2 x (142.4/6.9)05
S = 2x

o > = S51mm

. . (75 +51) x 6.9x 275
crushing resistance = = 227.7kN
1.05 % 103

This is greater than the reaction (117 kN).

Crippling resistance
The crippling resistance is given by:

0.5t 2 (Ef,)% [(tyt,)% +3(t /1y (s/d)]
Tmi

Rira =

s, is limited to a maximum of 0.2 d (402.3 x 0.2 mm = 80 mm)

R, = 05x692(210000 x 275)°5 [(11.2/6.9)5
+3(6.9/11.2)(75/359.5)]/(1.05 x 10%)

286 kN

This is greater than the reaction (117 kN).

Buckling resistance
The buckling resistance is determined by taking a length of web as a strut.
The length of web is taken from Eurocode 3 which, in this case, gives a length:

S
beff = 05 (h2 +552)0‘5 +a +55 but < (hz +ssz)05
where a = 0
75
by = 05(40237+757P5+> = 242mm

Provided that the construction is such that the top flange is held by a slab and
the bottom by seating cleats, against rotation and displacement, the effective
height of the web for buckling should be taken as 0.7 x distance between fillets.

/ = 3597 x07mm = 252mm

References
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NAD Table 1

5.7.3(1)

5.7.3(3)

5.7.4 (1)

5.7.4 (1)

575

Figure 5.7.3

5515
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Radius of gyration for web

References

i = dv12 = 029d
Slend A o= /i o= 22 = 126

enderness = = 029% 69 =

A= MBS 551.2
where A, = 939e = 939x0924 = 8638

A = 126/868 = 145

Using buckling curve ¢ and B, = 1.0, the value of x may be determined from
Table 5.5.2 5.7.5(3)

x = 033
Buckli st N 0.33x275x242%x 6.9 144 kN

uckling resistance N, = 105 % 103 =
This is greater than the reaction (117 kN),

satisfactory.

1.3.7 Summary
The trial section 406 x 140 x 46 UB is satisfactory if the section is on a stiff
bearing 75 mm long. If it is supported by web cleats or welded end-plates, the web
checks, except for shear, are not required and the section is again satisfactory.
1.3.8 Design procedure using the concise document (C-EC3)’
This beam can also be designed using the concise version of Eurocode 3.
The procedure is similar to that given in the Eurocode itself, except for the
following checks, in which a simpler procedure is used.
Web buckling resistance . C-EC35.7.5

The procedure for determining buckling resistance has been simplified by
using a buckling strength, f_, based on A and not A.

» Lo

Nprs = BafcAng
where A = t, by
t, = 69mm
by = 242mm
Pa =1
Y = 1.05
A o= 127
VBOA = 127

12

C-EC35.4.3.2(1)

C-EC35.7.5(3)
NAD Table 1



Using buckling curve c:

f. = 90N/mm?

<

1.0 x90x 6.9x 242

- = 143kN
Nora 1.05 x 103

This is greater than the reaction (117 kN),

satisfactory.

References

C-EC35.7.5 (3)
C-EC3 Table 5.14 (a)
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1.4 Beam restrained at load points (B2)
The primary beam shown in Figure 6 is laterally restrained at the ends and at
the points of application of the load. For the loading shown, design the beam

in grade Fe 430 steel.
234 kN 234 kN
/Own weight 17 kN
b c
d

2500 | t 2500 0

7500

Figure 6 Beam B2 restrained at load points (dimensions in mm)

References

1.4.1 Loading

Characteristic values

The point loads are taken as the end reactions from beams B1 (see Section 1.3).

Variable action at point load Q, = 50x25x75
= O94kN

Permanent action at pointload G,;, = 3.7 x25x75
= 69kN

For self-weight of beam B2 and casing, allow G, = 125kN

Partial safety factors
Variable action Yoswp = 19

Permanent action Yosup = 135

NAD Table 1

1.4.2 Design values
Point loads
The design value per point load is:

I::d = YG.sup Gk.l +YQ.sup Qk.l
F, = 135x69+15x 94
234 kN

Self-weight
The self-weight of the beam and casing are assumed to be uniformly
distributed along the full length of the beam.

F, = 125x135
= 17kN

Reactions
Vg = Fy+FuR2
Vg, (atsupports) = 234+17/2 = 2425kN

14

Table 2.1



Design moment
Figure 7 shows the distribution of bending moments.

Load points

L

Maximum moment = 601 kN

Figure 7 Bending moment diagram

Moment at mid-span (maximum)

Mg, = 234x25+17 x7.5/8 601 kNm

Moment at load point

My = 2425 x25+17/15 %252 = 599 kNm

References

1.4.3 Initial section selection

Assume that a rolled universal beam will be used and that the flanges will

be less than 40 mm thick. For grade Fe 430 steel, £, =275 N/mm?. Because the
beam is unrestrained between the point loads, the design resistance (M g,) of
the section will be reduced by lateral torsional buckling. The final section,
allowing for the buckling resistance moment being less than the full resistance
moment of the section, would have to be determined from experience. In this
example, the bending strength (f, ) can be assumed to be about 240 N/mm?, for
preliminary sizing.

The plastic modulus required, W, = 605x10/240 = 2520 cm?

Two sections, both of the same weight per metre, have the required plastic
modulus. They are:
(@) 533x210x101UB, W ,

(b) 610x229x 101 UB, W

2620 cm?3
2880 ¢cm3

Section (b) is appropriate if there is plenty of headroom, because of the
increased stiffness. It is assumed for this example that depth is limited, and a
533 x 210 x 101 UB will be tried.

Table 3.1

1.4.4 Design buckling resistance moment

The design buckling resistance moment of a laterally unrestrained beam is
given by the following equation:

Myra = Xur Bw Wp/.'y fy/YMl
in which y, 1 is the reduction factor for lateral-torsional buckling, from Table 5.5.2,

for the appropriate value of the non-dimensional slenderness XLT, using curve a
for a rolled section.

552

Table 5.5.2

15



In this example, full lateral restraint is provided at the support and at the load
points b and c. In general, all segments need to be checked, but in this case
they are all of equal length. The central segment b-c is subject to uniform
moment, which is the most severe condition, so only b-c is checked.

Segment b-c
The value of A,  can be determined using Annex F.

For segment b-c it is assumed that the secondary beams at b and ¢ provide the
following conditions:

@ restraint against lateral movement,
@ restraint against rotation about the longitudinal axis, and

® freedom to rotate in plan.

ie k = k, = 10

W

The following formula for A, may be used:

| I/

(Lia, )2 }0.25
0.5 -_
€) [“ 25.66

where L is the length between b and ¢

7\‘LT =

I, is the second moment of area about the z-z axis = 2690 cm*
I, is the warping constant = 1.82dm?
W, s the plastic modulus about the y-y axis = 2620cm3
I is the torsion constant = 102 cm*

t

C, isthe correction factor for the effects of any change of
moment along the length L

Between the points b and ¢ the moment is approximately constant, therefore
C, may be taken as 1.0.

ar = (/)%

= (1.82 x106/102)05 = 1336cm
i, = (IZI“/WPKYZ)O'ZS
= (2690 x 1.82x 106/26202)025 = 5.17cm

Note As an alternative to these calculations, the values of i, r and a, ; can be
obtained from section tables 3.

hr = [ L (2255(())//153'13?6) 2}0-25 = 468
25.66
The non-dimensional slenderness is given by:
XLT = (A/A) (BW*
where A, = 939¢
= 93.9xV(235/275) = 86.8
Bw = 1forclass1 or class 2 cross-sections
A = 468/868 = 0.54

16

References

Annex F

Equation F.15

F22(2)

F2.2(1)

F.2.2(3)
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For rolled I sections, buckling curve a should be used.
xr = 0911

The design buckling resistance moment for segment b-c is:
Myra = Xr Bw Wostia

0.9106 x 1.0 x 2620 x 275/1.05/103

625 kNm

This is greater than the design moment (601 kNm) between b and ¢

satisfactory.

References

Table 5.5.2

55.2(1)

1.4.5 Shear on web

In all cases where there are point loads on members it is prudent to check for
the effects of shear. The following check should be carried out:

Shear at point loads, Vo, = 2425-17/75x25 = 237kN

The design shear resistance for a rolled I section is:

1.04ht, (f N3)

- wry 7

A\
p/Rd
Ymo

v 1.04 x 536.7 x 10.9 x 275/V3 990 kN
PR 1.05 x 103 -

VE/iRd
2

to shear in the web is necessary.

Inspection shows that V¢, < so no reduction in moment resistance due

Bearing, buckling and crushing of the web

If the beam is supported on seating cleats, the checks for web bearing,
buckling and crushing given in Section 1.3.6 must be made. To satisfy the
assumptions made in the design, both flanges must be held in place laterally,
relative to each other. If seating cleats are used then the top flange must be
held laterally. There is no requirement to prevent the flanges from rotating in
plan, as k has been taken as 1.0.

546

54.7 (1)

1.4.6 Deflection check

In this case self-weight deflection is small and may be neglected. The point-
load deflection can be considered by calculating the deflection from unit loads
and then multiplying by the applied loads. Note that the serviceability loads
are used for deflection checks.

For two point loads on a beam the maximum deflection is given by:
F.a

— —e 2 2
& = MEI, (3L2-42a?)

where F, is the value of one point load
L isthe span

a is the distance from the support to the adjacent point load

17



For this beam the unit load deflection is:

12500 (3 xTS002 =4 2500)
= 24x210000% 61 700 x10¢  _oooxiuTmm

9, for variable actions = 1.156 x10+# x 94 x 103 10.9 mm

9, for permanent actions = 1.156 x10#x69x 103> = 80mm

18.9 mm

The limits based on the span are the same as for the fully restrained beam in
Section 1.3:
6 - 30mm

21.4 mm

8,

Both are greater than the sum of the deflections, so the Eurocode
recommendations are satisfied.

satisfactory.

References

422

1.4.7 Design procedure using the concise document (C-EC3)’
This example can also be designed using the concise version of Eurocode 3.
The procedure is similar to that given in the Eurocode itself, except for the
following specific checks in which a simpler procedure is used.

Design buckling resistance moment
The procedure in Eurocode 3 for determining the buckling resistance moment
has been simplified by calculating the bending strength, f,, using the modified

equivalent slenderness A ;VB,, and then M, using:

Myra = Bwly Won/ Y
Bw

1.0 for class 1 and class 2 sections

il

Segment b—c

k = 1.0 (supports and restraint points free to rotate on plan)
&C)» = 10

From section tables 2:

Iy = 517cm
ar = 134cm
L = 250cm
LA+
= 0.5
)\‘LT - (k/Cl) I:l . (L/aLT) Zjll),ZS
25.66
N 1x250/5.17
LT [ 1 (250/13»4)2]0'25
T 2566
= 468

MrVBy = 468xV10 = 468

18
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C-EC35.55(7)

C-EC3 Table 5.21

C-EC3 Table 5.22
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f, = 250 N/mm?
M 1.0 x 250 x 2620
bRd 1.05 x 103
= 623.8kNm

This is greater than the design moment (601 kNm) between b and c,

satisfactory.

References

C-EC3 Table 5.18 (a)
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1.5 Unrestrained beam (B3)

This example has been prepared to show the method of checking a beam
which is unrestrained between supports but carries a uniformly distributed
load on the top flange, for example a beam supporting a wall only.

References

1.5.1 Loading

Characteristic values
It is assumed that all the load is permanent.

Permanent action G, = 14.5kN/m
(including self-weight)

Partial safety factors

Permanent action vyg,,, = 135 NAD Table 1
1.5.2 Design values
Fd = YG,sup Gk
= 135x14.5
= 19.6kN/m
Design moment
Maximum moment occurs at mid-span.
19.6 x 7.52
My = F,L8 = s = 138kNm
Design shear
Maximum shear occurs at the support.
Vg = 196x752 = 735kN
It is necessary to use iteration to determine the section required. An
approximate final size of member can be found from tables.
1.5.3 Design buckling resistance moment F.2.2(8)

Try a 457 x 191 x 67 UB

Checking the resistance of this section follows the basic method shown in
Section 1.4, but because the loading is applied to the top flange it will have a
destabilising effect. This means that in determining A, . account must be taken
of the terms which include z,. For a rolled I or H section:

k Lfi

e = kv 1 (kLAY (2C,z, [ 2C,z,|%
(C1)0‘5 =\ L= LT + 2%y _ 2%g
k, ) 20| b, h, h,

where ks the effective length factor for rotational restraint in plan
(1.0 in this case)

L is the length of the member = 7500 mm
iipistakenas (I,I,/W ,2)0 = 46.7mm

I, is the second moment of area about the z-z axis

I, is the warping constant

20
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References
W, is the plastic modulus about the y-y axis

C, is a factor that varies with moment gradient and end conditions - TableF.1.2

k,, is the corrective length factor for warping, taken as 1.0 unless
special provision is made to prevent warping

C, is a factor .fdr the destabilising term which varies with the Table F.1.2
moment gradient and end conditions

z, is the vertical distance of the load above the shear centre,
which is negative if the load is below the shear centre

h, is the distance between the shear centres of the flanges

Note The values of i or L, I, and W , can be determined from section tables®.

N ~ 7500/46.7

B i [ (LY, L (17500467} (2x0459 x2268 V|05 2x 0459 x2268]05

' (1) Y20 | 43627 )t 440.9 N 4409
= 124

A = 124/868 = 1.43 5.5.2(5)
From this, ¥, = 040 Table 5.5.2
Buckling resistance moment Mypy = X1 BW 4 /Y

= 04 x1x1470% 2751.05/10° = 154kNm

154 kNm > 138 kNm
satisfactory.

The remainder of the checks given in Section 1.4 should be made for this
beam, depending on the support conditions. Note that both flanges must be
held in place laterally, at the supports, to meet the design assumptions.

1.5.4 Design procedure using the concise document (C-EC3)’
For the particular case of beams with unrestrained compression flanges
subjected to destabilising loads, the procedure in C-EC3 for determining the
buckling resistance moment is no different from that given above.
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1.6 Plate girder (B4)

The transfer beam (B4) shown in Figure 8 is 17.5 m long and carries the load
from two columns together with the load from six secondary beams (B1) at
first-floor level. It can be shown by a simple calculation (as in C-EC3?) that
the spacing of the secondary beams is such that for a flange width of 700 mm
the plate girder will not suffer from lateral torsional buckling. For the loading
shown, design a stiffened plate girder in grade Fe 430 steel.

_ 7500 .. 2500 7500 )
‘Jr"cs Mot e 03‘+’
I I I
Six secondary beams at 2500-mm centres
- 17 500 e

Figure 8 Transfer beam B4 (dimensions in mm)

References

1.6.1 Loading

The recommendations given in British Standard BS 6399: Part 18 are used

to determine the load on the transfer beam. Columns at points b and ¢
support the load from a roof and three floors (see Figure 1). Therefore the
imposed loads carried by the columns can be reduced by 30%. An area
reduction on the imposed load on the floor supported by the transfer beam
may also be made. The area supported by this beam is approximately 130 m?,
giving a reduction of 13%.

Table 2 shows the variable and permanent actions carried by column C1 at
the roof and each floor level.

Table 2 Loading for column C1 (kN)

Variable Sub- Cumulative Permanent Sub- Cumulative
Beam actions totals totals actions totals totals
1 28.1 93.8
2 14.1 47.1
3 14.1 47.1
4 0 56.3 0 188.0
1 94.0 76.0
2 46.9 4.7
3 46.9 34.7
4 0 187.8 0 145.4
244.1 3334
3rd floor 187.8 1454
as 4th floor 431.9 478.8
2nd floor 187.8 1454
as 4th floor 619.7 624.2
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References
Characteristic values

Columns a, b and ¢

Loads at roof level

from Table 2

Variable action = 563kN
Permanent action = 188 kN
Loads at floor level

from Table 2

Variable action = 187.8kN
Permanent action = 1454 kN

Total point load at b and c
Variable action = 563+3x1878 = 619kN

Permanent action = 188+3 x145.4 624.2 kN

Secondary beams (B2)
The point loads are taken as the end reactions from beams B1 (see Section 1.3).

Variable action = 94 kN
Permanent action = 69 kN
Partial safety factors

Variable action = 15

Permanent action = 1.35 NAD Table 1

23



1.6.2 Design valuess

The variable action carried by the columns at points b and c can be
reduced by 30%.

F, = 135x6242+1.5x0.7%x6198 = 1493.5kN

Secondary beams
Variable action carried by the secondary beams can be reduced by 13%.

F, = 135x69+15x 0.87x9% = 216kN

Figure 9 shows the design values for actions, shear forces and bending moments.

17095 1709.5
216 216 216 216

P !

ah b c Ad

2212.5 2212.5
| 17 500 mm N

(a) Actions (kN)

22125 21975  geo s

1735.5

-2212.5
(b) Shear forces (kN)

10 421

(¢) Bending moments (kNm)

Figure 9 Actions, shear forces and bending moments. { Allowance for self-weight = 142 kN)

References

BS 6399: Part 1: 1984

BS 6399: Part 1: 1984
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1.6.3 Moment resistance of the section ignoring the web

For the interaction of moment and shear, three different approaches
are available.

® As a simplification, Eurocode 3 permits the designer to assume that all
the moment is resisted by the flanges alone and the web is checked for
shear only.

® The moment is resisted by the full cross-section, and the web is
designed for the resulting longitudinal stresses combined with shear. The
design equations are given in clause 5.6.7.2 of Eurocode 3: Part 1.1.

® Part of the moment is resisted by the full cross-section and the remainder
by the flanges alone.

The simplified (first) method will be used in this example.
Mira = Arhf /vy

Using this expression and assuming that the web is 2 m deep and the flange is
40 mm thick, the flange area required is:

Ay Migq YMO/(hsfy)

14752 x 106 x 1.05
2040 x 275

27 611 mm?

Flange width,b = 693 mm
use 700 x 40 flange plates.

Figure 10 shows the section of the plate girder

700

2000

f

o
<

Figure 10 Section of plate girder (dimensions in mm)

References

5.6.7.1

56.7.3

56.7.2
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1.6.4 Classification of the cross-section

Flange

The flanges are designed assuming that their plastic resistance will be
reached. The flanges must, therefore, be at least class 2.

For t; = 40mm, f, = 275N/mm?
235
€ = (275 ) = 0924
700
Outstand ¢ = 7 = 350 mm
/t = 350 = 875
ct; = 0 - &

The class 2 limiting value c/t; for the outstand of a welded section is 10 ¢,

= 92
875 < 92

class 2 flange.

References
53

Table 5.1

Table 5.3.1 (Sheet 3)

1.6.5 Web design

The determination of the web thickness has to be by experience, with a
certain amount of trial and error. In this example a 13 mm plate is tried. This
thickness is not common, but can be obtained from the mills and has been '
selected to illustrate design points associated with Eurocode 3.

dt, = 2000/13.0 = 154

w

Asd/t,, > 69 € the web must be checked for shear buckling.

Shear buckling resistance of web

Webs with intermediate stiffeners may be designed according to clause
5.6.3 or clause 5.6.4 of Eurocode 3: Part 1.1. The former method (the simple
post-critical method) is used in this example.

Assume the stiffener spacing shown in Figure 11.

Stiffener \
L

Plate
2000

a e f b c s h d
Stiffener groups at 2500-mm centres

Figure 11 Stiffener spacing (dimensions in mm})
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The design shear buckling resistance is given by:
Viara = Aty T,/
where d is the depth of the web
t, isthe thickness of the web

W

Ty, 18 the simple post-critical shear strength

Ty, 1S based on the slenderness ratio, A, of the web.

- dt,
hy = oo
v 374x exk,
235 0.5
€ = (275 ) = 0924

k_ is the buckling factor for shear.

In this example, a/d = 1.25, therefore (see Figure 10) :

4
k, = 534+ (ald)? = 53+ 79
= 2000/13
}\' = = 1.59
v 37.4% 0.924 x 7.9
As L, is greater than 1.2:
T = (09 1) (f,,N3)
Ta = (0.9/1.59) 275N3) = 90 N/mm?
2000 x 13 x 90
———— = 2228kN

baRE T 105 % 103
This is greater than the applied shear (2212.5 kN),

satisfactory.

References

5.6.3(1)

5.6.3(2)

5.6.3 (3)

5.6.3(2) c)

5.6.3.1

1.6.6 Deflection check

For the case of two loads placed symmetrically on the span, the maximum

deflection at the centre is given by:

Pa
- —2 2 2
S 24EI(3L 4 a?)

In this case, the deflection may be obtained by using this formula three times

for pairs of point loads. This gives the following expression:
d = [F,; x7500 (3 x17 5002 -4 x 75002)
+F, x2500 (3 x 17 5002 - 4 x 25002)
+F; x5000 (3 x 17 5002 — 4 x 50002)]/24 E 1
+F /%17 5003/(384 E 1)
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For permanent actions:
8, = [693200 x 7500 (3 x 17 5002 — 4 x 75002)
+ 69000 x 2500 (3 x 17 5002 — 4 x 25002)
+ 69000 x 5000 (3 x 17 5002 — 4 x 50002)]
/(24 x 210 000 x 6 694 000 x 104) +5 x 8.1
x 17 5003/(384 x 210 000 x 6 694 000 x 10#)
= 12.0mm

For variable actions:
8, = [499100 x 7500 (3 x 17 5002 ~ 4 x 75002)
+ 81 780 x 2500 (3 x 17 5002 —4 x 25002)
+ 81 780 x 5000 (3 x 17 5002 —4 x 50002)]
/(24 x 210 000 x 6 694 000 x 10%)

= 92mm

The limits given in Eurocode 3 for beams supporting columns are 1./400
for §_,, and L/500 for 8,. Table 3 compares the calculated and limiting values.

Table 3 Calculated and limiting values

Calculated Limit
Load (mm) (mm)

Imposed 6, 92 35
Combined &, 212 44

From this table it can be seen that the deflections are well within the
limits set by Eurocode 3.

References

Table 4.1

1.6.7 Design of stiffeners at supports

This stiffener is detailed as a welded end-plate, and so need be checked only
for buckling. The crushing check would be required if the plate girder were
supported on a bracket.

Crushing resistance
This stiffener, together with a portion of the web, should be checked for
crushing.

The design crushing resistance of the web is given by:
Rira = (sy+ $y) ty fn /Y
where A is the area of the stiffener required
s, is the effective length of web

s, is the stiff bearing length (taken as zero for this example)

2]
Il

v 2t;(bt,)% (£4h,, )05 [1 - (0ppa/f)?]%
b, = 700 (ie <25 x 40 = 1000)

n

0 at the support
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S, = 2x40(700/13)05 = 587.0 mm

At the end of a member Sy should be halved
s, = 293.5mm

y

The crushing resistance of the stiffeners must be added.
Crushing resistance of stiffeners = A, £ i

where A, is the area of the stiffener

Design crushing action = 2212.5kN

2212.5x10% = A 275/1.05 +293.5 x 13 x 275/1.05
A, = 4632 mm?

Try end-plate 425 mm x 20 mm

Area = 425x20 = 8500 mm?

Check stiffener for buckling

The effective section of the stiffener is shown in Figure 12. It satisfies
the recommendations in Eurocode 3: Part 1.1.

[ 20
180
13
" R
g 1
20
£ 4

Figure 12 Details of end stiffener (dimensions in mm)
Dimensions and section properties
Effective area, A = 425x20+180 x 13
= 10840 mm?
20 x 4253
12
= 1274 x10° mm*

Second moment of area, I +180/12 x 133

Radius of gyration, i = VIJA) = ~(127.4 x105/10 840)
= 109 mm

Allowing for weld, outstand ¢ = 190 mm

cty = 206/20 = 103

e = V(2351275) = 0924

References

5.7.3 (3)

57.6(1)
Figure 5.7.4

Table 5.3.1 (Sheet 3)
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The class 3 limiting value c/t; for a welded outstand is

l4e = 1294
103 < 1294
class 3 section.

The design buckling resistance of the stiffener is:

References

Nora = XBaAL /v 55.1.1(1)
where B, = 1.0 (the stiffener is class 3)
Ywi = 1.05 NAD Table 1
x  is the reduction factor and is determined from Table 5.5.2 using
buckling curve ¢
A= (ML) B 5512
A = 075di, = 0.75x2000/109 = 1376 57.6(2)
A = 939eg = 939x0924 = 868
AMi, = 13.76/86.8 = 0.159
% = 10 Table 5.5.2
N 10 840 x 275
PRI 1.05% 103
= 2839 kN
N, rq 1S greater than the end reaction (2212.5 kN),
satisfactory.
1.6.8 Intermediate stiffeners subject to external load 56.5
Intermediate stiffeners subject to externally applied loads should be checked
for a stiffener force of:
F, = P+N;
where P is the externally applied load (216 kN)
N, is the compression force in the stiffener resulting from tension
field action
N, = Vg -dt, 1u/Yw
where Vg, is the design value of the shear force at the stiffener
= 2197.5kN
Ty, is the initial shear buckling strength 56.4.1(2)
As A, = 1.59from previous calculations (see page 27),
T = 1/ A2 (E,LN3) 5.6.4.1(2)
1, = (1/1.592) (275N3) = 628
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N, = 2197.5-(2000 x 13 x 62.8/1.05/10%)
= 642kN

F, = 216+642
= 858 kN

Buckling resistance
The effective section of the stiffener is shown in Figure 13 and satisfies the
geometric recommendations in Eurocode 3.

| 180 180

1
’ %43 Y

y?'——u: oz s= 8
4

Figure 13 Details of intermediate stiffener (dimensions in mm)

Dimensions and properties
Effective area A = 2x13x100+2 x13x 180

= 7280 mm?

13 %2133 360 % 133
2 12

10.53 x 105 mm*

Second moment of area Iy =

Radius of gyration i,

VI,/A) = N(10.53 x10%/7280) = 38mm

Section classification
Classity stiffener outstand as a flange.

c/ty - 100/13 = 7.69
e = (2357275) = 0924
Limit for class 3section = 15¢
= 138

class 3 section.

The design buckling resistance of a compression member is:

Nora = X BaA £ i
where B, = 1.0 (the sectionis class1)

1.05

Tmi

x  is the reduction factor and is determined from Table 5.5.2 using

buckling curve ¢

References

Table 5.3.1 (Sheet 3)

55 1.1(1)

NAD Table 1
Table 5.5.2
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A= (MA) B
A o= 075xdi, = 075x200038 = 39
A = 939e = 939x0924 = 867
A = 39/86.7 = 045
Using buckling curve c,
x = 087
0.87 x 7280 x 275
Nopg = o . = 1659kN

1.05 x 103
Ny rq is greater than the stiffener design load (858 kN)
satisfactory.

Stiffener stiffness
The second moment of area of an intermediate transverse stiffener should
satisfy the recommendations given in clause 5.6.5 (3).

ald = 25002000 = 125 ie < V2

I, > 15d3t,’/a?
= 1.5 x2000° x 133/25002
= 422x10mm?*

Second moment of area of stiffener is 10.53 x 10¢ mm*.
10.53 x 106 > 4.22 x 106
satisfactory.

Flange induced buckling
To prevent the possibility of the flange buckling into the web, the web
should satisfy the following requirements:

dt, < k(Eff,)(AJADY

w

where A, is the area of the web

W

A s the area of the compression flange
k = 04 (flange is class 2)

210000 13 0.5
= 0. — X|2 —
dt 0.4 x 275 x( 000 x 700)(40)

= 294
Actuald/t, = 200013 = 154

Actual d/t, for the web is less than the limiting value for flange induced
buckling,

satisfactory.

References

5.7.6 (2)

576(2)
Table 55.2

5.6.5(3)

57.7

5.7.7 (1)
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1.6.9 Integrity

Requirement A3 of the 1991Building Regulations!® must be satisfied. This
states that buildings having five or more storeys shall be constructed so that in
the event of an accident the building will not suffer collapse to an extent
disproportionate to the cause.

Approved Document A !! to the Building Regulations states that one way of
meeting this requirement is to provide effective horizontal and vertical ties, in
accordance with the recommendations given in paragraph 5.1a, Section 5, of
the Approved Document.

That is the approach adopted in this example.
Figure 14 shows the final plate girder.

All intermediate stiffeners
425 x 20 end-plate 2x100x 13

A‘] b c

2500 I 2500 ‘ 2500 ’ 2500_! 2500 ‘ 2500 l 2500

A<

17 500

Two stiffeners are placed at b and ¢ to coincide with the column flange
(@)

f First floor level
, | 440 iy B

i+ Secondary beams

| 13

2000

100||100

AL

Section A-A

(b)

Figure 14 Details of plate girder (dimensions in mm)

References
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1.6.10 Design procedure using the concise document (C-EC3)’
This example can also be designed using the concise version of Eurocode 3.

The procedure is similar to that given in the Eurocode itself, except for the
following specific checks in which a simpler procedure is used.

Moment resistance of the section

In C-EC3 the simplified method from the example is adopted. The method
assumes that the applied moment is resisted by the flanges, and the shear is
resisted by the web:

My € Mg and

VSd < Vba.Rd
M_ g4 in C-EC3 is determined in the same way as in Eurocode 3, as already shown.

The design shear buckling resistance, V, ., is determined using the simple
post-critical method. The tension field method is not addressed in C-EC3.

Viere = 9t To/Ym
t, = 13mm
= 2000 mm
a/d = 125
dt, = 1538
1, = 90N/mm?
© Veas = 2000 x13x 90/1.05/103
= 2228 kN

ie > Vg (2212.5kN)

satisfactory.

Intermediate stiffener design
Intermediate stiffener subjected to an external load, P, should be designed for
a stiffener force of :

F, = P+N;
where N, = Vg -dt, t,/7,,butN, 2 0
ad = 125 dt, = 1538
Tpy = 63 N/mm?
N, = 2197.5-2000x 13 x 63/1.05/10°
= 637kN
F, = 216+637
= 853kN

The axial resistance of the stiffener is checked against this design force using
the procedure in clause C-EC3 5.7.6.

References

C-EC35.56.6.3(1)

C-EC3 Table 5.25 (a)

C-EC35.5.6.4 (1)

C-EC3 Table 5.26
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1.7 Column (C1)
The internal column shown in Figure 15 is subject to loads from a roof and

three floors. Design the column for the loading shown, in grade Fe 430 steel,
as a member in simple framing using the requirements in the NAD.

B15

Roof
Y

| —

4000

¥ B14

4th floor
Y

IL AlE———

4000 Splice
(Splice plates,
etc not shown)

— 3rd floor
4 B3 soof v
4000
2nd floor
Bt12
T ¢ m - V,
4000
1st floor
LA

2000

Figure 15 Details of column C1 (dimensions in mm)

]
44 |Bas

I |B34

I B44

Typical floor level

B34

References
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1.7.1 Loading

Table 4 shows the variable and permanent actions carried by the internal column
C1. These are the same as in Table 2, and are repeated here for convenience.

Table 4 Loading for column C1 (kN)

Variable Sub- Cumulative Permanent Sub- Cumulative
Beam actions totals totals actions totals totals
1 28.1 93.8
2 14.1 47.1
3 14.1 47.1
4 0 56.3 0 188.0
1 94.0 76.0
2 46.9 34.7
3 469 34.7
4 0 187.8 0 145.4
244.1 3334
3rd floor 187.8 1454
as 4th floor 431.9 478.8
2nd floor 187.8 145.4
as 4th floor 619.7 624.2

Partial safety factors for loading

References

Permanent actions Yosup = 1.35 Table 2.2
Variable actions Yoswp = 150 NAD Table 1
1.7.2 Section properties
Consider column 1st floor to 2nd floor
The size of the column must be determined from experience and then
checked for compliance with the Eurocode rules.
Try a254 x 254 x 73 UC grade Fe 430
h = 2540mm b = 254.0mm
t,, = 86mm t; = 142 mm
dt, = 233 _ ct, = 8%
A = 9290 mm? L, = 114x10° mm*
I, = 557x10° mm® I, = 38.7x10% mm*
I, = 573x10° mm* Wy = 989x%10° mm?
Wy = 894x10° mm? 1, = 111 mm
i, = 646 mm
. LI, \» 38.7 x 106 x 557 x 10°|0% 685 Fo0(3
o T w,e - (989 x 10°)2 = boomm 220
Py
1,/1)05 27X 0TV 986 F.2.2 (1
ar = D) = 57310 - ooemm 2201)

All the above properties, including i| ; and a1, can be obtained from section

property tables?.
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1.7.3 Classification of cross-section
This section is designed to withstand small moments in addition to axial force.
Note that the section is always in compression.

Fort; = 142mm
275 N/mm?

Py

e = (285,05 = (235275)% = 0924

Flange (subject to compression)
Class 1 limiting value of c/t, for outstand of a rolled section is 10 €

10e = 10x0924 = 924
ot, = 894

I

Web (subject to bending and compression)

Class 1 limiting value of d/t,, for web subject to bending and compression is 33 €.

3Be= 33x0924 = 305
dt, = 233

W

clt;<10eanddit, <33 ¢

class 1 section.

References
53

Table 5.3.1

Table 5.3.1 (Sheet 3)

Table 5.3.1 (Sheet 1)

1.7.4 Design value of actions

The recommendations given in British Standard BS 6399: Part 18 are used

to determine the load on this column. The column supports the load from the
roof and three floors, so the variable action can be reduced by 30%. From
Table 4 the permanent and variable actions are:

G, = 6242kN
Q, = 07x6197 = 4338kN

Design value of axial compression (Ng,)
= Z¥6; Gy + Yo, Quy

1.35x 6242 + 1.5 x433.8

1493 kN

There is no need to consider pattern loading, but the effect of unbalanced
loading on either side of the column must be taken into account.

Eccentricity to be taken as 100 mm from face of column.

eccentricity (y-y axis)
= h/2+100mm = 254/2+100
= 227mm

taking the beam reactions from Table 4, total design value of moment
applied at level 2, M g (total), is: (1.35 x 94 + 1.5 x 76) x 227/10°

= 54.7kNm

BS 6399 Part 1: 1984

2322

NAD B.2

NAD B.4 c)
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Moment to be divided in proportion to the column stiffnesses. Column

stiffnesses are equal above and below level 2, so the moment is divided equally,

54.7/2
27.3 kNm

Mg,

This moment has no effect on the floors above or below, so the moment
increases linearly from 0 at level 1 to 27.3 kNm at level 2, and from 0 at
level 3 to 27.3 kNm at level 2 in the upper length. It should be noted that
C, = 1.0 in the calculations.

References
NAD B.5

NAD B.5

1.7.5 Resistance of cross-section

For a class 1 section without bolt holes, the reduced design plastic resistance
moment, allowing for the axial force, is:

_ Mp/ﬁy.Rd (1-n)
Myyra = 1-05a

NSd/Np/.Rd
(A-2bt)A buta < 0.5

where n

a

To calculate M, ¢4
For bending about one axis, the design moment of resistance is:

Myyra = WA mo
989 x 103 x 275/1.05/10°

I

259 kNm

To calculate n and a

Applied axial force, N, = 1493 kN

For a member subject to axial compression, the design plastic resistance
of the cross-section is:

Nora = At Mo

9290 x 275 2433 kN
©1.05x% 103 -

1493/2433
0.61

A-2bt; 9290 -2 x 254 x 14.2
A - 9290

= 022

=
Il

Myre = Mygyra (1-n)/(1-05a)
259 (1 -0.61)/(1 - 0.5 x0.22)
113.5 kNm

ie > Mg (27.3kNm),

satisfactory.

5.4.8
5.4.81 (4)

5451

5.4.4.1

5.4.8.1 (4)
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1.7.6 Buckling resistance of the member
A class 1 member subject to combined bending and axial compression should
be checked for the following modes of failure:

® Flexural buckling (clause 5.5.4 (1)), and
® Lateral torsional buckling (clause 5.5.4 (2)).

Flexural buckling
A class 1 member subject to moment about the major axis only, should satisfy
the following:

NSd " ky Mv.Sd
Kmin A fy/'YMl Wp/.’y fy/’YMl

1.0

Applied axial force, Ng; = 1493 kN

To calculate ¥,
Xmin 18 the lesser of y, and y, , where y, and ¥, are the reduction factors from
clause 5.5.1 for the y-y and z-z axes respectively.

Determination of ¥,
The reduction factor X, depends on the slenderness about the y-y axis.

Assuming that the connections between the column and the primary
members at levels 1 and 2 are effectively pinned, then the slenderness about
the y-y axis is:

A, = //iy = 4000/111 = 36.0
A o= m(BAYS = 939e = 868
A, = AJA B = 36/868x105 = 041
From Table 5.5.3, use buckling curve b
X, = 0922
Determination of ¥,
/ = L = 4000 mm
A, = /A, = 4000/64.6 = 619
L, = MABYS = 619868x105 = 071
From Table 5.53, use curvec 7y, = 0718
Xmin = Xz = 0718
To calculate k,
N
ko= 1o pu k< 15
A AL
= Wp/ﬁy ely <
where p, = A 2By, -4+ W but p, < 0.90
ely

References

5.5.4 (1)

5515

5514

Table 5.5.3
Table 5.5.2

Table 5.5.2

55.4(1)
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The NAD assumes a uniform moment on the column (y = 1.0), therefore

By (the equivalent uniform moment factor) is taken as 1.1 for bending about

both axes.

Buy = 11

989 x 103 — 894 x 103

412 x1.1-4 = -0
041 (2 x )+ 894 % 103 0.63

Hy

(- 0.63) x 1493 x 103
YT T 0922 x9290 % 275

k, = 14(<1.50)

NSd + kv Mv.Sd
Xmi.n A fy/’YM] Wp/y fy/YM]

1.0

1493 x 103 1.4 x273x 10°
0.718 x 9290 x 275/1.05 " 989 x 103 x 275/1.05

= 1.000

satisfactory for flexural buckling.

References
NAD B.3

Lateral torsional buckling
A class 1 section should satisfy the following:

NSd kLT MV.Sd
Xz A f_v/'YMl XLTWp/fy fy/'YMl

< 10

1493 kN

Applied axial force Ng,
Applied moment Mygs = 27.3kNm

To calculate k |

K :1_&1&

- LAL but ko < 1

where W, = 015 A, Byr—015 but p, < 09

BM.LT = 11

015x0.71 x1.1-0.15 = -0.0329

Mt

e (- 0.0329) x 1493 x 103
T 7 7 0718 x 9290 x 275

= 1027 >10 - kg =

40
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5.5.4 (2)
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To calculate y, +
The value of y, ; can be determined from Table 5.5.2 for the appropriate
value of the non-dimensional slenderness A, .

XLT = }"LTD\‘l ﬁwo's

A, should be determined from Annex F of Eurocode 3: Part 1.1, with a
C, factor taken as 1.0.

For a nominally pin-ended I or H section with end-moment loading only, the
value of A ; can be obtained from:

L/i, 1

(L/aLT)Z}o.zs
05 Wa, )y
< [“ 25.66
4000/68.5
= 1.005 |:1 MX]O,ZS = 516
LT 25066

Mr =

>

0.59

Il

vr = Mg/A By = 51.6/86.8

from Table 5.5.2, using curve a (for rolled sections)

%r = 0893

Ny . ki Mg
XA LM Xer Wory £

1.0

1493 x 103 1.0 x27.3 x 106
0.718 x 9290 x 275/1.05 " 0.893 x 989 x 10° x 275/1.05

= 098

098 < 1.0

satisfactory for lateral torsional buckling.

References
55.2(2)

NAD B.3

F.2.2(1)

5.5.2 (4)
Table 5.5.2

1.7.7 Design procedure using the concise document (C-EC3)’

This example can also be designed using the concise version of Eurocode 3.
The procedure is similar to that given in the Eurocode itself, except for the
following specific checks in which a simpler procedure is used.

Resistance of the cross-section
C-EC3 presents a simplified equation for the reduced moment of resistance in
the presence of axial force.

For class 1 and class 2 sections with low shear:
MSd s MNyARd
where My s = 1.11 My, (1-n)but Myra & My

n = Ng/Ngp, = 14932433 = 0.61
Myps = 259.0kNm

1.11x259.0 (1-0.61) = 112.1kNm(<M,)

MNy.Rd

ie > Mg, (27.3kNm)

satisfactory.

C-EC356.1.2

C-EC3 Table 5.27
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Buckling resistance of the member
The procedure is similar to that given in the Eurocode , except for the
following checks in which a simpler procedure is used.

Major axis buckling mode:

N k., M
—Sd 8 o190

Nyyra M Mc.y.Rd

N
and ad < 1.0
Nb.z.Rd

Nb.y.Rd = Baf Al

BA =1
A = 9290 mm?
Yvi = 1.05
/ 4000
?»y = 1_ = = 36.0

y

AMNBy = 36V1 = 360
Using buckling curve b:
f. = 253 N/mm?

#Npyre = 1.0x253%9290/1.05 x 10°
= 2238kN

Mc.y.Rd = Mply.Rd
= 259.0 kNm

k, = 15 (conservative)

Note C-EC3 also contains a procedure for determining a more representative
(less conservative) value of k.

_ Yw _ LOS
nesy Ts -

Ngo kMg 1493 1.5x27.6

Nb.y.Rd+n M.y rd ) 2238+1.O><259
= 0.83
ie < 1.0
Npra = Baf Alvy
BA =1
A = 9290 mm?
Y = 105
A, = /i, = 4000/64.6 = 619
AVB, = 619V1 = 619
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C-EC35.6.3.2 (1)

C-EC35.4.3.2 (1)

NAD Table 1

C-EC3 Table 5.14a

C-EC35.6.3.2(1)



Using buckling curve c:

f. = 197 N/mm?

C

1.0 x 197 x 9290

N =
bz.Rd 1.05 x 103

1743 kN

_NSd_ _ @ — 086
Ny,ra 1743 = 7

ie < 1.0

satisfactory.

Lateral torsional buckling mode

N k
sd ZLr Thsd g
Nira  Myga

Ni.ra = Baf Ay

A, = I, = 4000/64.6

Z

61.9

Using buckling curve c:

f. = 197 N/mm?

C

N 1.0 x 197 x 9290 1743 kN
bzRd ™ 1.05 x 103 -

Myra = Bwf, Won /Y

Lii

Mr = (K/C)PS x l:l . (L/EILT)Z:IO'Z5

25.66
k = 1.0and C, = 1.0 (simple construction)

4000/68.5
A = 1'°X[ e (4000/986)2}0'25 = oo

25.66
f, = 245 N/mm?

1.0 x 245 x 989
bRd T 1.05 x 103

230.8 kNm

1.0 (conservative value)

=~
o
=

il

Ngy N ke Mg 1493 N 1.0 x27.6
Ny rd Myra 1743 230.8

0.98

ie < 1.0

satisfactory.

References

C-EC35.6.3.2 (3)

C-EC35.4.3.2 (1)

C-EC3 Table 5.13
C-EC3 Table 5.14a

C-EC35.5.5(7)

C-EC3555(9)

5.5.5 (13)

C-EC3 Table 5.18a
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1.8 General requirements for structural integrity

1.8.1 Tying forces

Beams and their connections should be designed to resist tie forces, so that
they will limit the progressive spread of damage in the event of an accident.
These forces are defined as:

0.5 w; s, L, for internal beams, and
0.25 w; s, L, for edge beams,
where w; is the total design permanent and variable load

s, is the mean spacing of the ties

t

L, is normally the span of the beam (See the NAD for a

a

tull definition).
Also, the tie forces should be not less than 75 kN for floors or 40 kN for roofs.

For this example the terms have the following values:

W = Y6 Gy + 70 Qg
For the floors = 135x3.7+1.5x5.0 = 12.5 kN/m?
For the roof = 135x50+15x%x1.5 = 9.0 kN/m?

s, for floors and roof:

For edge beams 25m
For secondary beams 2.5m
For main beams 75m
L, for all beams in floor androof = 7.5m

Column tie forces

The columns must be restrained at the periphery of the structure. The
restraints must be capable of resisting a tie force of not less than 1% of the
axial force in the column.

The maximum forces in the columns may be determined as follows:

Area supported by external column = 7.5x3.75 = 28.1m?

Column load at roof level
w,xarea = 9x281 = 253kN

The restraint tie force = 1% = 2.53kN
Experience will show that normally this is not critical.

Column load at 1st floor

Roof 253 kN
2nd to 4th floors 12.5x28.1 x 3 1054 kN
Plate girder reaction 2213 kN
Edge beams 12.5 x7.5 x 1.125 105 kN
Cladding 8 x 7.5 x4 x 4 960 kN
Total 4585 kN

The restraint tie force = 1% of the total axial force
= 46kN
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References

NAD A.2.2 b) 1)

NAD A.2.2 b) 2)



Roof tie forces

Edge beams 025%x9.0%x25x75 = 42kN
Secondary beams 05%x9.0%x25%x75 = 84kN
Main beams 05%x9.0x75x75 = 253kN

These are all greater than 40 kN and 1% of the column load (2.53 kN), and
should be used in the design of the members and connections.

Floor tie forces

Edge beams 025x125%x25%x75 =  59kN
Secondary beams 05x125%x25x%x75 = 117kN
Main beams 05x125%x75%x75 = 352kN

The edge beams and their connections should be designed for 75 kN, which is
greater than both the calculated tie force and 1% of the column load (46 kN).
The main and secondary beams, along with their connections, should be
designed to resist the forces given above.

References

1.8.2 Frame imperfections

Frame imperfections are allowed for by assuming an equivalent system of
internal forces, including equivalent horizontal forces applied to those
systems which provide the lateral stability of the frame. The reactions
generated by these equivalent forces are balanced by the equal and opposite
reactions of the closed system of internal forces, and so are not added to the
total shear force at the foundations due to external actions. The effect on any
individual foundation can easily be found by considering the imperfection
angle ¢.

To determine the horizontal actions to be resisted by the bracing system, the
total design load at each floor is required. This is then used to determine the
equivalent horizontal forces applied at each level.

From previous calculations the total unit design load intensities are:

Roof 9.0 kN/m?
Floors 12.5 kN/m?

In addition, an allowance should be made on the design load for the weight of
the columns and beam casings; say 0.3 kN/m? for the roof and floors 2 to 4,

and 1.0 kN/m? for the 1st floor, including the plate girder and its casing.

The cladding has a characteristic load of 0.8 kN/m? and a design load of
0.89x1.35 = 1.2kN/m2

The plan size of the building is 17.5 m X 52.5 m, giving an area of 919 m2.

The perimeter of the building is 2 x (17.5 + 52.5) 140 m.

The weight of the cladding is, therefore, 4.8 x140 = 672 kN/floor.

5.2.4.3 (6)

5.2.4.3 (8)
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The floor loads are given in Table 5.

Table 5 Total design loads on each floor (kN)

Roof 9.3 x919 8547
4th floor 12.8 x 919 + 672 12 435
3rd floor 12.8 X919 + 672 12 435
2nd floor 12.8x919 + 672 12 435
1st floor 13.5x919 + 672 13 079
Total 58 931

To obtain the equivalent horizontal forces for checking the frame, the total
floor load is multiplied by the imperfection angle ¢ which is obtained from:

¢ = kC kS ¢0
(0.5+1/m)5 butk, < 1.0

o
I

where

1/200

=
©
i

n_ is the number of columns supporting all floors and carrying

more than 50% of the average column load in the plane
under consideration

k, = (02+1/n)5 butk, < 1.0

s

n, is the number of storeys

In this example the value of n, for the transverse imperfections =2,

k., = (05+1/2)%5 = 1

C

The value for the longitudinal imperfections is based on there being eight
columns in one plane, giving;:

k. = (05+1/8)° = 0.791

C

The value of n_ in both directions is the same, 5. This gives a value of:

k, = (02+1/505 = 0.634

S

The final imperfections will be:
Transverse  1x0.634 x 1/200 = 1/315
Longitudinal 0.791 x0.634 x1/200 = 1/399

Table 6 gives the equivalent horizontal forces which should be applied to the frame.

Table 6 Equivalent horizontal forces at each floor (kN)

Design load Transverse Longitudinal
Roof 8547 271 214
4th floor 12 380 39.3 31.0
3rd floor 12 380 393 31.0
2nd floor 12 380 39.3 31.0
Ist floor 13020 41.3 326
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These forces will be distributed equally between each bracing system. As
the structure is more than four storeys high, a minimum of two independent
systems of bracing is required in each direction (see plan, Figure 16). In this
example, a single cross-braced bay has been incorporated in each of the two
end-walls, and two braced bays have been built into the rear elevation.

Braced bays

e S S

End bracing
(both ends)

N Y A B B b
I:j%:j%ti:%ti:%tj{:jﬁ%:r
+ 4+

Columns taken full height I

Columns from 1st floor to roof D

Figure 16 Plans of building showing bracing

As the longitudinal bracing is provided on one elevation only, there will
be a couple induced, and this will have to be resisted by the transverse
bracing. In calculating this couple, it is assumed that the wind acts in the
longitudinal direction.

To ensure that the structure remains square in plan and transmits the forces
to the vertical bracing systems, plan bracing will be required. This will
normally be provided by the floors acting as diaphragms but, if necessary,
may take the form of individual bracing members incorporated in the floors.

References
NAD A.2.2 a)

5.2.4.3 (4) and (5)

1.8.3 Wind loading on bracing systems
The wind loading in these examples is taken from British Standard CP 3:
Chapter V: Part 29, where q, = 0.68kN/m* and C; = 1.2 kN/m?2.

The force on each of the transverse braced bays

= q,Clength2 = 0.68x12x5252 = 21.4kN/m

The total force to be resisted by the longitudinal bracing
= 17.5x0.75x0.68 = 89kN/m

The force in the transverse bracing resulting from wind acting on the end-
bays is determined by multiplying the total force on the longitudinal bracing
by the ratio of half the width of the building by its length,

17.5
i Itiplying fact = = 0.167
ie multiplying factor 2 %52.5

It is assumed that the roof will resist the wind from half a storey height (2 m);
the floors, except the first, will resist the wind from 4 m, and the 1st floor will
resist the wind from 4.5 m.

CP 3: Chapter V
Part 2: 1972
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Figure 17 shows the distribution of wind between floors.

Roof
Y

2000
4000

4th floor
4000 Y

7 4000

3rd floor
4000 y

4000
2nd floor
500 Y

Splice

4000

Y 4000

1st floor
Y

4500

-— 5000

Ground level
y

Figure 17 Distribution of wind between floors (dimensions in mm)

Summary of bracing loads

Unlike current UK practice, the forces on bracing resulting from

imperfections and wind loads are additive.

Tables 7 and 8 summarise the design actions on both the transverse and the

longitudinal bracing,.

Table 7 Design actions on transverse bracing

Wind on Resultant
front couple from Transverse Longitudinal Design
elevation wind on ends imperfections imperfections actions
Roof 42.8 3.0 13.6 3.6 63.0
4th floor 85.6 5.9 18.6 52 115.3
3rd floor 85.6 59 18.6 5.2 1153
2nd floor 85.6 5.9 18.6 5.2 1153
1st floor 96.3 6.7 20.7 5.4 129.1

Table 8 Design actions on longitudinal bracing

Design

Imperfections Wind actions
Roof 214 17.8 39.2
4th floor 31.0 35.6 66.6
3rd floor 31.0 35.6 66.6
2nd floor 31.0 35.6 66.6
1st floor 326 44.1 76.7

References

48



1.8.4 Design procedure using the concise document (C-EC3)’
Frame imperfections

C-EC3 contains a summary table of imperfection factors, ¢, for different
numbers of columns, n_, and storeys, n,, thereby simplifying the calculation:

Number of storeys, n, = 5

S

Number of columns, n_

Transverse = 2 S0
Longitudinal = 8 S0

1/315
1/400

1l

References

C-EC35.2.43

C-EC3 Table 5.3
C-EC3 Table 5.3
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1.9 Beam-to-beam connection (B1-B2)

1.9.1 Initial design information

Design the connection between a pair of secondary beams in Section 1.3
(406 x 140 x 46 UB, member reference B1), and the primary beam in Section
1.4 (533 x 210 x 101 UB, member reference B2).

From Section 1.3, for a secondary beam the design ultimate reaction is:

Vg = 17TkN

The connection is to be nominally pinned so that deformations of
the secondary beam can occur without inducing significant moments in the
primary beams.

The connection will be designated as a ‘Category A: Bearing type’ shear
connection using a partial depth flexible end-plate. While the flexible end-
plate is a commonly used connection type, it can result in increased erection
effort, particularly when two are connected back-to-back through a beam or
column web. This should be borne in mind when selecting an appropriate
connection detail.

References

6.4.2.1 (1) and (2)

6.5.3.1(2)

1.9.2 Basic details

To achieve the required flexibility, the connection will be detailed in
accordance with Volume 1 of Joints in simple construction'? (see Figure 18).

Four M20

grade 8.8 bolts
[ 2 110 x 32 mm notch |
il h 4

=

=

406 x 140 x 46 UB J
t

406 x 140 x 46 UB

= |

35 180 35]|

} !
17kn | V7w

=

T

(-

533x210x 101 UB

Figure 18 Beam-to-beam connection details (dimensions in mm)

Note The proposed end-plate is 200 mm wide x 250 mm deep X 8 mm
thick. The dimensions of the plate have been selected to comply with
the recommended minimum bolt gauge of 140 mm and a plate depth
greater than 0.6 of the depth of the supported beam.

It is envisaged that a four-bolt connection will be adequate. Using an end
distance of 35 mm, the bolt pitch is 180 mm.

]

Minimum end distance, ¢, 12d, = 12x22

1

26.4 mm, ie < 35 mm

]

Normal edge distance, €, 1.5d, = 15x22

33 mm, ie > 30mm

il
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Although the edge distance is less than normal, it is acceptable provided
that the bearing resistance is reduced accordingly and that the edge
distance is not less than the minimum value of 1.2 d | (26.4 mm).

Assumed'? notch depth,d, = 32mm

Assumed!? notch length,c = 110 mm

References
6.5.5 (10)
6.5.1.3 (2)

1.9.3 Shear resistance of the bolt group

Treating the force on each shear plane separately:

Shear perbolt = 117/4 = 29.3kN
Shear resistance of bolt, Fore =

where v, is the material factor = 1.35

f,,  is the ultimate tensile strength of the bolt = 800 N/mm?

A is the tensile stress area of the bolt = 245 mm?

S

0.6 x 800 x 245
1.35x 103

87.1 kN/plane

| =

ie > 293kN,

satisfactory.

Table 6.5.3

NAD Table 1
3.3.2.1(3)

1.9.4 Check shear resistance of the end-plate
The reduction in shear resistance resulting from the presence of the
fasteners can be ignored if:

Aqpul A /£,

v.net v

v

(2 x250 x 8) — (4 x 8 x22)
Avnel/Av =
: 2x250% 8

= 0.824

f/f = 275/430
= 0.640

ie £ 0824

the presence of the holes can be ignored and the gross area of the
plate can be used.

Design plastic shear resistance

\Y% AL

MRS B
275 N/mm?
Yy = 1.05

A

v

where fy

2x8x250 = 4x10° mm?

5.4.6 (8)

5.4.6 (1)

Table 3.1
NAD Table 1

5.4.6 (2)
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v 4 x10% x 275
piRd = V3 x 1.05 x 103
= 604.8 kN
ie > 117kN, .. the plates are adequate in shear,

satisfactory.

References

1.9.5 Design end-plate weld
The end-plate is connected to the beam web by two full depth fillet welds.

f

u

Fillet weld shear strength, f, , —
VWi Bw Yot \/3

430 N/mm?

where f

u

B, is acorrelation factor for the grade of steel being used. For Fe 430:

By = 085
Yvw = 1.35
430

wd = oo~ = 216 N/mm?
0.85%1.35 x V3

Total length of weld = 250x2 = 500 mm

117 x 103
Resistance required/mm = 500 = 234 N/mm
Design resistance, F,, oy = f,,a
throat thickness required, a > 234/216 = 1.08 mm
leg length required = a/0.7 = 1.08/0.7 = 1.54 mm

Use a 6 mm fillet weld as a practical minimum.

6.6.5.3 (4)

Table 3.1
6.6.5.3 (5)

NAD Table 1

6.6.5.1(1)

6.6.5.3 (3)

NAD 6.1.4 g)

1.9.6 Shear resistance of secondary beam web

Influence of notch to the top flange

The depth, d_, and length, c, of the notch are standardised practical values for
the section sizes which have been used!2. Using these values, the problems of
beam web stability in the region of the notch do not arise. For restrained
beams in grade Fe 430 steel, the stability of the web need not be checked
unless the length of the notch is greater than the beam depth.

Inspection shows that the moment due to the eccentricity of beam reaction is
less than the moment resistance of the reduced beam section in the region of
the notch.

ie Vg% (tp +¢) < Mgy (Reduced)

Note The secondary beam is fully restrained by the floor system.
If the beam were unrestrained, then the influence of the notch on
the effective length used in the lateral torsional buckling calculation
might need to be taken into account!?,

52



1.9.7 Check bearing resistance of supporting beam
(Figure 19)

70,70

[

T
Bt

117kN1 l117kN

l | 7

Figure 19 Web of the supporting primary beam (dimensions in mm)

Inspection shows that the bearing of the primary beam web is more critical

than the bearing resistance of the secondary beam end-plates. (The beam web

supports a pair of secondary beams.)

A detailed appraisal of the calculation of limiting bearing stresses is presented

under Section 1.10 (Beam-to-column connection design). The limiting values
stated here have been extracted from that calculation:

Fyre = 443.9 N/mm? (limited bearing deformation)

or

Fira = 796 N/'mm? (substantial bearing deformation)

The actual bearing stress:

. 2V, 2x117 x 103
0S4 T 4d¢, T 4x20x%x109
= 268.3 N/mm?

ie < 443.9 N/mm?

satisfactory.

References

1.9.8 Tying force requirements
From Section 1.8, the secondary beams are required to resist a tying force of
117 kN to satisfy structural integrity requirements.

The ability of the connection to resist this force should be determined in
accordance with Volume 1 of Joints in simple construction'?, using an
additional y,, factor of 1.05 as explained in Section 1.10.9.

1.9.9 Design summary
Use four M20, grade 8.8 bolts and a 200 x 250 x 8 mm grade Fe 430 end-plate
welded to the beam with a full-length 6 mm fillet weld (each side).
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1.9.10 Design procedure using the concise document (C-EC3)’
This example can also be designed using the concise version of Eurocode 3.

The procedure is similar to that given in the Eurocode itself, except for the
following check in which a simpler procedure is used.

Design end-plate weld
In C-EC3 the calculation of £, has been replaced by a table of design strengths.

Steel grade = Fe 430

f,, = 216 N/mm?

vw

Total length of weld = 250x2 = 500 mm

Resistance required/mm = 117 x10%/500 = 234 N/mm?
Throat thickness required = 236/216 = 1.08 mm
leg length required = 1.09/0.7 = 154 mm

Use a 6 mm weld as a practical minimum,

satisfactory.

References

C-EC3 Table 6.10

NAD 6.1.4 g)
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1.10 Beam-to-column connection (B2-C2)

1.10.1 Initial design information

Design the connection between the primary beam in Section 1.4
(533 x 210 x 101 UB, member reference B2) and an external column
(254 x 254 x 73 UC, member reference C2) at the second-floor level.

From Section 1.4, the design ultimate beam reaction,

Vg = 2425kN

From Section 1.8, the design beam tying force,

T, = 352kN

The connection will be nominally pinned and will be detailed so that rotation
of the beam can occur without the connection attracting significant moments.

The connection will be designated as a ‘Category A: Bearing type’ shear
connection, using two angle cleats to the beam web.

References

6.4.2.1 (1) and (2)

6.5.3.1 (2)

1.10.2 Basic details

To achieve the required flexibility, the connection (in Figure 20) will be
detailed in accordance with Volume 1 of Joints in simple construction'?.

~ I y—
(o]
wm
~t
2 6060
L 100 x 100 x 10 RSA (Fe 430
s | (Fo430) | [
2 [Ys]
v R o 3 . All bolt holes
B = 3 533x210x101UB | B . 22 mm diameter

o
a 7 (Fe 430) . for grade 8.8 bolts
> o
<t
[Te3
[aV)

| \ !
A<J M20 grade 8.8 |
bolts S A
1244 kN
Section A-A

|
]

Figure 20 Connection details (dimensions in mm)
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1.10.3 Check adequacy of bolts to the beam web

The design shear force is the vector sum of vertical and horizontal
components'?. The horizontal component is that due to a moment arising
from the support reaction acting through an eccentricity, a (see Figure 20).
Fv.Sd = (sz + Fm2)0.5
where F, is the vertical shear component per beam web bolt
= V/3 = 242573
= 80.8kN

is the horizontal shear component per beam web bolt due to the
reaction eccentricity

= Vg, a/Z, (for the outermost bolt)

n{n+1)p

Z, is the elastic modulus of the bolt group = 6

is the bolt pitch

n is the number of bolts

6V a 6x242.5 x 60
m nn+1)P  3x(3+1)x125

= 582kN

F,o, = (80.6%+58.22)05

= 994kN

Shear resistance of bolt per shear plane:
_ 06f, A
vRd = -
where 7y, = 1.35
800 N/mm?

245 mm?

f,, isthe ultimate tensile strength of the bolt

A, is the tensile stress area of the bolt

0.6 x 800 x 245
vRd B 1.35x 103

= 87.1 kN per shear plane

For double shear, bolt resistance

= 2x87.1 = 174.2kN
ie > 99.4kN, so the shear resistance of the bolts is adequate,

satisfactory.

References

Table 6.5.3

NAD Table 1
Table 3.3
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1.10.4 Design for shear rupture resistance
(Figure 21)

i
=

1
|

22|

-

Figure 21 Block shear failure of web

This check is applied to ensure that there is sufficient material remaining in
the web allowing for the presence of bolt holes. It is seldom critical in
connections which conform with standard UK detailing rules.

Shear resistance
Vetra = (fy/\/3) A, eiYmo

where v, 1.05
Av.cff =t LvAeff

Lt = L, +L;+L, (but < L))
L, = 250mm
L, = a, (but £ 54d)
= 70mm (ie < 5d = 100)
L, = 70mm
L, = (a,-kd,) (/L)
For a single row of bolts, k = 0.5

L, = (50-0.5x22)(430/275) = 61 mm
L, = L,+a, +a,

= 250 +70+216.7

= 536.7 mm, but this should not be greater than
L, = (L,+a,+a;~-nd,,) (fu/fy)

= (536.7 - 3x22) (430/275)

= 736 mm
L, .« 250+ 70 + 61
= 381 mm
Verra = (275/\/3) 10.9 x 381/1.05/103

= 628.0kN

ie > Vg, (=2425kN)

satisfactory.

References
6522

6.5.2.2 (2)
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1.10.5 Check bearing resistance of bolts

Bearing resistance:

25af, dt

F
hd Ynmb

where vy, = 1.35

t = 109 mm
d = 20mm
i o) (2 1Y)l
o  isthe lesser of (3 do)’ [3 d - 4), [fuj or 1.0
p, istheboltpitch = 125mm
e, isthe distance of a bolt from a free edge in the direction of the
applied load
99.4
= 582%%0
= 854 mm

Note The value of e, has been chosen in accordance with the direction of
the resultant shear force acting on the bolt.

& _ R I O TR
34~ 1.29; 3d 4 1.64; EoT 1.86
minimum valueis o = 1.0
ultimate bearing strength
2.5x1.0x%x430
fora = 3 = 796 N/mm?

This satisfies the Eurocode 3 requirement for bearing, but to avoid excessive
hole deformation the NAD gives the following limit for the ultimate bearing
stresses:

0.85 (f, +f,)

IN

Limiting stress
Tmb
o 085(430+275) (4132 5+ 25 _ 4439 Nimm?

Note This treatment of bearing stress in Eurocode 3 differs from that
encountered in British Standard BS 5950: Part 1: 1990'3. The values
stated in Table 33 of the British Standard ensure that little bearing
deformation will occur, and are therefore similar to the NAD
requirements. Eurocode 3, however, permits a larger bearing stress to
be used, and takes advantage of the larger deformations which may
occur in connection design methods where redistribution of forces
between bolts is assumed.

Adopting the NAD limitation on bearing deformation, the bearing resistance
per bolt is given by:

limiting stress x d t

Il

l:\b.Rd
443.9 x 20 x 10.9/10°

96.8 kN

1]
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6.55

Table 6.5.3

NAD Table 1

NAD 6.1.4 b)

BS 5950: Part 1: 1990



ie < F,g (99.4KkN)

For this particular connection, excessive vertical movement would be
unacceptable. It is therefore necessary that the vertical component of bolt
force be restricted to the NAD limit for satisfactory performance.

F, = 80.6kN

v

ie < F, pq(96.8kN)

satisfactory.

References

1.10.6 Check bearing and shear resistance of web cleats
Inspection shows that this is a less critical design condition than that described
for the bearing and shear of the beam web.

satisfactory.

1.10.7 Check resistance of bolts connecting cleat to column
The bolts would be checked under direct vertical shear only. There is no
moment to be considered in this instance, and these are therefore no more
critical than the bolts designed earlier, which connected the cleat to the beam.

satisfactory.

1.10.8 Check bearing resistance of column flange
254 x 254 x 73 UC section,
column flange thickness = 14.2 mm

The flange thickness of the column is greater than the thickness of the beam

web, so this is less onerous than the beam web bearing check carried out earlier.

satisfactory.

1.10.9 Check structural integrity of the connection

To satisfy the structural integrity requirements in the UK National
Application Document, the connection is to resist a tie force, Ty, in the
absence of any other loading actions.

Trp = 352 kN (see main beam tying force, in Section 1.8)

Check the adequacy of the connection using the procedure given in Volume 1
of Joints in simple construction'2. It should be noted that this is an empirically
based method, and applies only to simple connections detailed in accordance
with the reference. For this method to be consistent with Eurocode 3, a vy,
factor of 1.05 has been introduced, to allow for the difference between the ¥;
factor of British Standard BS 59503 and the v, factor of Eurocode 3.

NAD Annex A
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Tension resistance of web cleats
For Fe 430 steel:

Tensile resistance = 0.6 L, tf /vy

where L, = 2e+(n-1)p-nd,

€

e is the end distance (e,) = 35mm
is the bolt pitch (p,) = 125mm
is the number of bolt rows = 3
L, = 2x35+(3-1)x125-3%x22 = 254mm

0.6 x 254 x 10 x 275
1.05 x 103

399 kN

tensile resistance =

1l

ie > 352kN
satisfactory.

Tension and bearing resistance of the beam web
(Figure 22)
Tensile resistance = L, t,f

where L, = 2e+(n-1)p-nd,
e is the edge distance e, but < ¢ =50 mm

p is the pitch (p,) but <2 e =100 mm

[

Figure 22 Block failure of the beam web when acting as a tie

[ty lpine]

—
—

L = 2x50+(3-1)x100-3x22 = 234mm

€

tensile resistance = 234 x10.9 x275/1.05
668.0 KN

ie > 352kN
satisfactory.

Check cleat to column bolts in the presence of large prying forces

Note The method given in Eurocode 3 Annex J for determining prying
forces is not intended to be used for angle cleat connections. Until
such guidance is incorporated into Eurocode 3, the procedure given in
Volume 1 of Joints in simple construction'?, using British Standard
BS 5950 principles, should be adopted.
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Tension resistance of the bolt group = 2nA Phy
where nis the number of bolt rows, = 3 (20 mm grade 8.8 bolts)
A, is the tension area of bolt, = 245mm? (20 mm grade 8.8 bolts)
P is the reduced tension strength
of bolts in the presence of
extreme prying'2, = 300 N/mm? (20 mm grade 8.8 bolts)
Tensi <t 2 x 3 x 245 %300
ension resistance = T 10 <105
= 420kN
ie > 352kN
satisfactory.

References

1.10.10 Design procedure using the concise document (C-EC3y
This example can also be designed using the concise version of Eurocode 3.

The procedure is similar to that given in the Eurocode itself, except for the
following specific check in which a simpler procedure is used.

Bearing resistance of the supported beam
Here, C-EC3 considers a bearing strength coefficient, B, which can be
obtained directly from a table.

fora = Bdthy,

where d = 20 mm
t = 10.9mm
Yo = 1.35

B is the bearing strength coefficient

Where large hole deformations are not acceptable:
B < 0.6 kN/mm? (for grade Fe 430)

e, = 8&55mm
e,/d = 428

where large hole deformations are acceptable,

B = 1.07kN/mm? (for grade Fe 430)

Limited hole deformation:
forg = 0.6 x10%1.35 = 444 N/mm?

Large hole deformation:
fora = 1.07x10%1.35 = 793 N/mm?

The bearing resistance with limited hole deformation,

444 %20 % 10.9
Fora = fyradt = 10?
= 96.8 kN
satisfactory.

C-EC36.5.3

C-EC3 Table 6.2

NAD Table 1

C-EC3 Table 6.._2

C-EC3 Table 6.5
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1.11 Column splice (C2-C3)

1.11.1 Initial design information

Column C3 provides support to the long span transfer beam B4 (see ‘Plate
girder’, Section 1.6). Because of the high support reactions from this beam,
the supporting column is assumed to be a 356 x 368 x 153 UC. This particular
section will be provided from ground floor to 2nd floor, to distribute
adequately the large moment due to the eccentricity of beam reaction. A
column splice will be provided 0.5 m above the 2nd floor, at which point the
section size will be reduced to a 254 x 254 x 73 UC (C2).

References

1.11.2 Load details

The characteristic axial forces in column C2-C3 are shown in Table 9

Table 9 Loading for column C2-C3 (kN)

Variable Sub- Cumulative Permanent Sub- Cumulative
Beam actions totals totals actions totals totals

C2
Roof 1 7.0 234

i 2 7.0 234

ih— 3 14.1 28.1 94 141

il 3
ali
4th floor 1 23.5 29.5

i 2 23.5 29.5

ih— 3 94 141.0 75.0 134

il s 169.1 275
2li
3rd floor 141.0 134
as 4th floor . 310.1 409
c3
2nd floor 141.0 134
as 4th floor 451.0 543
1st floor 1 23.5 29.5

2 23.5 29.5

i! 3 932.8 1113.7

HE= 979.8 1172.7
A2 1430.9 1715.7

For column C2, levels 2 to 3, from Table 9:
G, 409 kN + s/w column = 425kN (say)
Q, = 248kN

Note The imposed floor loading incorporates a reduction of 20%
because of the number of floors which are supporteds.

Characteristic shear forces:
Vg = 10kN (say)
Vi = 10kN (say)
Note Inspection shows that these nominal forces are sufficient to cater for

horizontal elastic shears arising from nominal moments in the
columns, and direct shear due to wind loading.

BS 6399: Part 1: 1984
Table 2
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1.11.3 Basic details

(Figure 23)

As the column is being reduced by two serial sizes, it is inevitable that a
substantial thickness of packing will be required. Under these conditions, it
advisable to adopt a contact-in-bearing detail, with a division plate separating
the upper and lower column sections (Figure 24). This avoids problems which
can arise as a result of the substantial reduction in the shear resistance of bolts
which pass through thick packing pieces. This reduction may prove critical

when checking the tension resistance of the splice for structural integrity. 6.5.12 (1)
NAD A.2.2 ¢)
254 x 254 x 73 UC
do
655 x 255 x 10 |2 =142
cover plate 54 —
;
IRV =
] T + |+
v 140 & K/
A = A + | +
M20 grade 8.8 g’
bolts + |4 e o J 4 +
100x100x 12—k fj i - |
RSA =l e e + 1+
i" + +
a1 + |+
L — 356 x 368 x 153 UG
——%”’HL JL//\h"’L
T 1 =20.7

N

2nd floor beams

Y

Section A- A

Figure 23 General arrangement of the splice detail (dimensions in mm)
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d,= 254

Upper column flange t,=14.2

54

Dispersion o
between outside < Division

aces \% '/ é p
45° >45°

— Dispersion
between inside
475 R faces

Lower column
flange =~ — /\F
t,, = 20.7

d, = 362

Figure 24 Dispersion of forces through the division plate (dimensions in mm)

Assuming a 45° load dispersion through the division plate, the minimum
thickness of plate required is given by the greater of:

d -d,
2

dl_dz tf2 -tfl

(dispersion between outside faces)

(dispersion between inside faces)

Note The second equation governs where t;, > t;,. That is not the condition
in this example.

d,-d, 362 - 254
t, = > = 5 = 54 mm

provide a 55 mm thick division plate.

Note This is the maximum thickness of plate for which no special measures
are necessary to ensure adequate flatness for bearing in contact!2.

References

1.11.4 Determine the design loads

Because the edge beams have the same reaction both sides of the column:

Minor axis moment = 0kNm

Major axis moment is a result of the eccentricity of reaction of beam B2.
Centre of reaction to be taken as 100 mm from the face of the lower column.

e = 100+d,/2 = 100+ 362/2 = 281 mm
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Design reaction of beam B2 from Section 1.4:

Vebeam = 242.5kN

Design applied moment:

Mg = eXVgipam = 0281x2425 = 68.1kNm

This moment is shared between the upper and lower storeys, in proportion to

1 I
the values of (L)l and (L)u

T 11 400 x 10* 285 % 104
(L)] T 4000 T e
1 48 500 x 104 12.1 104
(L) T 4000 .
R distributed to th | 2.85x 68.1
. moment distributed to the upper column = 2——.85 121
= 13kNm

Check whether this moment will induce any tensile forces in the splice.

Minimum compressive axial force in the column (permanent action only):
Ngg = Yot Gk
where  yg,; = 1.00

Ny, = 100x425 = 425kN

Tension will occur if:

Mg/h > Ng/2

where h can be assumed equal to the depth of the upper section
M/h = 13.0/0.254 51.2 kN

Ng/2 = 42502 213 kN

ie > 51.2kN

The splice therefore remains wholly in compression for all combinations of
normal gravity loading.

The whole of the compressive force is transferred directly through bearing at
the end of the column sections, and consequently the flange cover plates and
associated fasteners are not required to carry load. Such connection elements
are nevertheless essential to ensure a continuity of major and minor axis
column stiffness. The plates should therefore have I, not less than 11 400 cm*.
Inspection shows that this requirement has been satisfied.

satisfactory.

Design shear force:
Veo = Y6 G+ 70 Q
135x10+15x10 = 28.5kN

I

References

NAD B.5

NAD Table 1

6.8.2 (2)
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The splice must be capable of resisting a minimum force, acting in any
direction perpendicular to the member axis, equivalent to 2.5% of the axial
force in the column.

Maximum force = 0.025 x (1.35x 425 + 1.5 x 248)
= 23.6kN,ie < 285kN
design shear force = 28.5kN
Although much of this shear force will be transferred by friction between the
two sections, it is good practice to provide cleat fixings to the column webs to
assist in the frame erection. It is evident by inspection that the fixings

provided will be sufficient to resist this force.

satisfactory.

References
6.8.2 (3)

1.11.5 Check the integrity of the connection
It is a requirement in the UK National Application Document that

column splices in ‘tall’ multi-storey buildings must be capable of resisting
a tensile force based on the loading on the floor below.

Total ultimate load transferred to column C2 at level 2, from Table 9:

135G, +152Q,

il

1.35x134 +1.5%x141 = 392kN

il

design tensile force = 2/3x392 = 261.6 kN

Inspection shows that the critical condition is the shear resistance of the bolts
when reduced to take account of the packing plates, as already discussed.

Assume the tensile force is resisted by the flange plates only.

shear per bolt:
F,o = 261.6/12 = 218kN

0.6f, A,
l:v.Rd = Y
Mb
where v, = 135
fop = 800 N/mm?
A = 245 mm?
F 0.6 x 800 x 245 §7.1 KN
VRO 135%10° -

Packing plate thickness, t, > d/3
Therefore reduce shear resistance for fasteners passing through packings.

9d

Reduction factor, f3 PO
P 8d+3t,

butf, < 1

where d is the bolt diameter = 20mm

t, is the packing thickness = 55mm
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Table 6.5.3

NAD Table 1
Table 3.3

6.5.12
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B 9x20 0.55
P T 8x20+3x55
reduced bolt resistance:
ﬁp Forg = 055x871 = 479kN

ie > F,q(21.8kN)

satisfactory.

References

6.5.12 (1)

1.11.6 Design procedure using the concise document (C-EC3)’
This example can also be designed using the concise version of Eurocode 3.

In this instance, the design checks for C-EC3 are exactly the same as those

for the Eurocode itself.
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1.12 Column base-plate (C3)

A base-plate will be designed for column C3 as indicated in Figure 1.

1.12.1 Initial design information
Column section: 356 x 368 x 153 UC

References

Material strengths:  Steel grade Fe 430: f, = 275 N/mm? Table 3.1
Concrete (EC 2) grade C35/45: f, = 35N/mm?
Grout fo e = 12 N/mm?
Note Classification C35/45 refers to cylinder/cube strength.
Loadings
The characteristic axial loads on column C3 are shown in Table 9 in Section 1.11.
Characteristic axial:
Variable action:
Axial force in column C3 (ground to 1) Ny, = 06x14309 = 859kN
(The variable action incorporates a reduction of 40% because of the number
of floors which are supported.)
Permanent action:
Axial load in column C3 (ground to 1) N,, = 1715.7kN
Characteristic shear:
The base shears resulting from the nominal moment induced in the column by
the plate girder at level 1, are:
Due to variable action Vig = 6793x(0.1+0.181)x0.56/4 = 27 kN
Due to permanent action  V,, = 8312 x(0.1+0.181)x0.56/4 = 33kN
where 0.56 allows for the distribution of the moment between 1st and 2nd floors
Foundation details
The column is supported concentrically on a 2100 x 2100 x 750 mm deep
reinforced concrete pile cap.
Notes
@ It will be specified that the column end shall be sawn cut square for tight
bearing contact with the base-plate. Welds will not, therefore, be required to
transmit axial compressive forces between the column and the base-plate,
but welds will be provided to hold it in place and to resist the shear force.
® The column base-plate is not situated in a potentially corrosive environment. It
is not necessary therefore to provide an all-round seal weld.
1.12.2 Design loading
Design compressive force:
Ngg = 135N, +15N,, 233
= 135%x17157+1.5x859 = 3605kN
Design shear load:
Vg = 135V, +15V,, 233

= 135x33+1.5%x27

85.0 kN
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1.12.3 Axial resistance
Following the procedure in Annex L of Eurocode 3:

Column flange thickness, t, = 20.7 mm

The thickness of the base-plate should not be less than the thickness of the
column flange.

Use a base-plate, thicknesst > t;

~ ie 25 mm (say).

Determine the maximum potential effective bearing width, ¢, of the plate.

£ 0.5
c = t|——
3ijM0

where the bearing strength:

fi= Bkt
where f, = f,/y, = 3515 = 23 N/mm? (for C35/C45 concrete)
B = 067 fgkLube >0.2 fck.cube
e grout thickness < 0.2 x 550

k. is the concentration factor

(3 b0
- (&)

References

NAD 6.1.6 a)

Annex L.1(3)

Annex L.1 (6)
NAD 6.1.6

Annex L.1 (6)

Annex L.1(7)
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Figure 25 gives a view of the base-plate on foundation,

where a = b = 550 mm (say)

2100
|
a=550
0
8 18 _
~ &

b, =775

a, =775

o ||

Figure 25 Plan view of base-plate on foundation (dimensions in mm)

Note A 550 mm base-plate has been selected to provide adequate room for
locating the holding-down bolts.

a, = lesserof:
a+2a = 550+2x775 = 2100 mm
5a = 5x550 = 2750 mm
a+h = 550+750 = 1300 mm

a, = 1300 mm

As the foundation and concentrically placed base-plate are both square, it is
evident that:

b, = a, = 1300 mm

. 1300 x 130005 536
i 7| 550 %550 oo

Note It is suggested in Eurocode 3 that to avoid these calculations a value
of k; = 1.0 can be used. It is evident, however, that this is a highly

conservative simplification in many cases.
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£ = 0.67x236x23 = 36.4N/mm?
f, = 275 N/mm? (t < 40 mm)
Yo = 1.05

275
¢ = 25|\ —————=
(3 x 36.4 x 1.05

Figure 26 shows that the effective area of the base-plate is based on a
cantilever projection of 38.7 mm from the column. The bearing stresses are

therefore distributed in an I-shaped profile. This differs from the approach in
British Standard BS 5950: Part 1, in which the bearing stresses are assumed

05
J = 38.7 mm

to be evenly distributed over a rectangular profile!3.

550
38.7 370.2 38.7
]
~
o}
™
o o N
o © 178.8 g %
N~
o}
[ap]
447.6

Figure 26 Area of plate effective in resisting axial compression (dimensions in mm)

Effective area, A

Design bearing pressure

Bearing strength =

ie > 329 N/mm?2

satisfactory.

= (362.0 +2x38.5) (370.2 + 2 x 38.5) 2 x 243.6 x 178.8

= 109.2 x 10°* mn¥

Nsa
Aeff

3605 x 103
109.7 x 103

f, = 36.8N/mm>

= 329 N/mm?

References

Table 3.1
NAD Table 1

BS 5950: Part 1: 1990
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1.12.4 Shear resistance

Where the applied shear force is less than 20% of the applied vertical
load, no special provisions are necessary for the transfer of the shear load

from the base-plate to the foundation!“.

References

Ng, = 3605kN .. Ng/5 = 02x3605 = 721.0kN
Vg = 85kN
ie < 721.0kN
satisfactory.
1.12.5 Determine plate dimensions
Minimum width of plate required = b+2c
= 3702+2x385 = 447.2mm
Minimum depth of plate required = d+2¢
= 3620+2x385 = 439.0 mm

but a dimension of 550 mm is needed to accommodate the holding-down

(HD) bolts,

use a 550 x 550 x 25 mm thick grade Fe 430 base-plate. (See Figure 27.)

1.12.6 Welding requirements

The plate and column are in tight bearing. There is, therefore, no need to
check the ability of the weld to transmit axial loads. However, sufficient weld
should be used along the web of the section to allow the safe transfer of the
applied shear force. In the case of the flanges, these will be provided with a
full length weld on the outer face, in accordance with good detailing practice.

Vg = B85kN
Weld shear strength:
fl.l
fvwd =
: B Yot < V3
f, = 430N/mm? grade Fe 430
B, = 085 grade Fe 430
Yvw = 1.35 grade Fe 430
f 430 216.3 N/mm?
= - = 3 m
wd T 0,85 % 1.35 x V3 m
Using an 8 mm fillet weld:
Throat thickness,a = 0.7x8 = 5.6mm
Resistance of weld/mm:
Fora = fuwqa = 2163 x5.6 =
leneth of weld ed 107.1 x 103
ength of weld require ’1‘21 105

72

1.21 x 103 N/mm

= 88.5mm

6.6.5.3 (4)

Table 3.1
6.6.5.3 (5)
NAD Table 1

NAD 6.1.4 g)

6.6.5.3 (3)



References
Note There is no reduction in Eurocode 3 for weld runs which are ‘not returned’. 6.6.5.1 (1)

Instead, only the length of full-size fillet is measured. It should be noted 6.6.5.1(2)
that the minimum such length is 40 mm or six times the throat thickness.
Use a 100 mm run of 8 mm weld on each side of the column web.

Total weld run = 200 mm,

ie > 88.5mm

satisfactory.

1.12.7 Design summary

(Figure 27)
8
50
3 1: *T_ A T
: . 14— Grout hole
— 550 x 550 x 25 thick
i o ‘Y_ i grade Fe 430 plate
0 &0 e . . —
[=) N N4
n
Return 4*_ \
ends of N 8
weld \\ | ;9‘

*,Ei)r-
e
|
A

50 \ 8

Four M24 grade 4.6
HD bolts

| 450 |

| =

Figure 27 Summary of base-plate details (dimensions in mm)
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1.12.8 Design procedure using the concise document (C-EC3)’
This example can also be designed using the concise version of Eurocode 3.

The procedure is similar to that given in the Eurocode itself, except for the
following checks in which a simpler procedure is used.

Welding requirements

In C-EC3 the calculation of f, has been replaced by a table of design strengths.
Vg = 107.1kN
Steel grade Fe 430

f = 216 N/'mm?

vw

Using an 8 mm fillet weld:
Throat thickness,a = 0.7x8 = 56mm
Fura = L2

vw

= 216x5.6 = 1.21x10° N/mm?

1 h of weld ired M 88.5
ength of weld require = Toxie - 5 mm

Use a 100 mm run of 8 mm weld on each side of the column web.
Total weldrun = 200 mm,ie > 88.5mm

satisfactory.

References

C-EC3 Table 6.10

C-EC36.6.5.3
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Example 2
Design of continuous multi-storey frames

Introduction

This example covers the design of a 2-storey rigid frame for the sway failure
mode, by considering the vertical load to act in conjunction with the
horizontal loading, including the effects of sway imperfections. The second-
order effects associated with sway deformation are also considered.

Although not included in this example, sway frames should first be checked
for the non-sway failure mode, using appropriate buckling lengths for the
columns under the most unfavourable loading conditions, including pattern
loading.

For the purposes of this example, all the beams are 610 x 229 x 113 UBs, and
all columns are 305 x 305 x 158 UC sections .

Internal forces and moments are determined from an elastic global analysis of
the structure. Frame imperfections are considered in accordance with the
requirements of Eurocode 3: Part 1.1. All joints in the frame are rigid, apart
from the feet, which are assumed to be pinned.

Plastic analysis
This frame could be analysed for the sway mode using plastic methods, but
has not been, for the following reasons:

® The plastic moment resistance of the columns depends on, and is sensitive
to, the axial load in the columns, which means that iteration is necessary.

® The amplification effects resulting from the sway behaviour of the frame
depend upon the sizes of the members

® One of the advantages of plastic analysis is normally that it is possible to
select the member sizes after completing the analysis, but for a sway frame
this advantage is lost.

If the frame were to be braced against side-sway, then simple plastic analysis
would be the quickest method of designing the frame as a continuous
structure.

Analysis of the frame

The frame may be analysed using any suitable method, including hand
methods, to determine accurately the resulting actions and deflections.
Normally, for frames of this complexity, an analysis would be undertaken
using a computer program. For the purposes of this example, a linear elastic
analysis is used. Most programs will also check the stability of the structure
during analysis, but in this example the stability has been checked by hand to
demonstrate the rules in the Eurocode.

References
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2.1 Frame geometry, loading and analysis
The example is based on a typical frame, taken from the centre of a long
building, shown in the cross-section in Figure 28 and part-plan in Figure 29.

A Roof
. '
I I I I I EIF
4000
1st floor
Y
1 1 1 1 1
internal column
j)r design 4300
A<
r L. All bases taken as pinned PN _,L__
Section A-A
10 000 7500
Figure 28 Section through building showing rigid frame (dimensions in mm)
7500
2 ol m 3 ] — I -
7500
e ...LL. 1
7500

Figure 29 Part-plan showing layout of floor beams (dimensions in mm)

Apart from the provision of moment-resisting connections instead of cross-
bracing, the form of construction is similar to that given in Example 1, with
the secondary beams having the same loading and size as those given earlier.
The remainder of the loading is similar to that in Example 1, except that the
wind is taken as having a dynamic pressure of 0.45 kN/m? and the coefficient
C,is taken as 1.1.
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In this example, both lateral wind loads and gravity loads are acting on the
frame. These must be combined. In principle, the wind load and the gravity load
should each be treated in turn as the dominant load, and the worst case derived
from an analysis of the structure. In practice, it will be found that for low-rise
structures the gravity loading will dominate the design. This will, therefore, be
taken as the dominantloading in the analysis which follows. It is assumed that
the designer will also carry out the checks needed for serviceability.

References

2.1.1 Frame imperfections

Imperfections in the frame are considered by taking a closed series of
horizontal forces on the frame, derived from the imperfections, which are not
to be included in the net shear applied to the foundations. The imperfections
are derived from the following formula:

¢ = kko,

where k. = (05+1/n)5 butk, < 1.0
n. is the number of full-height columns per plane = 3
k; = (0.2+ 1Un)0s
n, is the number of storeys in the structure = 2
¢, = 1/200
k., = (0.5+1/3)05 = 0913
k., = (02+1/72)05 = 0.837
¢ = 0913x0.837200 = 1/262

The horizontal load at each point in the structure should be derived from
the design vertical load multiplied by 1/262.

5.2.4.3 (6)

5.2.4.3 (7)

2.1.2 Summary of loading

The characteristic and design values of the loads are summarised in Table 10.

Table 10 Vertical loads (kN)

Design 0.9 design*

Load YF (kN) (kN)
Roof level
Edge beams:
Variable actions 1.5%2.512x%x75 = 141 1.50 211 19.0
Permanent actions 5x2.5R2 %175 = 469 1.35 63.3
Internal beams:
Variable actions 1.5%x2.5%x75 = 281 1.50 422 38.0
Permanent actions 5x25x%x75 = 93.8 1.35 126.6
Floor level
Edge beams:
Variable actions 5%x2.5/2%7.5 = 469 1.50 70.4 634
Permanent actions 3.7%x252x175

+0.8x4x%x75 = 587 1.35 79.2
Internal beams:
Variable actions 5x25x%x75 = 938 1.50 140.6 126.5
Permanent actions 37%x25%x75 = 694 1.35 93.7

* This column is for use with formula 2.12 covering the simplified load combinations.
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The design values of the wind and equivalent horizontal loads are
summarised in Table 11.

Table 11 Horizontal loads and equivalent horizontal forces (kN)

References

Vertical Horizontal 0.9 horizontal*
Location (kN) (kN) (kN)
Roof
Variable actions 21.1x2+422%x6 = 295.4 1.13 1.02
Permanent actions 63.3x2+1266%x6 = 886.2 3.38
Wind 6.75 6.08
Total 11.26 10.48
Floor
Variable actions 352%x2+1406x6 = 914.0 3.49 3.14
Permanent actions 792x2+937x6 = 7206 2.75
Wind 13.50 12.15
Total 19.75 18.04
* This column is for use with formula 2.12 covering the simplified load combinations. 2.33.1(5
2.1.3 Load combinations
Loads should be combined to give the most unfavourable effects on the
various parts of the structure, assuming reasonable load patterns. Typical
layouts which give the most critical cases are shown in Figure 30 for the
vertical loads.
X X
X X
. 1.35;v,= 0.0
X 'YG= R ; ’YQ: .
Vo= 1.35,v,=1.5
X Point where critical moment will be found
t Point where critical axial load in column will be found
These load patterns do not necessarily determine the critical
case for moments in the columns
Figure 30 Loading patterns for full analysis
For each load case the imposed floor, imposed roof and the wind load can, in
principle, be taken as the dominant action in turn. For each of these
conditions the wind loads and loads from the frame imperfections should be
considered as either acting from the left or acting from the right.
This would give atotal of 5x3x2 = 30load cases
This is clearly not a practical proposition for a frame of any complexity. 2.3.3.1(5)

Eurocode 3 therefore gives an alternative load case which may be used for
practical design. It allows a single load combination to be considered for each
group of loading, and a reduced combination factor for multiple loading
cases. These simplified combinations are used in the example.
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The following load cases will be considered:

Dead load plus wind and imperfections acting to the right

Dead and 0.9 x all imposed loads plus wind and imperfections acting to the right
Dead and full imposed floor loads and imperfections acting to the right

Dead and full imposed roof loads and imperfections acting to the right

Dead load plus wind and imperfections acting to the left

Dead and 0.9 x all imposed loads plus wind and imperfections acting to the left

Dead and full imposed floor loads and imperfections acting to the left

X NN N AW N

Dead and full imposed roof loads and imperfections acting to the left

When considering the effects of vertical load it will be found that a frame with
the asymmetry present here will naturally sway to the right: this may be used
to reduce the number of cases considered.

References

2.1.4 Sway stability check

The stability is investigated by checking whether the loading on the frame is
less than 10% of the elastic critical load (V¢,/V,, < 0.1). In the event of this
being greater than 0.1, the frame is defined as a sway frame and must be
checked accordingly. If the frame is not a sway frame, the forces may be
taken directly from the elastic analysis, and the effective lengths of columns
may be determined from Figure E.2.1 of Eurocode 3: Part 1.1.

To determine the value of V,/V . the code gives the following relationship:
Vi/V, = (&/h) (V/IH)

where  §is the horizontal displacement of the top of the storey, relative to
the bottom of the storey, from both vertical and horizontal loads

h is the storey height

H is the horizontal reaction at the bottom of the storey including
applied and notional actions

Vs the total vertical reaction at the bottom of the storey

Note V¢ /V,, is the reciprocal of the critical load factor, A, , used in

British Standard BS 595013. However, the methods for calculating
the ratio are different.

In BS 595013, & is defined as the displacement from horizontal loads only. The
codes therefore give similar results for symmetrical frames with symmetrical
loading, because in these situations there are no horizontal displacements
from vertical loads.

For asymmetric frames or asymmetric loading, the difference can lead to
much heavier sections being required using Eurocode 3. For this example,
the Eurocode 3 definition leads to 305 x 305 x 158 UC grade Fe 430
columns, while the British Standard BS 5950'3 definition would have

led to 254 x 254 x 107 UC grade Fe 430 columns.

The Eurocode 3 definition will be reviewed during the ENV period, as it is
believed to give conservative results for asymmetrical frames. This example,
however, uses the current definition.

Figure E.2.1

5.2.6.2 (6)

BS 5950: Part 1: 1990
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The sway check information is tabulated in Table 12.

Table 12 Sway stability check

3 v H
Case Storey (mm) (kN) (kN) 8/h* VMH Frame type

1 Top 2.5 886.2 10.1 0.05 Non-sway
Bottom 49 1606.8 264 0.07

2 Top 35 11522 10.5 0.10 Sway
Bottom 6.5 2758.6 28.5 0.15

3 Top 2.6 886.2 3.4 0.17 Sway
Bottom 3.8 2591.2 9.6 0.24

4 Top 23 1181.6 4.5 0.15 Sway
Bottom 2.0 1902.2 7.3 0.12

5 Top 0.6 886.2 10.1 0.01 Non-sway
Bottom 34 1606.8 26.4 0.05

6 Top 1.6 11522 10.5 0.04 Non-sway
Bottom 2.7 2758.6 28.5 0.06

7 Top 2.0 886.2 34 0.13 Sway
Bottom 0.9 2591.2 9.6 0.06

8 Top 1.6 1181.6 4.5 0.11 Sway
Bottom 0.7 886.2 7.3 0.02

Height of top storey, h = 4000 mm
Height of bottom storey, h = 4300 mm

In checking the members for load cases 2, 3, 4, 7 and 8, the effects of sway
must be considered. In all other load cases the frame is not considered
sensitive to sway, and the forces on the members may be taken directly from
an elastic analysis.

To check the frame for sway, the Eurocode gives three methods. These are:

® The use of rigid plastic analysis, which will require a computer capable of
carrying out the stability checks (This method will not be given here.)

o First order elastic analysis, with amplified sway moments

@ First order elastic analysis, with sway mode buckling lengths
In this example the second method is used.

This approach may be used for frames, provided that the value of
Vo./V, < 0.25, which is the case in this example.

For this method the sway moments are amplified and added to the remainder
of the moments in the frame. The sway moments result from horizontal
applied loads, equivalent horizontal forces and the effects of sway if the frame
or the vertical loading are asymmetrical.
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The amplification factors for each load case are given in Table 13.

Table 13 Amplification factors (o)

1
Load case Vea/Ver o= Vs Ver

1 0.07 -

2 0.15 1.18
3 024 1.32
4 0.12 1.14
5 0.05 -

6 0.06 -

7 0.13 1.14
8 0.11 112

The horizontal loads and equivalent horizontal forces may be obtained from
Table 11. The appropriate value of the amplification factor a should be
obtained from Table 13.

The sway moments due to asymmetry of the frame or the vertical loading can
be accounted for by proceeding as follows.

(1) Analyse the frame under the vertical loading only, with the floor levels
restrained against lateral movement, and determine the lateral reactions
at those restraints.

(2) Analyse the frame (without the floor levels restrained against lateral
movement) under the following loads:

® the vertical loads;

@ the sum of the applied horizontal loads and the equivalent horizontal
forces, all multiplied by o; and

@ a series of lateral forces equal and opposite to the lateral reactions
found in (1), multiplied by (o —1).

References
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2.2 Beam design
The beam sclected in this example is the 10 m span beam on the first-floor
level, shown in Figure 31, with the final design moments.

From the analysis, load case 3 is the most critical load case for this beam, and
Figure 31 shows its bending moment diagram.

To design the beam, the maximum moments and forces should be determined

and the member checked to ensure that its resistance is adequate. This will
involve checking the moments at the supports and mid-span of the section.

—412

N\
\+58;/
\J
+649

Figure 31 Beam moments for design (kNm)

Eurocode 3 allows the designer to modify the moments by redistributing up to
15% of the peak moment in a member, provided that the sections are at least
class 2 and that equilibrium is maintained. For members of the uniform cross-
section, the general effect is to reduce the moments at the supports and
increase those in the span, but it is illogical to reduce the support moment to
the extent that the increased span moments exceed the reduced support
moments. In this case the right-hand support moment is reduced by 15%, but
the left-hand support moment is not the pecak moment so cannot be reduced.
Table 14 shows the values for the adjusted moments.

Table 14 Momenfs on beam

Load Axial M, Mg M My, Mg
case (kN) (kNm) (kNm) (kNm) (kNm) (kNm)

3 135 -412 393 583 160 -878

Adjusted 412 426 649 259 -746
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Following the adjustment all shear forces and axial forces must be
recalculated to maintain equilibrium. In this case, the axial force in this beam
is assumed to be unchanged.

The beam will be checked for the adjusted moments and a tensile force of

135 kN. In this frame the floor beams are in tension and the roof beams are in
compression. It is essential that the designer check the type of axial force in
the member. The maximum shear is taken as 415 kN, the maximum from any
of the load cases, and is not normally critical. If the maximum shear were high
enough to reduce the moment resistance of the section, a more detailed
analysis using the actual moments and shears at coincident points should be
undertaken.

References

2.2.1 Properties of the selected section
The selected section, which was used for the analysis of the frame, is a
610 x 229 x 113 UB grade Fe 430, with the following properties:

h = 6073 mm b = 2282mm
t, = 11.2mm t; = 17.3mm
d = 5473 mm dit, = 489
cty = 6.60 Wy = 3290 cm?
Wy = 2880 cm3 i, = 246 mm
i, = 488mm A = 14400 mm?
iir = 555mm ajr = 1630 mm

Note All these parameters can be obtained from Eurocode 3 section tablesS.

Material properties
The flange thickness is less than 40 mm,

f = 275 N/mm?

y

2.2.2 Section classification

The section is in tension and bending. It will be checked as though there were
only bending present. This is slightly conservative in this case. It should be
noted that the section is in an elastically designed frame, with moment
redistribution. This means that the section must be at least class 2.

e = (235405 = (2352755 = 0924

(a) Flangecheckc/t; = 6.6
10e = 10x0924 = 92 > 6.6

(b) Web check d/t,, 48.9
72e = T72x0924 = 66.5

1l

v

48.9

all elements are class 1.

5.3

Table 5.3.1
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2.2.3 Shear resistance
Maximum shear on the section at any point for all load cases is 415 kN.

The shear area A, may be calculated in two ways, the simplest method being
slightly conservative. As the effects of shear on the web are normally not a
design limit, the simpler method may be used, as in this example.

Sheararea A, = 1.04ht, = 1.04x607.3x11.2 = 7074 mm?
A, (£ N3)

. _ Y
Shear resistance V szq =

Ymo
7074 (275V3)

= W = 1070 kN

Ve/Vopa = 4151070 = 0388

As this is less than 0.5 it will have no effect on the moment resistance
of the section.

satisfactory.

References

5.4.6 (2)

5.4.6 (2)

5.4.6 (1)

54.7 (2)

2.2.4 Resistance of cross-section

In this case the floor provides no restraint to the top flange, and the critical
section is that between D and E in Figure 31. This section has the highest
moment on the beam and is the critical length in this example. However, in
practice any other length that may be critical should also be checked. In this
case the length B-C has a less favourable shape of bending moment diagram
and is almost as critical. It has already been shown that the maximum shear
on the section will not affect the moment resistance, so this will not be
considered further.

The section has a tensile force, as well as the moment. This is relatively small
and its effect will be checked first.

Eurocode 3 states that the axial load need not be considered as making a
significant reduction in the resistance moment of a class 1 or class 2 cross-
section, due to strain hardening, as long as two conditions are satisfied. These
are (1) that the axial load be less than half the axial resistance of the web, and
(2) that the axial force be less than a quarter of the axial resistance of the
whole section. These two conditions will be checked.

(1) Axial resistance of the web = ht /v

275 %x607.3 x 11.2 SLEN 135 KN 1781 N
- 1.05 x 103 - S 2

(2) Axial resistance of the section = f, Alyy,

275 x14400 3771kN  135kN SN
1.05x 10 < Ty

As a result, the effects of the axial load need not be considered further.

5.4.8.1(3)

2.2.5 Resistance of member
The moment resistance of the member, allowing for lateral torsional
buckling, must now be determined. This requires the determination of x,

using A, rand curve a in Table 5.5.2, where ¢ is calculated from A, ;.
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y = -259/746 = -0347

C, = 1.88-1.40x0.347 +0.52 x 0.347
C, = 2429

Lfi ¢

(L/aLT)ZT-ﬁ
0.5 _—
(€) [“ 25.66

2500/55.5

References

Equation F.3

Equation F.15

T o [1 (2500/1630)2:l°-25 = 283
AT 2566
XLT = Mg/A (Bw)?? 55.2(5)
where A, = 939e = 939x0924 = 868
Ao = 283/86.8 = 0.326
If A, < 0.4,theny, . may be taken as 1.0. 5.5.2(7)
The member will therefore have a resistance equal to the full resistance
moment of the cross-section.
275 %3290
Myre = £, Woltwe = T05x10° = 862 kNm 5451 (1)
This is greater than the maximum applied moment (Mg, = 746 kNm) on the
length D-E. (As already noted, the length B-C should also be checked in
practice. See Figure 31.)
2.2.6 Deflection
From the elastic analysis, the maximum deflection under ultimate load is
20.4 mm from load case 3.
Deflection 204 1
Span 10000 490
Comparing this ratio to the recommended values for vertical deflection in Table 4.1

Table 4.1 of Eurocode 3: Part 1.1, shows by inspection that there is no need to
consider serviceability loads and deflections.
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2.3 Column design

2.3.1 Actions

The maximum axial forces and moments occur in the centre column and are
from load case 6. Figure 32 shows the distribution of axial force and major
axis moments in the centre column.

138 kNm 664 kKN
2nd floor
299 kNm 1552 kN
1st floor
143 KNm
Ground floor
Moment Axial force

Figure 32 Distribution of forces in the centre column

The maximum shear in the column is 132 kN.

References

2.3.2 Section properties
Check 305 x 305 x 158 UC grade Fe 430.

h = 3272mm b = 3106 mm
ty, = 15.7mm t; = 25mm
r = 152mm d = 246.6 mm

dit, = 157 cty, = 621

A = 201cm? W, = 2680cm?

We, = 2370 cm? i, = 139cm

i, = 7.8%cm i+ = 840mm

ajr = 869mm

Note All these properties, including i, ; and a; ; , can be obtained from
Eurocode 3 section tables>.

Material properties
tyandt, < 40 mm

fy = 275 N/mm?

Table 3.1
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2.3.3 Section classification
. B (@)0.5
fy

235 0.5
- (—) ~ 0924

275
33e = 33x0924 = 305 = 157
10e = 10x0.924 = 924 > 621

all elements are at least class 1

cross-section is class 1.

References

5.3

Table 5.3.1

Table 5.3.1 (Sheet 1)
Table 5.3.1 (Sheet 3)

2.3.4 Check shear

A, = A-2bt+(t,+21)t 5.4.6 (2)
= 20100-2x310.6 x25.0+ (15.7+2x15.2) 25.0
= 5722 mm?
A, £ N3
p/Rd = 54.6 (2)
Tmo
5722 x 27513 965 kN
T 1.05x103
Vg, = 132kN
Vg 132
o = .- = 0153 < 05 54.7 (2)
V o rra 865 (
no reduction need be made to the moment resistance of the section.
2.3.5 Resistance of the cross-section
Local resistance, bending and axial force 5.4.8.1
For class 1 and class 2 cross-sections the criterion to be satisfied is:
Mgy < My ra
for standard rolled sections
Do 12 X 10° 0.295 5.4.8.1 (4
T Nyme | 200x10°x2751.05 481

Mygg = 111 (1-0) M,y

2680 x 10° x 275

= 1.11 x(1-0.295) x 105

= 549 kNm
This is greater than the applied moment (299 kNm),

satisfactory.
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2.3.6 Flexural buckling

Centre column: ground floor to 1st floor
The section should satisfy the following criterion:

NSd 4 ky Mv‘Sd
Xmin A fy/’YMl wp/.y fy/’YMl

1.0

To calculate ;.
Xmin 1S the lesser of x, and y,, where y, and y, are the reduction factors from
clause 5.5.1 for the y-y and z-z axes respectively.

Determination of ¥,
The reduction factor k, depends on the slenderness about the y-y axis. The
effective length in the plane of the frame is taken as the system length.

4 = L = 4300mm

A, = £fi, = 4300139 = 309

A = 9e = 868

A, = AJAxBLOS = 309/868x1.005 = 0.356

From Table 5.5.3 use buckling curve b.
xy = 0.945

Determination of ¥,

It is assumed that the frame is braced out of plane and that the connections of the
secondary beams have sufficient stiffness to limit the rotation of the columns
about their weak axis. The buckling length may be taken as 0.85 x system length.

4 = 085%x4300 = 3655mm
A, = 4, = 3655/78.9 = 463
A, = AJAXPBLOS = 46.3/86.8 = 0.534
Using curvec, yx, = 0.824
Ymin = x, = 0.824
To calculate k
N
k, = 1- Bl o s
Xy AL
W, -W
= ~ y ~ Wety
By = A, 2Byy-4)+ W, < 09
Bvy = 18-07wy
y =0
Buy = 1.8
2680 — 2370
by = 0356(2x1.8-4)+ T o370 o -0.0116
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55.4

55.4(1)

5.5.1.2
5.2.6.2(7)

5514

Table 5.5.3

Table 5.5.2

551

NAD 6.1.3 d)

Table 5.5.2

5541

Figure 5.5.3



. . —0.0116 x 1552 x 103 035 (<15
Y T 0.945x201 x102x275 (<1.5)

NSd ky My.Sd < 1.0

+
Kmin A fy/'YMl Wp/ﬁy fy/’YMl

1552 x 103 1.035 x 299 x 10¢
0.824 x 201 x 10? x 275/1.05 " 2680 x 103 x 275/1.05

satisfactory.

080 < 1.0

References

2.3.7 Lateral torsional buckling

Class 1 and class 2 cross-sections should satisfy the following criterion:

Ngq + ki Mygq
XA fy/ Y Xir Wy fy/ v

v =0 C, = 1879
4300/84.0
= TR = 316
Lo 1. (BO509KT
Mr o= Malh = 31.6/86.8 = 0364 < 04
Xr = 10

To calculate k

N
k. = (oM fNse oy
X ATy

where U = 015 A,Byir—-015 < 090

Buir = 18-07y

y =0
S Burr = 18
Uy = 0.15%x0.533%x1.8-0.15 = -0.0061

. . —0.0061 x 1552 x 103 oo
LT T T 0824 %201 x102x275

k, = 10
Ngq ki r My gq 1.0
X AL Ma X Wy B/
1552 x 103 1.0 x 299 x 10¢

0.824 x 201 x 10? x 275/1.05 " 1.0 x 2680 x 103 x 275/1.05
0.784 < 1.0

= 0.784

55.4(2)

Figure 5.5.3
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2.4 Design procedure using the concise document (C-EC3y
The two-storey frame example can also be designed using the concise version

of Eurocode 3. The design is essentially the same as that in the Eurocode.

However, in the following design checks the procedure in accordance with

C-EC3 is simpler.

References

2.4.1 Frame imperfections
In C-EC3 the initial sway imperfection factor, ¢, is obtained directly from a table:

Number of columns, n, = 3
Number of storeys, n, = 2
¢ = 1/260

Note This compares with 1/262 obtained using the formulae in the Eurocode.

C-EC356.24.3

C-EC3 Table 5.3

2.4.2 Continuous beam

Resistance of cross-section
C-EC3 uses a simplified conservative expression which alleviates the need to
calculate the web/section area ratio, a.

From the above calculations:

14 400 x 275

Npma = Al 1.05 x 103

3770 kN

n = Ng/N g = 2003770 = 00531

For rolled I or H sections subjected to major axis moment:

Myyra = 1My (1-n)butMygg < My,

3290 x 10% x 275

Moty = Wosy Lo 1.05 x 106

= 862kNm

My, rs = 1.11x862(1-0.0531) = 906 kNm
ie > My,

Myra = My, = 862kNm

Myyra > Mgy (746 kNm),

satisfactory.
Lateral torsional buckling
For completeness, the lateral torsional buckling resistance of the member will

be checked in accordance with the simple procedure in C-EC3.

For lateral torsional buckling:

Ngo/Ny ra + Mysa/Mypa < 1.0

90

C-EC356.1

C-EC3 Table 5.27

C-EC35.6.3.2



As the axial force is tension, this equation can conservatively be taken as:

M, s/Ms ra < 10

Myra = Bwh Wos i
where By, = 1.0

Y = 1.05
Woy = 3290 x10° mm?
k = 1.0 (no fixity)
=746
Yy = 259 = -0.347

o (KIC)PS = 0635

Lfi,
(L/aLT)Z:IOAZS
[1 T 2566
0.635 x 2500/55.5
[ (2500/1630)? ]0-25
25.66

Mr o= (KIC)™x

= 28.2
f, = 275 N/mm?

M, rs = 1.0x275x3290x103/1.05/10¢
= 862 kNm

M, Mypq = 746/362
= 087

ie < 1.0

The lateral torsional buckling resistance of the member is satisfactory in
accordance with the simplified approach in C-EC3.

References

C-EC355.5 (7)

C-EC3 Table 5.22

C-EC35.5.5 (9)

C-EC3 Table 5.18 (a)

2.4.3 Column design (C4)

The procedures for the axially loaded beam can be applied in a similar
manner to the design of the column.
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Example 3
Design of a 30 m span roof truss

Introduction

This example covers the design of single-span roof trusses at 9-m centres.
Lateral restraint is provided by the roof purlins. For the purpose of this
example, the purlins are positioned at node points and are assumed to
provide lateral restraint to the top boom at 3-m centres. In practice, this is not
always possible and the design must then be adjusted accordingly. For the
purposes of analysis it is assumed that all the joints in the truss are pinned.

The outline of a truss, assumed to be symmetrical about the centre line, is
shown in Figure 33.

F F F F
L
: 2 - 19
13 15 17 5
2250 mmL L, 4 5 18 0 3000 mm
6 7 8 9 10

h |

| 30 m span truss (10 x 3000 mm) |

Figure 33 Outline of 30 m span truss

References
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3.1 Truss geometry, loading and analysis

3.1.1 Variable actions

It is assumed® that the roof has no access, apart from maintenance, giving a
characteristic imposed load of 0.6 kN/m2.

The truss will be designed for a vertical uplift of 0.55 kN/m? from wind®.

References

BS 6399: Part 3. 1988

NAD 4
CP 3: Chapter V
Part 2: 1972

3.1.2 Permanent actions

Cladding 0.2 kN/m?

Weight of truss  0.35 kN/m?

Services* 0.05 kN/m?

Total 0.60 KN/m?* (this is the characteristic permanent action®)

* It should be noted that although services are given as a permanent load in
British Standard BS 63998 they need not always be present when considering
wind uplift, and are ignored here in the wind reversal case.

BS 6399: Part 1: 1984

3.1.3 Design actions

Gravity loads

It is assumed that the roof loading is applied at the nodes on the top chord of
the truss. The design loads may be derived as follows:

Variable actions 0.6x15 = 0.9kN/m?
Permanent actions 0.6 x1.35 = 0.8 kN/m?
Total 1.7 kKN/m2

The forces, F, applied to each node willbe 1.7x9x3 = 459 kN.

Wind uplift
It is assumed that the services loading will not be present when there is full wind
causing uplift on the truss. The resulting restraining action will be the

permanent action less the allowance for services = 0.6 -0.05 = 0.55 kN/m?2.
This gives the following loading on the trusses:

Wind uplift = 055x3x9x15 = 2228kN
Restraining permanent actions = 055x3x9x1.0 = 14.85kN

Total uplift on each node 7.43 kN

Table 2.2
NAD Table 1
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3.1.4 Member forces

A detailed method of analysis will not be given for this truss. It is assumed
that this will be carried out by hand, or possibly with the help of a computer.
The member forces are summarised in Table 15.

Table 15 Member forces (compression positive)

Force (kN) Force (kN)

Member Vertical Wind Member Vertical Wind
1 +258 -42 11 -323 +52
2 +432 -70 12 +194 -31
3 +536 -87 13 -223 +36
4 +581 -94 14 +139 -23
5 +575 -93 15 -136 +22
6 0 0 16 +88 -14
7 -258 +42 17 -60 +10
8 -432 +70 18 +40 -6
9 -536 +87 19 +8 -1
10 -580 +94 20 -11 +2

References
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3.2 Design using angles and tees
Design assumptions

® Allow for bolted splice at mid-span.

® Assume that the effective centroids of the sections intersect at a point.

References

3.2.1 Top chord

Design forces compression = 581 kN
Tension caused by wind reversal = 94 kN
Length between restraints = 3.0 m on both axes

Check 191 x 229 x 37 tee grade Fe 430, cut from 457 x 191 x 74 UB.

Section properties

b = 190.5 mm
h = 228.6 mm
t, = 91 mm
t, = 145 mm
i, = 41.9 mm
A = 4750 mm?

Material properties
t <  40mm

-
li

275 N/mm?
430 N/mm?

—r
1]

Section classification

e = V(2351
= V(2351275) = 0924
190.5/2
clty = 145 = 657
15e = 15x0924 = 139

the flanges satisfy the requirements for class 3 elements.

h/t,,
15¢

228.6/9.1
15 x0.924

251
13.9 <251

the stem is a class 4 element.

The section must also be checked for local as well as overall buckling.

Calculate effective section properties
b h for stem of tee sections

228.6 mm

Uniform compression
y = 0,6, = 1

_ bit

o= 28.4 ek,

Table 3.1

53
Table 5.3.1

Table 5.3.1(Shest 3)

Table 5.3.1(Sheet 4)

535
Figure 1.1

Table 5.3.3

5.3.5 (3)

95



where

beff =

Because the flanges satisfy the requirements for a class 3 section, the full

k

= 043

(o]

i}

1

0

p
0

1

228.6/9.1

28.4 x 0.924 xV0.43

1.46

46 -0.22

1.462
582

b
582 x 228.6

33 mm

width of the flange is effective.

The effective section will be taken as formed from two rectangles, as shown in

Figure 34.
Ay = (1905-91)x145+91x133 =
BA = Aeff/A = 3840/4750 =
z, = [(190.5-9.1) x14.52/2 + 9.1 x 133%/2}/3840
= 259 mm from top of section
190.5 |
5L |
<
I — ]
—\. T
\Centroid
8
© -
2]
Q

3840 mm?

0.808

259

Figure 34  Effective section (shaded area not included). For design purposes this has been
taken as two rectangles with no fillets (dimensions in mm)
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9.1

This area not effective
F I due to local buckling
.
&

References

5.5.1.1 (1)



Section in compression

Ny, = 581kN
Resistance of member to buckling is critical.

It is assumed that the buckling length, / = system length between the
nodes of the trusses (L = 3000 mm)

/ = L = 3000mm
A, = {Zi, = 3000419 = 71.6
Note i, is for gross section

A = 939e = 939x0.924 = 86.8

Nad!
|

AN B0 = 71.6/86.8 x 0.80805

0.741

1

Buckling curve c,
x = 0.699

Yy = 1.05

Nyra = XBa A £

0.699 x 0.808 x 4750 x 275
1.05 x 10°

= 703 kN
ie 2 Ng, (581 kN)
satisfactory.
Section in tension

The same section is used for the bottom chord, but under gravity loads it has
a greater tension than the top chord has under wind uplift,

refer to check on bottom chord in tension.

References
5.4.1

551

58.2

55.1.4(3)

5.5.1.2 (1)

Table 55.3
Table 5.5.2
NAD Table 1

5511

3.2.2 Bottom chord
Check 191 x 229 x 37 tee grade Fe 430
Design forces:

Tension 580 kN
Compression 94 kN

Section and material properties
Section and material properties as for top chord.

Section in tension
This member is designed assuming that there will be a bolted splice at the
point of maximum force.

Ng = S580kN

6.5.5
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Check splice
Allow for a bolted splice at midspan (see Figure 35).
Check resistance of M20 bolts, grade 4.6.

A =

S

f =

ub

Mo =

e/3d,

245 mm?
400 N/mm?
1.35

06f, A,
b

0.6 x 400 x 245
1.35 x 103

43.6 kKN
20+2 = 22mm
40 mm for section = 50 for plates

= 0.606 forsection = 0.758 for plates

p,/3d,—1/4 = 0886

f/f,

o

bRd —

1]

= 400/430 = 0930(<1.0)
0.606 for section = 0.758 for plates

25af,dt
YMmb

2.5 x0.606 x 430 x 20 x 9.1
1.35x 103

87.8 kN for stem

2.5 % 0.606 x 430 x 20 x 14.5
1.35x 103

140 kN for flange

for bolts in double shear:

FV.Sd s

2x43.6 = 872kN

The resistance of the bolts is governed by double shear.

228.6

I
175

8-mm splice plates

9.1
i

L

—

=

110
180 \

&

o fil o |
2 ol L
2 A ==
|z

120

o o4 o o
| |
- ol

11
t

190.5 }

18 M20 bolts in 22-mm
diameter holes

Figure 35 Detail of splice showing bolting arrangement (dimensions in mm)
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NAD Table 1

Table 6.5.3

7.5.2 (1)
Table 6.5.3
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number of bolts required = Ng,/F

v.Sd max

580/87.2 = 7 bolts

use 9 bolts to make a symmetrical detail.

To carry the shear resistance of the bolts in bearing,

FV.Rd

minimum plate thickness S5t g

43.6x1.35
2.5 x 0.88 x 430 x 20/10°

3.11 mm
use 8 mm plates as a practical minimum.
Note The NAD states that the bearing stress should be limited to

0.85 (f, + f,)/Yy, to limit deformations. In a truss of this type this
reduction should normally be applied to control the deflection.

Limiting stress = 0.85 (430 +275)/1.35 = 444 N/mm?
Maximum bearing stress (in stem)
5 103
LY X 0 = 354 N/mm?
9 20%x9.1
< 444 N/mm?

Check tension resistance of member
Two checks are required for the tension resistance of the member:

® the resistance of the whole section (N_4z4), and

@ the resistance of the section where bolts occur (N ,).

Resistance of the whole section
NpKRd = A fy/YMO
4750 x 275

= losxie - M

Resistance at bolt holes
Allow for three 22-mm diameter holes at any section.

A = A minus area of all bolt holes

>
Il

4750 -22x(91+2x14.5) = 3910 mm’
1.20

Nu.Rd = 09 Anel flx/yMZ

0.9 x 3910 x 430
= ———— - = 1261kN
1.20x 103

N, gq isthe smaller of N z;and N gy = 1244%kN
> Ny, (580 kN)

satisfactory.

References

NAD 6.1.4 b)

5.4.3(1)

NAD Table 1
54.3(1)
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Section in compression

Ngg = 94kN
Resistance of member to buckling is critical.
Calculate spacing of lateral restraints.

Let Nyra = Ng
Nb.Rd % BA A fy/Yrvn

Nora Yu
BaAf,

94 x 1.05
0.808 x 4750 x 275/103

> 0.094

X =

From buckling curve c, the value of A to give this value of  is 3.01.
A, = AN X P03

Z

A, = A, M/BL0S
< 3.01 x 86.8/0.80803
< 290

Note The NAD requires A, for a member normally a tie to be less than 350.

/ = }\'Z iZ
/ < 290x41.9
< 12151 mm

a minimum of two positions of intermediate lateral restraint are required
to the bottom chord to leave unrestrained length < 12.15.

Check stem splice plates

Area of flange = 190.5x14.5
= 2760.2 mm?
Area of tee = 4750 mm?
area of stemof tee = 4750-2760.2
= 1988 mm?
F in st ft . 088 580 = 243kN
orce in stem of tee = 4750 X =

Net area of stem splice plates 2x8x(175-22)

= 2448 mm?
Resistance of stem splice plates = 2448 x 275/1.05/103
641 kN

641 > 243

satisfactory.
Resistance of stem bolts = 3x872 = 262kN
262 > 243

satisfactory.
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Table 5.5.2

NAD 6.1.3 d)
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Check flange splice plates

Force in flange = 580-243 337kN

Net area of flange splice plates

= 1856 mm?
Resistance of flange splice plates = 1856 x 275/1.05/103
= 486 kN
486 > 337
satisfactory.
Resistance of flange bolts = 6x87.2
= 523kN
523 > 337
satisfactory.

2x8x(70-22) + 8 x (180 - 44)

References

3.2.3 Diagonal brace members
The critical member is that adjacent to the support (number 11).

Design forces

Tension 323 kN
Compression 52 kN

Check 120 x 120 x 10 angle grade Fe 430.

Section properties

h = 120 mm

t = 10 mm

i, = 367mm
A = 2320 mm?

Material properties

t < 40 mm
f, = 275 N/mm?
f = 430 mm?

Section in tension

Ny, = 323kN

Welded end connections:

Effective area = total area of angle with equal legs in tension.

Nira = Np/.Rd = Aerffy/YM()

2320 x 275 608 KN
T 1.05x10? -

Ny, (323 kN)

v

satisfactory.

Section in compression

Ng = 52kN

Figure 1.1

Table 3.1

6.6.10
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Section classification

e = N(235/)

= (235/275) = 0924
nt = 12010 = 120
115e = 115x0924 = 106<120

section is class 4.

Calculate effective section properties

b = h = 120mm

Uniform compression

¥y = oo, = 1
k, = 043
_ b/t
A, = oo
P 28.4 ¢ xk,
120/10
= ——————— = 0697
28.4 % 0.924 x V0.43
_ A —-0.22
For X,>0.673, the valueofp = =
A2
0.697 — 0.22
0.6972 = 0982
b, = pb = 0982x120 = 118mm

Figure 36 shows the effective section of the angle.

10
[‘—

118

. e Centroid

J1O
—‘ 118 !

Figure 36  Effective section (dimensions in mm). The shaded areas are not
included in the effective section

2276 mm?

Ay = 2320-2x11x2

By = Au/A 2276/2320 = 0.981

Considering the angle as two rectangular plates:

10 % 118%/2 + 108 x 1022
Ze T 10x118+108x 10

33.2 mm

1}
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Table 5.3.1

535

Table 5.3.3
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References

Resistance of member to buckling is critical. 5.5.1
/ = L = (30002 + 2250)05 = 3750 mm 5.8.2
583
A, = /A, = 3750/23.6 = 159(<350) 55.14
NAD 6.1.3 d)
A, = /A = 3750/36.7 = 102
A = 939¢ = 93.9x0.924 = 86.8 551.2(1)
A, = AJA BLOS = 159/86.8 x 0.98205 = 1.8 5.5.1.4(3)
A, = AJA, BLOS = 102/86.8x0.98205 = 116
Ay = 035407 X, = 035+07x1.82 = 162
i, = 05+07 X, = 05+0.7x1.16 = 13
Buckling curve c, Table 5.5.3
Amin = X = 0279 Table 5.5.2
Nora = A BaAf/mg 5511
0.279 x 0.982 x 2320 x 275
- 1.05 x 103
= 166 kN
> Ny, (52kN)
satisfactory.
3.2.4 Vertical brace members
Member 12 is the critical section with:
Maximum compression = 194 kN
Maximum tension = 31 kN
Check 120 x 120 x 10 angle grade Fe 430.
Section and material properties
Section and material properties as for diagonal brace members.
Section in compression
Ny = 194kN
Resistance of member to buckling is critical. 5.5.1
The buckling length is taken as the system length
/ = L (2400 mm) 58.2
58.3
A, = YA, = 2400/23.6 = 102 (£180) 55.1.4
NAD 6.1.3 d)
A, = A = 2400/36.7 = 654 '
Ay = AJA BAOS = 102/86.8x0.98205 = 116 5.5.1.4 (3)
A, = A BLOS = 65.4/86.8x0.98205 = 0.747
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bl

e = 035+07 A, = 035+07x1.16 = 1.16
Xeff.z = 05+07 Xz = 0.5+0.7x0.747 = 1.023
Xin = Xv = 0.453 (curvec)
0.453 x 0.982 x 2320 x 275
Nyra = %PaAfvm

1.05 x 103
270 kN

Il

satisfactory in compression and, by inspection, in tension.

References
5.8.3(1)

Table 5.5.2

55.1.1

3.2.5 Design of connection between members 1, 11 and the support

Supporting
column

i B 101 x229x 37T

3000
Two 20-mm diameter bolts

! / in slotted holes
‘ — Lower connection

T~ | P detailed to prevent

t — forces in Member 6
Tee-bolted to face
| L— of column
}_

Figure 37 Elevation of end connection (dimensions in mm)

Force on angle = 323 kN

The connection shown in Figure 37 is to be designed as typical of all the truss
connections. In a full design a similar check would be required at every
connection in the truss.
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To reduce the effects of eccentricity of the welds on the angles, the centroid
of the weld group will be located as near as possible to the centre line of the
members. (This is the designer’s decision, it is not a Eurocode rule.)

For a 120 x 120 x 10 angle this is 33.1 mm from the back. A close
approximation is to make the weld on the back corner four times that on the
toe of the angle.

Assume 8 mm weld:

f,N3 2753 138 N/mm?
a = — = T = miny
By, Yot 0.85x1.35

vw

By 0.85 for grade Fe 430 steel

i

With 8 mm weld throat thickness = 82 = 5.66 mm
F = Af,a = 5.66x138 = 781 N/mm run

vw

323
Length of weld ired = ———— = 414 .
ength of weld require 781 x 103 mm

Length of weld provided = 120+ 241 + 187 +91
= 639 mm

This is more than adequate,

satisfactory.

References

6.6.5.3 (4)

3.2.6 Deflection check

The deflection of a truss with non-parallel booms may be found by hand
calculations (using a unit load), graphically (using a Williot-Mohr diagram) or
by means of a computer analysis.

In this case the deflections were found to be as follows:

o2

With imposed load = 39mm

max

g

= 19 mm

With wind load

jog]

= Omm

ol
1l

-18 mm

The limiting deflections given in Eurocode 3 for a structure not supporting a
brittle finish are:

S < L7200 = 3000/200

max

5

|
I

150 mm

A

L/250 = 3000/250 120 mm

I

The calculated deflections fall within these limits,
satisfactory.

A roof with a fall as steep as this (more than 5%) will not be prone to ponding.

4.2.2

423
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3.3 Design using circular hollow sections
The members of the previous roof truss are here determined assuming that
they are circular hollow sections.

References

3.3.1 Analysis
For trusses composed of CHS members, it is usually more efficient to use gap
joints (see Annex K, Figure K.1).

Assume 1937 x 8 CHS grade 43C for chord members,
114.3 x 5.0 CHS grade 43C for diagonal members, and
88.9 x 5.0 CHS grade 43C for vertical members.

In a design using these members, check whether eccentricities can be
ignored and a simple pin-jointed analysis used.

However, for all hollow section brace members (internal members, such as
diagonals and verticals), the joint resistances must be checked as part of the
member selection process, as well as the basic member resistances.

Check eccentricities of joints
Support joint members 1 and 11
The centroids of the members may be arranged to pass through the welding

of the chord to the plate. This means that eccentricity need not be considered.
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Figure 38 shows support details for members 1, 11 and 6, while Figure 39

shows the top chord

Supporting
column

¢

joint between members 1, 2, 12 and 13.

193.7 x 8.0 CHS

[___, 2900

Boilts in
slotted holes

 114.3x5.0 CHS

| -

YT ®

ee-bolted to face
of column

Free joint to accept
longitudinal movement

Figure 38 Support details, members 1, 11 and 6 (dimensions in mm)

References
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D[\J G
9 .0 CHS :
88.9x5.0 2400

T194kN

Figure 39 Top chord joint between members 1,2, 12 and 13 (dimensions in mm)

The approximate dimensions indicate an eccentricity of +24 mm at this
joint. This is based on a gap of 12 mm, which is greater thant, +t,

where t, and t, are the wall thicknesses of the internal members of the
trusses (5.0 mm), giving a minimum gap of 10 mm.

The moment from the eccentricities may be neglected if:

-0.55d, £ e < 025d,
In this instance e/ld, = 24/193.7 = +0.12

the eccentricity at this node can be neglected.
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References
The top chord joint between members 4, 5, 18 and 19 (Figure 40) is

considered in the same way as the previous one, except that, because of a
change of slope, e = 39 mm Figure K.2

e/d, = 39/193.7 = +0.20
this is within the limits set for neglecting the eccentricity.

The joints on the top chord will have eccentricities that vary between 35 mm
and 42 mm, and are within the limits given in clause K.3. K.3(c)

88.9x 5.0 CHS AN

2850
2900

4101

Figure 40 Top chord joint between members 4, 5, 18 and 19 (dimensions in mm)

The joints on the bottom chord are similar to those shown in Figure 41, and
satisfy the eccentricity requirements for a pin-jointed truss.

l194kN

—» 258 kN

Figure 41 Connections between members 6, 7, 11 and 12 (dimensions in mm)
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Check joint geometry

d/d, = 114.2/193.7 = 0.59
88.9/193.7 = 0.46
> 02
< 1.0
114.3
dr2ty = = 114
! 2x5
889
— = 89
2x5
< 25
> 5
193.7
dj/2t, = 3 = 121
° 2x8
< 25
> 5
Aoy = qpx100 = 110/190x100 = 58%
> 25%

The diagonal internal members have angles between 37.8° and 47.4°
(44.5 + 2.9). The geometry of the joints is therefore within the range of

validity given in Table K.

6.1, so Table K.6.2 can be used for calculating

design resistance of joints.

Check member stiffness coefficients
System length/member depth for:

Chord members
Diagonal members
Vertical members

satisfactory.

3002/193.7 155 (>12)
= 3670/1143 = 32 (>24)
= 2400/889 = 27 (>24)

References
K.4(2)
Table K.6.1

K.6 (3)

K4 (2)

3.3.2 Top chord

Maximum forces:

Tension = 94
Compression = 581

1

kN

Check 193.7 x 8.0 CHS grade 43C.

Section properties

d = 193.7mm
t = 80mm

i = 657mm
A = 4670 mm?
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Material properties

t < 40mm

-~
I

275 N/mm?

—
Il

430 N/mm?

Section classification

e = V(351
= (2351275) = 0.924
dit = 193.7/8 = 242

50e2 = 50x(0.924)2 = 427
section is class 1.

Section in compression

Resistance of cross-section to axial force

Nora = Al

4670 x 275
= T _——- = 1223kN
1.05 x 103

Resistance of member to buckling

/ = L = 3000 mm
A= YZh = 3000/65.7 = 45.7(<180)
A = 939e = 93.9x0.924 = 86.8
o= I BLOS = 457/86.8x105 = 053
Buckling curve a
x = 0914
The compression resistance Ny gy = X By A f /vy,

0.914 x 1 x 4760 x 275
1.05 x 103

= 1140 kN

satisfactory in compression and, by inspection, in tension due to wind reversal.

References

Table 3.1

Table 5.3.1

K.3(1)(a)
51.6

5438

5.4.4 (1) (a)

554
582

5.5.1.4 (3)
NAD 6.1.3 d)

5.5.1.2 (1)

Table 5.5.3
Table 5.5.2

3.3.3 Bottom chord

Maximum forces:

Tension = 580 kN
Compression = 94 kN

Check 193.7 x 8.0 CHS grade 43C

Section and material properties
Section and material properties as for top chord.
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Section in tension

Ng = S580kN

Resistance of cross-section to axial force
The resistance of the cross-section is given in the design of the top chord as

1223 kN. This is greater than the tension, so the section is adequate in tension.

satisfactory.

Member in compression

Ng = 94kN

Resistance of the member to buckling is critical.
Assume that a brace will be provided at the centre of the truss, dividing the
chord in two and giving a length of 15 000 mm between restraints.

A = 15000/65.7 = 228 (the NAD limits this to 350)

x

Mh, = 228/86.8 = 2.6
Using curve a from Table 5.5.2, x = 0.136

0.136 x 1 x 4670 x 275
1.05x 103

166 kN

Buckling resistance Ny 4

Il

This is greater than the compression Ng, (= 94 kN).
Provide a single line of bracing on the centre of the truss.

Note This is less than required for the tee-section tension members.

References

543

5.5.1

3.3.4 Diagonal brace member (based on member 11)
Maximum forces:

Tension 323 kN
Compression 52 kN

Check 114.3 x 5.0 CHS grade 43C.

Section properties

d = 1143 mm

t = 50mm

i = 38.7 mm

A = 1720 mm?

W, = 59.8x10° mm?

W, = 450x10° mm?
Material properties

t < 40mm

275 N/mm?

-~
1]

430 N/mm?

—
1
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Section classification
d/it 114.3/5.0
50 g2 50 x (0.924)2

i

229
4272229

"

section is class 1

Section in tension
Resistance of cross-section to axial force

Np/ﬁRd = Afy/YMO

1720 x 275 450 kN
T 1.05x103 a

450 kN > 323kN
satisfactory.

For member 11:
Check chord plastification of N joint

2

£t
Nipg = 22 x (1.8+102d/d,) k, k, (1.1/%)

sin 6,
f,, = chord yield strength = 275 N/mm?
t, = thicknessof chordwall = 8mm
k, = 1.0 asthe member is in tension
d, 193.7
L T 2x8 = 12l

o

k, = 2.2 (taken from Figure K.3)

g

This gives:
275 x 82
Nips = = x [1.8 + 10.2 x (114.3/193.7)] x 1.0 x 2.2 (1.1/1.05) x 10-3
: sin 37.8
= 517kN
517 kN > 323 kN

chord plastification is satisfactory.

Check punching shear
£, 1+sin0, 1.1
Nigra = J,_toﬂ"di X_~—‘ X
: V3 2sin? 0, vy
275 1 + sin 37.8 1.1
= T X5X 114.3 x x
N3 XXX 2 xsin?37.8  1.05 x 10°

641 kN > 323kN

punching shear is satisfactory.

References

Table 5.3.1

K.3 (1) (a)

543
5.4.3 (1) (a)

Table K.6.2

Table K.6.2
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Joint efficiency
The joint efficiency depends on the lesser of the chord plastification and the
punching shear values.

Nyga = 450kN

The resistance to chord plastification (517 kN) is greater than N 4, (450 kN),
therefore chord efficiency is 100%.

Section in compression

Resistance of member to buckling is critical.

The buckling length may be taken as 0.9 L, where L is the system length of
the member.

0.9 (30002 + 225020

/ = 09L = = 3375mm
A= /A = 3375/387 = 87(<180)
A, = 939 = 93.9x0.924 = 86.8

BA =1

A= MA B = 87/86.8x 105 = 10

Buckling curve a

x = 0.666
N 0.666 x 1 x 1720 x 275
o-Rd 1.05 x 103
= 300kN > 52kN
satisfactory.

References

551

5.8.2(3)

5.8.3

5.5.1.4
NAD 6.1.3 d)

5.5.1.2 (1)

Table 5.5.3
Table 55.2

3.3.5 Vertical brace members (based on member 12)
Forces:

Tension 31 kN
Compression 194 kN

Check 88.9 x5 CHS grade 43C.

d = 839mm
t = 5.0mm
i = 29.7mm

A = 1320 mm?
Material properties: same as those of other sections.

Local buckling
dit = 889/50 = 18

Limit, as before = 42.7

So the section is class 1,

satisfactory.
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Resistance of section to axial force
A 73
X

0.9 x 2400/29.7

73/86.8 0.84

From Table 5.5.3 curve a,

X = 0772
N 0.772 x 1 x 1320 x 275
b-Rd 1.05 x 103
= 267kN

This is greater than the force Ng, (194 kN),
satisfactory in compression and, by inspection, in tension.

For member 12:
Check chord plastification of N joint

2

f o tO
N, gy = ;n—ez x (1.8 +10.2d/d,) k, k, (1.1/)

n = o/f = (194x10%1320)/275 = 0.53

p p'tyo

0.75

~
Il

275 x 82
ZRd T 5in 90

197 kN

x [1.8 +10.2 x (88.9/193.7)] x 0.75 x 2.2 (1.1/1.05) x 10-3

197 kN > 194 kN

chord plastification is satisfactory.

Check punching shear
f 1+sin0 1.1
N = Ptad x ———= x——
2Rd 3 2 sin? 6, XYMj
275 1 + sin 90 1.1

= 3 XEXmXBRIX 700 X1.05 x 10°
- 371.6kN > 194kN

punching shear is satisfactory.

Joint efficiency
Nore = 1320x275/1.05x10° = 363 kN

The resistance to chord plastification is less than the punching shear resistance,
efficiency of the joint = 197/363 = 54.3%

Note All the above resistances are satisfactory, but a more efficient joint
would be obtained by using a thinner CHS of larger diameter.

References
551

5.8.2(3)

Table 5.5.3

Table K.6.2

Table K.6.2
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3.3.6 Connections

The connections between members 6, 7, 11 and 12 are studied here as an
example (see Figure 41 repeated here for easy reference). The designer
should check all the connections in turn, beginning with those carrying the
greatest forces.

— 258kN

Figure 41 (repeated) Connections between members 6, 7, 11 and 12 (dimensions in mm)

Welding

In this type of joint the welding is partly fillet and partly butt, depending on the
geometry at any particular point. The weld is required to satisfy clause K.5 of the
Eurocode. For a simple calculation, clause K.5(4) gives a/t > 0.87c.. Alternatively,
clause K.5(5) permits a smaller weld, so that the actual force and the joint
efficiency can cope with non-uniform distributions of load. The joint efficiency
depends on the lesser of the chord plastification and the punching shear values.

Member 11 1143 x5 CHS 323 kN tension
Member 12 88.9 x5 CHS 194 kN compression

Member 11
For a fully loaded member:
at 2 0.87o
L1 % _ 11135
“ = Ly 15 T owes¥is T NP
at 2 087x113 = 098
a = 098x5 = 49mm

But applied load (323 kN) is less than N /4 (450 kN), therefore a weld size
smaller than 4.9 mm can be used, depending on the joint efficiency.

From Section 3.3.4 joint efficiency is 100%,

323
alt =2 098x1x 450 = 071
a = 071x5 = 355

Use a weld with a throat thickness = 4 mm all round.
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Member 12
For a fully loaded member:
at = 0.98

Nora = 363kN
Joint efficiency = 54.3% (see Section 3.3.5)

ini 1d si —t098@’1% = 0.96
minimum weld size = X 0. ><54.3><363 = 96 t

= 096x5 = 48mm

use a weld with 5 mm throat thickness all round.

References

3.3.7 Deflection check

The deflections may be determined in the same way as for the tee and angle
truss. In this case the maximum deflection is 71 mm = span/422. This is
adequate to meet the requirements of Eurocode 3.

It should be noted that, because of the smaller areas of the members, the
deflection of the hollow section truss will be higher than that of the truss
formed of angles and tees. Furthermore, if the trusses are bolted, the
movement in the joints would increase the deflection above the calculated
value.
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Example 4
Design of a gantry girder to support a
100 kN capacity crane

4.1 Girder geometry, loading and analysis

Design a simply supported gantry girder spanning 8.0 m, using a universal
beam and top flange plate in grade Fe 430 steel. It is to carry an overhead
travelling crane for medium and heavy workshop duty. The crane details are
shown in Figure 42.

¢

1a =4000
Crab .
e End carriage

[:.—| Crane bridge j? [:3_——:0'|
Gantry Gantry; girder
T - girder
Minimum hook approach L = 8000
1 Hook load Elevation on
L. =15000 gantry girder

Elevation on gantry

Figure 42 Details of 100 kN capacity crane (dimensions in mm)

Crane capacity W, = 100kN
Weight of crab W, = 20kN
Weight of crane bridge W, = B80kN
Span of crane bridge L. = 15m
Wheel spacing in end carriage a, = 40m
Minimum hook approach a, = 10m
The gantry girder details are:

Weight (approximate) W, = 15kN
Span L = 80m

Note The design parameters have been chosen to be the same as those used
in the gantry girder example in the SCI’s Steelwork design guide to
BS 5950: Part 1: 1990. Volume 2: Worked examples'>. This permits an
effective comparison to be drawn between the British Standard and
the Eurocode design procedures. However, it should be noted that the
end carriage dimensions are not particularly representative for a crane
with this level of loading and span.

References

4.1.1 Calculation of loads

Load factors
Loads are to be combined in the following ways and the most
unfavourable value used in design:

@ Consider only the most unfavourable variable action
b
; Y6, Gk.j +You Qus

® Consider all unfavourable variable actions

s
? Yo Gy + 0.9 % Y0, Qu
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2.3.2
2.3.3.1(5)

Equation 2.11

Equation 2.12



References
Partial safety factors

Yoj = 135
You = 150 NAD Table 1
Pending the publication of Eurocode 3: Part 6, Eurocode 1 or a CEN crane NAD Table 3

standard, Table 3 of the UK National Application Document for Eurocode 3:
Part 1.1 recommends that the resistance of a crane girder and its supports be
checked for the following load cases:

® Vertical load (see Section 4.3.1)
® Horizontal load (see Section 4.3.2)
® 0.9 x (vertical load + horizontal load) (see Section 4.3.4)

Vertical loading
Variable actions:
Maximum characteristic static wheel load, W

l E (Lc — ah)
Wus - 2 [ 2 + (ch + Wcap) Lc
_ 1 [40 20 + 100 E:l = T6kN
= [0 @OHI00) x5 ] -

Maximum design static wheel load, W,

You Wi = 150x76 = 114kN
The crane is classified as load class Q3, therefore an impact factor of 1.30 BS 2573:.Part 1: 1983
must be applied to the static wheel load to allow for shock loading!s. Clause 3.1.4

Maximum design wheel load allowing for impact:

W, = 13W, = 13x114 = 148.2kN

v

Permanent actions
Design value of girder self-weight, W', = Yo; Wo

1.35x15 = 20.3kN

Horizontal loading
As the crane is class Q3, crabbing action must be taken into account!3. BS 5950: Part 1: 1990
However, the couple caused by crabbing action should not be combined Clause 4.11.2
with the horizontal forces caused by surge.

Variable actions caused by surge
Transverse loads: assume a force equal to 10% of the combined weight of BS 6399: Part 1: 1984
the crab and the load lifteds. Clause 7

0.1 (W, + W)
number of wheels

0.1 (20 + 100)
4

Maximum horizontal transverse load per wheel

3kN

Design value per wheel, Wy;;, = 1.5x3 = 4.5kN
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Longitudinal loads: assume a force equal to 5% of the static wheel loads?.

Maximum longitudinal load per wheel = 0.05x76 = 3.8kN
Design value, Wy, = 1.5%x38 = S5T7kN

Variable actions caused by crabbing'?
Crabbing force transverse to the rail, per wheel,

F LC WW > &

R 7 40a, = 20
LW, 15x 114 107 kN
40a, T 40x4 -

20 - 20 -
Fp = 10.7kN

References
BS 6399: Part 1: 1984
Clause 7

BS 5950: Part 1: 1990
Clause 5.11.2

4.1.2 Design internal moments and forces

Due to vertical load

The worst case for bending moment caused by crane wheel loads is shown in
Figure 43. '

) 4E Girder (t Girder
w, Wy 148.2 kN 148.2 kN
3w | 4000
e
0 I 1000 },
A Wq B A ; 20.3 kN B
C C |
VRL TRR 1121,3 kN l 195.4 kN
[ L | | 8000 !

Figure 43 Worst case for bending moment caused by crane wheel loads (dimensions in mm)

) 2W, /L a, L
Maximum moment, M, = (— - +Weo

L 2 4 8
2x1482 (8 4y . 8
T8 (2"4)+ =Xy
= 353.75kNm
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The maximum shear force occurs when one wheel is virtually over a support,
as shown in Figure 44.

W, W, 148.2 kN 148.2 kN

4000

A Wo B 20.3 kN

WT WT

[ L | | 8000
U I
Location of loads for maximum shear and reaction

Figure 44 Worst case for vertical shear (dimensions in mm)

F, ..« = maximum reaction at A
L-a, W'G
= W, +W, X L T2
8-4 203
= 1482+ 1482 x g T = 2325kN
Due to horizontal loading
Due to surge (Figure 45)
WW¢ Wit 45kN (t 45kN
l aw l 4000
r T
1000
A !* B A F B
T ] T Ta.ss kN 5.62 kNT
! L | ! 8000 |
Figure 45 Design horizontal bending moments due to surge (dimensions in mm)
. 2 WHI L aw
Maximum moment, M;;, = B (E 2
2x45 /8 4Y
-5 G4
= 10.1 kNm
Due to crabbing (Figure 46)
lFR=10.69 kN TFR=10.69 KN
54 kN ‘ l 5.4 kN
l L I

Figure 46 Design horizontal bending moments due to crabbing

References
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Maximum horizontal moment due to crabbing, My

il

Fy L/4 (only for this case)
10.69 x84 = 21.4kNm

il

When one wheel is over a support, maximum moment, Mg

= Wi(a-a%¥L)

Maximum horizontal design moment My, is the greater of My;, and M. In this
case crabbing governs,

M, = 21L4kNm

Note When designing the supporting structure it will be found that surge is critical.

Maximum axial force, Ng, = maximum design longitudinal load, Wy, = 5.7kN

References

4.1.3 Summary of design loads

Vertical moment Mg = 353.8kNm
Horizontal moment M,,; = 21.4kNm
Vertical shear Vg = 2325KkN
Axial force Ny, = 57kN
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4.2 Cross-sectional properties

The initial sizing of a gantry girder is normally a trial-and-error process. For
this example try a 610 x 229 x 125 UB with a 300 mm X 15 mm plate in grade
Fe 430 steel (Figure 47). A top flange plate rather than a channel section is
adopted because it offers improved access for welding. It should also be noted
that many channels will not fit over the flanges of universal beam sections.

300 x 15 Plate
(Grade Fe 430)

- |

E _Plastic neutral axis A

N Centroidal axis = A

610 x 229 x 125 UB
611.9
(Grade Fe 430)

<

NA

—

Figure 47 Cross-section through girder (dimensions in mm)

References

4.2.1 Properties of the plate

Figure 48 shows the axes notation for the plate.

5 | 300 |
19.6_$ by S— ?(@@

572.7 @

1961 — 10

Figure 48 Axes notation for the plate (dimensions in mm)

b, = 300mm
t, = 15mm
A = 300x15x102 = 45cm?

I, = 1/12x300x153x10#* = 844cm*
I = 1/12x15 %300 x 10

3375 cm*
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4.2.2 Properties of the universal beam

h = 611.9mm b = 229 mm d = 5473 mm
t; = 19.6mm t, = 11.9mm A, = 160 cm?
I, = 98600 cm* Wy = 3220cm? Wy, = 3680cm’
I, = 3930cm* W, = 344cm’ W, = 536cm’

I, = 155cm*

References

4.2.3 Calculation of moment of inertia of combined section
The properties of the section may be derived by assuming that it is four
rectangles, and tabulating their properties. Table 16 shows the values of the
rectangles making up the section. (See Figure 47.)

Table 16 Properties of rectangles making up the section

Rectangle with

dimensions Area z az az? Lo I, Wy
(cm) (cm?) (cm) (ecm?) (em?) (em?  (em?)  (em?

1 229%1.96 448 098 44 8 14 1961 2177

2 1.19%57.27 68.15 30.60 2085 63793 18 627 8 1401

3 229x%x1.96 44.88 60.21 2702 162715 14 1961 481

4 30x1.50 45.00 61.94 2787 172 645 8 3375 560

Sum 202.92 7619 399197 18 664 7306 4619

* Where Iy.el is the second moment of area of each of the elements of the cross-section

I, = Il +az-area x y2 = 18664 +399 197 -202.92 x 37.5
= 132504.8
5) = 375cm Depth of eq area axis = 495cm
I = 132504.8 1, = 7306.0 cm*
iy = 255cm i, = 6.00cm
Weriop 5242 cm? W,/ bottom = 3510 m?
Torsion,I, = 181 cm* Wy = 4619 cm?

4.2.4 Section classification
Steel grade Fe 430, t <40 mm, f, =275 N/mm?

e = 092
® Web (subject to bending)
For class 2
dit, < 83¢
d/it 547.3/119 = 46

83¢ 76.4

1l

web is at least class 2.
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Table 5.3.1 (Sheet 1)



References
@ Outstand of compound flange compared to thickness of original flange
(subject to compression)
For class 2

cty < 1le Table 5.3.1 (Sheet 3)

c/t; 150/19.6 = 7.6 for welded sections
1l1e = 102 > 76

flange is at least class 2.

® Internal width of the added plate between the lines of weld which connect it
to the original flange, compared to its own thickness (subject to compression)
For class 2

b/t, < 38¢ Table 5.3.1 (Sheet 2)
= 22915 = 153

38e = 350 > 153

flange is at least class 2.

@ Outstand of the added plate beyond the lines of weld which connect it to
the original flange, compared to its own thickness (subject to compression)

For class 2
b, -b, )2
(—pt‘b) < 11 ¢ for welded sections Table 5.3.1 (Sheet 3)
p
(300-229)2
—‘1—_5 = 24
11e = 102 > 24

flange is at least class 2.

125



4.3 Strength check

4.3.1 Vertical bending resistance

References

Mysa € Myra 5.4.5.1 (1)
Wp/»y fy .
M ra = —Y—‘ (class 1 or class 2 cross-sections ) 54.5.2(1)
MO
Wy = 4619x 10> mm?® (see page 124)
Yo = 105 NAD Table 1
M 4619 x 103 x 275 1209 KN
c¥R& T 1.05% 108 - m
M sq = 353.8KkNm
ie < 1209 kNm
satisfactory.
4.3.2 Horizontal bending resistance
Horizontal loads are assumed to be carried by the top flange plate only,
although the whole of the top flange could be used.
Considering flange plate only:
MzASd < McAsz 5451 (‘1 )
Wor & .
M_,rs = — — (classlorclass?2 cross-sections) 5452(1)
Ymo
b2t 3002 x 15
_ P - _
W, = 74 = 4 = 337.5x10°>mm?
Ymo = 1.05 NAD Table 1
M 337.5 x 108 x 275 88.4 kN
eaRd =105 %108 - oRaEm

Maximum horizontal moment due to crabbing

M,y = 21L4KkNm
ie < 884kNm

satisfactory.
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4.3.3 Web shear at supports

References

Maximum design shear Vg, <V 0, 5.4.6(1)
AV Yy
VpZRd |
V3 X Yo
where the shear area A, = 1.04ht, for arolled I section, with the load
parallel to the web 5.4.6 (4)
A, = 1.04x611.9%x119 = 7573 mm?
v 7573 x 275 1145 kN
PRI T 3 1.05% 108
Maximum design shear Vo, = 232.5kN
ie < 1145kN
satisfactory.
The shear buckling resistance should also be verified if d/t, > 69¢ 546 (7)
for an unstiffened web.
Note This condition will always be satisfied for grade Fe 430 by the current
range of rolled sections. The check is included here for completeness.
dit, = 547.3/11.9 = 46
e = 0924
69e = 69x0924 = 63.8
ie > 46
satisfactory.
Reduction in moment resistance for shear
Provided that the design value of the shear force V¢, does not exceed 54.7 (2)
50% of the design plastic shear resistance V zra» N0 Teduction need be
made in the resistance moments.
Vsa = 232.5kN, ie > shear at the point of maximum impact,
Vogs = 1145kN
Vg < 05x Vp,ng
no reduction in moment resistance need be made for shear.
4.3.4 Bi-axial bending
In this case the moments M, g, and M, ¢, should be multiplied by 0.9 to allow
for combining the effects of vertical and horizontal loads. NAD Table 3
For class 1 and class 2 cross-sections, as a conservative approximation, the
following criterion may be used:
N 0.9M 0.9M
oy v8d 2 < 5.4.8.1(12)

N p/Rd Mp/.’y.Rd Mp/iz.Rd
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Ng, = design axial load

Il

MySd
Mz.Sd
Mypa = 1209KkNm

353.8 kNm
21.4 kNm

My,ze = 884kNm

ie 5.7/5637.5 + 0.9 x 353.75/1209 + 0.9 x 21.38/88.4

= (.48
e < 1

satisfactory.

(see page 122)
(see page 122)
(see page 126)
(see page 126)

0.001 +0.26 + 0.22

References
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4.4 Buckling resistance

4.4.1 Lateral torsional buckling

Check the gantry girder as an unrestrained member under vertical loading. At
the supports, the compression flanges are laterally restrained in position and
the section is torsionally restrained. However, both the flanges are free to
rotate on plan, and there is no warping restraint.

The design buckling resistance moment is given by:

Xt Bw Wi
Myra =
Tmi
where By = 1.0 (class 1 or class 2 cross-sections)

Y = 1.05

Xur s the reduction factor for lateral torsional buckling, obtained
from Table 5.5.2, with A = A, andy =7, . from curve a.
Note that despite the flange plate being welded to the
beam, the section is treated as a rolled section because the
welds are remote from the web.

_ W 0.5
r = [—@j for By = 1
MCl’
M, = elastic critical moment for lateral torsional buckling

Because the section is a uniform monosymmetric cross-section with unequal
flanges, and is loaded above the shear centre, the following general
expression for M, given in Annex F must be used:

C, nrEIl kv1 kL) GI 03
1 z w t 2

M, = 5 +7 +(Gz, -Gzl ~(Cz,-Cyz)
(kL) k,) I, mEI,

W

C,, G, and G, are factors depending on the loading and end restraint
conditions. F.1.2 (1)

k and k,, are effective length factors

z, is the co-ordinate of the point of load application

z is the co-ordinate of the shear centre

=
11

1.0 (beam is free to rotate in plan)
k, = 1.0 (no special provision for warping fixity)

C,, G, and C, are taken from Table F.1.2 for a member with two point loads.
Fork=1, C, = 1.046

C, = 0430
C, = 1120

References

5.5.2 (1)

NAD Table 1

5.5.2 (4)

5.5.2 (5)

Equation F.2

F1.2(1)

F.1.2(2)
F.1.2 (4)
Table F.1.2
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Because B; > 05 z =

For an I section with unequal flanges:

Iw = Bf (1 - Bf) Iz hs2
I

B _ fc
. =
Ifc + Ifl
I, = second moment of area of compression flange about minor

axis of section = 19.61 +33.75 = 53.36 x 105 mm*
(from Table 16, page 123)

I. = second moment of area of tension flange about minor axis
of section = 19.61 x 105 mm*
(from Table 16, page 124)

h, = distance between shear centres of flanges

Inserting values into the above equations gives:

3 - 53.36 _ om
T 5336+1961
b3t2+bb3tf L
b= ohet t, 24 12 {72
s P2 b3t +bb3tf
12 12
3003 x 152 2293 x 19.6 19.6
6119151~9é u 1 x(+2)
= SO S 3003 x 15 2293 x 19.6
2 Y1
= 603 mm
I, = IZ,3+IZp
t b3 15 x 300°
. -Rp - —— - 4 4
L, = D = - = 3375 x 10 mm
I, = 3930x10*mm* (see page 124)
I, = (3375+3930) x10¢ = 7305 x 10¢ mm*
I, = 0.73(1-0.73)x7305 x 10* x 6032

= 52 x102mm¢

0.8 (2B~ 1) xh,
j 2

0.8 (2x0.73-1) x 603
2

110.58 mm
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Shear centre

Z -7

a s

co-ordinate (relative to centroid) of point of load application
611.9 + 15 + crane rail height (h,)

76 mm

702.9 mm

co-ordinate of shear centre (see Figure 49)

Level of application

—= .|

I

of load

Za

y Centroidal axis

——

For simple span beams with gravity loads

Figure 49 Location of the shear centre

Note For simple span beams with gravity loads, all dimensions are positive
above the y-y axis, and the algebraic value of z, must be used in the

equations.
by Jehs = 19.6/2 + (0.73 x 601 = 4485
Z, = 2+Ifc+If[ = .6/2 + (0.73 x 601) = .5 mm
z, = 7029-4485 = 2544 mm
I, = 181x10*mm* (see Table 16)
E
G = ——
2(1+v)
v = 03
E = 210000 N/mm?
210 000
G =
2x13
= 80769 N/mm?
C,mEI keI, (kL)}GI, 05
_ 2y w VB M _ Y _ _ .
M = “hery [(kw) e C A I CEARCED
C,mEI 1.046 x 12 x 210 000 x 7306 x 104
where — ——*
(kL)? 80007

= 247 x10¢

1
= 71184

kY I, 1y} 520107
ky L _ (Lly, 220x10%
( ) ( ) 7305 x 104

References

3.2.5 (1)

Equation F.2
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(kL2GI, 80002 x 80 769 x 181 x 10
nEIL T 2210000 x 7306 x 104

= 61800

Cz,-Cyz; = (0.430x254.4) (1120 x 110.58)
= 1446

<
n

2.47 x 106 {[71 184 + 61 800 + (~14.46)2]05 + 14.46) x 106
937 kNm

= oty 503 4619 x 10° x 275103

oS M, - 937 x 10¢ = L
For A, = 1164 and using curve a, then
Xor = 0553

cr

il

>

0.553 x 4619 x 10° x 275
1.05 x 108

= 668 kNm

Mb,Rd

ie > Mg, = 353.75 kNm, so the buckling moment resistance is adequate,

satisfactory.

References

5.5.2 (4)
Table 5.5.2

4.4.2 Biaxial bending check

In this example the formula is modified by multiplying the moments M, g4 and
M, ¢, by 0.9 to allow for combining the effects of vertical and horizontal loads.

For members for which lateral torsional buckling is a potential failure mode,
with zero axial compression and a class 1 or 2 cross-section:

09k Mg, 09k, M g
Xt Wy £ Wz £ Y

Mt Ngg
kpp = 1- XzAfy Ngg = 0, kir = 1
N
k, = 1~ s Ng, = O, ok o= 1
XAl ‘

Yor = 0.553 (from above)

Inspection shows that when k. and k, are 1, this equation is similar to the
cross-section biaxial bending equation on page 127, except for the y,  term
and the partial safety factors y,,, and y,,,. However, v,,, = ¥y, in the NAD.
Therefore, this check is always critical if lateral torsional buckling is a
potential failure mode.

Substituting the appropriate values from page 128:
0.26/0.553 +0.22 = 047+022 = 0.69

ie < 1

satisfactory.

NAD Table 3

5.5.4 (2)
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4.5 Web resistance
Resistance of the web to forces applied through a flange is governed by:

® Crushing of the web close to the flange,
® Crippling of the web close to the flange, and
@ Buckling of the web over most of the depth of the member.

References

5.7.1(1)

The crane wheel forces are applied through the top flange and resisted by 57.1(3)
shear forces in the web. The resistance of the web is the smaller of:
® Crushing resistance, and
® Crippling resistance
4.5.1 Crushing resistance 5.7.3
For wheel loads from cranes, transmitted through a crane rail on a flange but
not welded to it, the design crushing resistance of the web, R, r4> should be
taken as:
s, t, L,
Riga = 5.7.3 (4)
Tmi
I( + IR 0.33

8 = kg T X [1 = (0 gd/f)?]"? 5.7.3(4)

or, more approximately, s, = 2 (h +t) [1- (0 g/f,)P]° 57.3(4)

Using the second, more approximate, equation:

h, = crane rail height = 76 mm (56 kg/m crane rail)
t; = combined flange thickness = 15+196 = 34.6mm
. . . MyASd
G;gq = longitudinal stress in flange = W B
W.yp = 5242x10°mm®  (see page 124)
M,sq = 353.8kNm (see page 122)
353.8 x 106 67.5 N/
= — = .5 N/m
GRS 5242 %108
67.5 2:'05
s, = 2(76+346) [1 - (275) = 204mm

214 x11.9 x 275
y-Rd 1.05 x 103

667 kN

The dynamic wheel load is 148.2 kN (see Section 4.1.1),

ie < 667kN

satisfactory.
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4.5.2 Crippling resistance
The stiff bearing length for crane beams may be taken as s given for the web
crushing checks,

0.5 6,2 (E 007 [(6/1)0° + 3 (1) (5,/d)]
Tmi

Crippling resistance, R, p, =

Figure 50 shows crippling resistance.

. I
} // \2
% \45 Rail
I il ~ 1 v
107.5 < ) N < Plate
7777 77 7 7 7
L // \\ ,—[ Flange
7 < ,
_v_!___/_______________>__l Root radius
| 5,=215 )‘
I

Figure S0 Crippling resistance (dimensions in mm)
s/d = 215/5473 = 039 but < 02

s, should be reduced to 0.2 x 5473 = 109 mm.

0.5 x 11.92 x (210 000 X 275)05 x [(34.6/11.9)°5 + 3 x (11.9/34.6) x 0.2]

R =
aRd 1.05 x 103

980 kN

The factored dynamic wheel load is 1482 kN (see page 133)

ie < 980kN

satisfactory.

When the member is also subjected to bending moments, the following
criterion should be satisfied:

gf:—d + l\—lrl/[i; < 15
where Fg, = 1482kN
Mg, = 353.8kN

R, rq = 980 kN

M, g = 1210kNm

Fou Mg, 148.2 353.8
e = + = 044
R,ra M4 980 1210
ie < 15
satisfactory.

References
57.4

5.7.4 (1)

5.7.4 (1)

5.7.4 (2)

134



References

4.6 Deflection check

Eurocode 3 currently gives no guidance on limiting deflections for crane 422
girders. Guidance given in British Standard BS 5950 is therefore followed in BS 5950: Part 1: 1990
these deflection checks!.

4.6.1 Vertical deflection

The calculation of the precise deflection of a girder subjected to rolling loads
is rather complex. Where two equal rolling loads are applied, a useful
assumption is that the maximum deflection occurs at the centre of the beam,
with the loads positioned equidistant on either side. This gives the following
expression for the maximum deflection resulting from static wheel loads:

5 - Wya,3L2-a?)
vmax = 48EI

76 x 10° x 4000 x (3 x 80002 ~ 4000?)
48 x 210 000 x 132 556 x 104

= 4,00 mm

The limiting vertical deflection resulting from static wheel loads!? is span/600,

O,im = 8000/600 = 133 mm BS 5950: Part 1: 1990
Table 5

8v max < 6v lim

satisfactory.

4.6.2 Horizontal deflection caused by crane surge
Maximum deflection caused by crane surge is given by:

Bimas = 48E 1
W, = maximum transverse surge load
= 3.0kN
I, = 3375x10* mm*

3 x 103 x 4000 x (3 x 80002 ~ 40002)
“ Shimax = 48 x 210 000 x 3375 x 104

= 6.21 mm

The limiting horizontal deflection caused by crane surge (calculated on the
top flange properties alone)'? is span/500.

Syim = 8000/500 = 16.0 mm BS 5950: Part 1: 1990
Table 5
. 6Hmax < 8Hlim
satisfactory.

Note It is important to ensure that the crane is able to accommodate the
deflections of the gantry beam and its supports. It may well not be
sufficient simply to check the deflection of the crane beam as an
independent member, especially if it is supported on a relatively
flexible structure such as a portal frame.
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4.7 Design procedure using the concise document (C-EC3)
Most of the gantry girder in the example could be designed using C-EC3. The
exceptions are the checks on the lateral torsional buckling moment resistance,

in which complexities associated with the destabilising nature of the loading

necessitate the use of procedures given in Annex F. For those checks for

which C-EC3 is appropriate, the design procedure is similar to that given in

Eurocode 3.
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Example 5
Stiffened base-plate

5.1 Initial design information

Design a stiffened column base for a 533 x 210 x 122 UB column, as shown in
Figure 51, subjected to coexistent design compression, bending moment and
shear force.

425 kN
TN 290 kNm l
y
544 '
Square-headed
533 x 210 x 122 UB \» M24 grade 4.6 _9
HD bolts to 8
BS 7419"7
15 thick r
cheek-plate;\ 8
=
[
a COIT ; ;D—li’ E-I-'-I_I 7
45 kN }
&
1000 440
2/26 diameter
/ breather holes
A V) e |
.' o
e 8
o _ X # |
1150

Figure 51 General arrangement of column base {dimensions in mm)

5.1.1 Design actions

Ng, = 425kN
My, = 290 kNm
Vg = 45KN

Note The procedure of considering favourable and unfavourable
combinations of actions with appropriate load factors to determine
the most onerous tensile and compressive loading conditions, has not
been included. For clarity, the base has been designed to resist only a
single set of design forces. In practice, it would generally need to be
rechecked for other conditions by adopting the following procedure
for each critical load combination.
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5.1.2 Material properties

References

Grade Fe 430 steel plate (t < 40 mm) f, = 275N/mm? Table 3.1
Holding-down bolts, grade 4.6 f, = 400 N/mm? Table 3.3
Foundation concrete strength class C25/30:
Characteristic cylinder strength fo = 25N/mm? Eurocode 2 Part 1
Characteristic cube strength focee = 30 N/mm? Eurocode 2 Part 1
Characteristic cube strength of grout = 12 N/mm?
Partial safety factor for concrete Y. = 15 NAD 6.1.6 a)
5.2 Strength check
In accordance with Annex L
Bearing strength, f; = B k;f, Annex L.1 (6)
where B, = 0.67 provided that the characteristic strength of the grout
isnot less than 0.2 £, ..

ie 12 N/mm? is not less than 0.2 x 30 = 6 N/mm?

ki = 1.0 Thisis a conservative assumption. If the size of the Annex L.1(7)

foundation is known, a less conservative value of kj
(ie k; < 1.0) may be determined. (See the simple base

design example in Section 1.12.)

£, 25
f,= < = *- = 167 Nmm?
Y. 1.5
f, = 067x10x167 = 11.2 N/mm?
Maximum grout thickness = 0.2 x smallest base width

02 x440 = 88 mm

Il

use 50 mm thick grout. (For breather holes see Figure 51.)

Annex L.1 (6)

Annex L.1(6)

5.2.1 Effective bearing area

£ \0s
Maximum bearing width,c = t|{-—— —
3 fj Yo

275 05
4 S ——— = 2.8t
3x11.2x1.05

Adopting a minimum base-plate thickness of 25 mm, ie greater than the
column flange thickness (t, =21.3 mm)

¢ = 28x25 = 70mm

This results in the reasonably efficient effective bearing area shown in
Figure 52.
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Tinted areas non-effective

e[

Effective area under axial load

Tinted areas non-effective

Effective area under axial load and moment

Figure 52 Effective bearing area beneath plate (dimensions in mm)

4x70+2x15

Il

Effective base-plate width, b,

310 mm

Consideration of a rectangular stress distribution in accordance with
Eurocode 2 (see Figure 53) produces the following equations:

F. = 08xbyf (Equation 1)
F, = F.—-Ng (Equation 2)
T Nsqd
Moments about T
sd

Nog (- (@ )

l 1
a X Nsd(g —a+d1)
d4 2

' ™ a
| d Nsd (d1‘ 5)

F, 425 kN Fe

l 290 kNm

i
fi
0.8 x
dy=1075 mm
' a=1150 mm

Figure 53 Plastic distribution of actions

Note In Eurocode 2, x is the distance to the plastic neutral axis, the depth of
the stress block being 0.8 x.

References
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Taking moments about the tension bolt centre line:

N
Mg, = F.(d, -04x)- f‘ x(2d, -a) (Equation 3)

Substituting F, from Equation 1:

N
Mg, = 08xd; bf~032x> by f _7501 x(2d,-a) (Equation 4)

Substitute in Equation 4 and solve for x

- 290% 106 = 0.8xx1075x310x11.2-0.32x2 x 310
x 11.2 — (425 x 10%)/2 x (2 x 1075 - 1150)

1111 x2 —2.96 x x 106+ 502.5x 106 = 0
x2-2.66xx10% +4523%x10° = 0

2660 + V(26602 — 4 x 452.3 x 10%)
2

= 1330+1147 = 183 mm

Substitute in Equation 1 for x
F 0.8 x183%x310x11.2x10* = 3508kN

C

F 508-425 = 83kN

t

References

5.2.2 Check adequacy of holding-down bolts
Tension/Bolt = 832 = 41.5kN

Note FEurocode 3 requires that prying forces, where they are necessary
for equilibrium, must also be taken into account. In this case the base-
plate is sufficiently thick and the bolts are positioned sufficiently close
to the gusset plates for the base-plate to be designed assuming
cantilever action of the plate as opposed to bending in double
curvature. Consequently, prying forces are not necessary to maintain
equilibrium and do not, therefore, have to be considered in the design
of the bolts.

Try M24 grade 4.6 HD bolts
091, A,

LRd
Tmb

where Yy, = 1.35

0.9 x 400 x 353
= = 94KkN
1.35 x 103

ie > 415kN
satisfactory.

use four M24 grade 4.6 square-headed HD bolts complying with British
Standard BS 7419"7.
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Notes
® The length of the bolts depends on the anchorage strength, and is not
covered in this example.

® Eurocode 3 restricts the design shear and tension values obtained from
Table 6.5.3 to bolts supplied by a specialist bolt manufacturer. The design
resistance of fabricated threaded bar HD bolts is subject to a reduction
factor of 0.85 unless the bar is ‘properly’ threaded by a bolt manufacturer.
As the bolts in this example have been specified to comply with British
Standard BS 74197, the reduction factor does not apply.

References

6.5.5 (6)

5.2.3 Base-plate bending in the tension zone
As prying forces were not considered in the design of the bolts, the base-plate
is designed in single curvature. Moment from face of gusset plate:

F
Mg = 'x54 = 415x54x10% = 22kNm

Consider the effective length of the end-plate resisting bending using the
design philosophy from Annex J.

54-0.8 (a x\2)
= 54-08x6x%xV2
= 47.2 mm

1]

m

n = ¢, < 125m

= 45mm < 59.0mm

= 45mm

Figure J.3.1

Annex J.3.3 (3)
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The basic yield line pattern shown in Figure J.3.4 (b) in Eurocode 3 has J.3.4.1(2)b
been modified to be representative of a bolt which is bounded by two
adjacent discontinuous edges. It is evident from Figure 54 that the effective
length of the yield line is equivalent to half the value in clause J 3.4.1(2)b plus

an end distance.

—
l4m+125e)
- (
54 m \‘\-\ | ///
45 e i
: |
75 126
letf = 201
A<l
—N1
45 | 54
!
‘ \%
m = 47.2 0.8al2 =68
| ]
Section A-A

Figure 54 Assumed yield line pattern (dimensions in mm)

£e = 05(3m+125e)+75
= 2m+0.625e¢+75
= 2x472+0625x45+75
= 123+75
= 198 mm
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Resistance moment:

4ff t fy
MpZRd = 4
Y™mo
201 x 252 x 275
T 4x1.05%106
= 8.2kNm
ie > 22kNm

25 mm thick grade Fe 430A base-plate. -

Note It is assumed that the service condition corresponds to that of an
internal environment (S1) with a minimum service temperature of
] . . . .
=5 "C. Therefore, the NAD permits a steel quality designation ‘A’.

References

NAD 6.1.2 a)
NAD 6.1.2 b)
NAD Table 15

5.2.4 Horizontal shear

Where the applied shear force is less than 20% of the applied vertical load
the shear load can be transferred from the base-plate to the foundation by
friction'?.

Ll

Ng, = 425kN o 02xNg, = 85kN
Vg = 45kN ie Vg, < 85kN
satisfactory.

6.11.2 (4)

5.2.5 Cheek-plates
(Figure 55)
Moment about the column face:
508 x 230
547 2% 1000

50872

58.4 kNm/plate

sd 254 kNm/plate

Column
face

H

F =508 kN

325

4

230 173 1(0.4 x)

Compression
zone

Figure 55 External forces on cheek-plates (dimensions in mm)
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All base-plate stiffeners should be designed so that the elastic limit is not
exceeded (to be consistent with Annex L.1 (2)). Adopting a 15 mm thick plate
and assuming this.will be class 3 (to be checked later), determine the depth
required by considering the elastic modulus.

Note It is assumed that the cheek-plates resist the applied moment without
acting in conjunction with the base-plate, in other words, in isolation
as opposed to an inverted tee. This gives a conservative estimate of
the plate required. If advantage is taken of both plates acting together,
this must be taken into account in the design of the welds between the
stiffener and the base-plate. Here the base-plate is considered as a
separate slab supported by the stiffener.

d

V[(6 x 58.4 x 106 x 1.05)/(15 x 275)]
= 299 mm

= V(6 Mgt f)

required

Try a 300 mm deep cheek-plate.

Check the shear resistance:

AL 15 x 300 x 275

M Bxyyge  V3x1.05x108
= 680 kN
ie > 2525kN
satisfactory.
Note Vg < 05V g = 05x680 = 340kN

no reduction of M s, as a result of the effect of the applied shear.

Check the cheek-plate for local buckling as a class 3 element.

Note The local buckling check has been performed by applying the
slenderness criteria for general sections given in Eurocode 3. When
applied to cheek, gusset or stiffening plates in connections, these rules
are very conservative because there are two stiffened edges at right
angles. Slenderness criteria specifically for such connection plate
elements can be found in Structural steelwork connections'*.

For welded outstand (compression):

c/lt = 14 ¢
c = 14x0.92x15
= 193 mm
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Assume that the local buckling requirements are satisfied if the intersection
point as shown in Figure 56 is outside the cheek-plate.

Weld leg 193
say 8 (14 et

325

Intersection

point

100

193
(14€t)

1
—

Weld leg

say 8

Figure 56 Local buckling criterion for cheek-plate (dimensions in mm)

Adopt 300 mm deep X 15 mm thick cheek-plates (provided that this is deep

enough for a satisfactory weld between the cheek-plate and the column flange).

References

5.2.6 Weld requirements

Cheek-plates to column flange

Nsa | Mg
Vs = 3t g
425 290103 245 KN
T o2 T s3 T
Shear/cheeck-plate = 745/2 = 3725kN
. 3725
Shear/unit length of weld (2 welds) = = 0.62 kN/mm
2x300
Design shear strength of weld (f,,)
AK] 4303
= = _A30N3_ = 2163 N/mm?
Bw Taw 0.85x1.35
Leo leneth ired Vs 0.62 x103 a1
eg length required = 071, = 07 %2163 2163 = 41mm

but use 8 mm for welding to this thickness of flange and base-plate.

Cheek-plate to base-plate
Shear/unit length of weld:

Compression zone

Section is to be in direct bearing. Welding

requirements are therefore nominal.

Tonsi F,
ension zone = 4—4“ =
Leg length required = —A— -
glengtred = 07t =

76
= 01K
4% 201 0.1 kN/mm
0.1 x 103 0.66
07x2163 _ oomm

6.6.5.3 (4)

NAD 6.1.4 g)
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Although the base-plate was not included in the design of the cheek-plate
they may act compositely, so the welds between the two will be checked,
assuming full interaction. The moment of inertia of the two is determined
from Table 17

Table 17 Determination of moment of inertia

A y Ay Ay? |
(em?) (cm) (em?) (em?)  (em?)
Base 38.75 1.25 48.44 60 20
Stem 45.00 17.5 787.5 13781 3375
Total 83.75 836 13 841 3395

836/83.75 = 103 cm

—
<
I 1

3395 + 13841 -83.75x10.32 = 8893 cm*

SA y 252.5 x 45 x 102 x9.05 x 10

Shear on weld

1]

L 8893 x 10*
= 1.16 kN/mm
Lo lemath required 1.16 x 10
¢ L16Xx 107
c6 ength require 0.7 x 208.6
= 7.9 mm

This check governs the weld design.

use a nominal 8 mm fillet weld both sides of cheek-plates. The weld will be

made continuous to form a seal against corrosion.

References

NAD 6.1.4 g)

146



5.3 Design procedure using the concise document (C-EC3y
With the exception of the base-plate appraisal in Annex J of Eurocode 3, this

example can also be designed using C-EC3. The design is similar to that in the
Eurocode itself, except for the following check.

Weld: cheek-plates to column flange

In C-EC3 the calculation of £, has been replaced by a table of design

strengths.

Shear/cheek-plate = 7452 = 3725kN
Shear/unit length of weld (Vgy) = 372.5/300 = 1.24kN/mm
Using grade Fe 430 steel,
Design resistance of weld (F,,)) = 216 N/mm?
Les leneth ed Vs 1.24 x 10°
eg length require = 07t = 0T x216%2
= 4.1 mm

use an 8 mm continuous fillet weld for cheek-plate/flange vertically and
for base-plate/flange horizontally.

References

C-EC3 Table 6.10
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Example 6
Beam splice

6.1 Initial design information
Design the beam splice shown in Figure 57 to carry a design bending moment
of 135 kNm and a design shear force of 220 kN.

40 70 . 70,85 70,70 0 180
‘\ "“m‘—r—’l “ 475% 191 x 87 UB —“
3 15 /

. AN T I W P

8{ f T | R T T T

i e \ 5 gap
&

] + ¢

135 kN < & >135kN

1 +)+
o
[¢2]

- +1e
ot I T 1 8 mm thick web
N = Tt 7 ¥  cover plate both

hs sides 100
40, 85 40
B - Section A-A
1 1 Ad

220 kN 220 kN

Figure 57 Beam splice details (dimensions in mm)

It is assumed that the moment is carried solely by the flange plates, with the
shear carried by the web plates.

The designer looking for economy should consider using bolts in clearance
holes. They will generally cost less than HSFG bolting. If bolts in clearance
holes are used, there will be movement in the joint as the bolts slip into
bearing, and consequently less stiffness in the member. These bolts should be
used only if such considerations have no detrimental effect on the design
assumptions or the overall structural response.

For this example it is assumed that deformations caused by slip are
unacceptable right up to ultimate load, therefore HSFG bolts (category C)
will be used, as they are designed to prevent slip at ultimate load. A more
normal assumption could be category B, no slip at serviceability.

References

6.1.1 Design criteria
For category C connections (slip resistant under ultimate load) there are two

main design criteria:

F,, < F, g4 (applied bolt shear less than design slip resistance)

| S F, p (applied bolt shear less than design bearing resistance)

A

6.5.3.1 (4)

Table 6.5.2
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6.2 Web splice

The plate on the sides of the web, and the bolts, will be
designed to transmit the whole of the vertical shear of 220 kN.
Bolt forces:

Vertical shear/bolt, Foqg = Vg/n = 2204 = 55kN

In addition to the shear, there is a local moment due to the eccentricity of the
bolt lines. The moment will be shared equally between the two bolt lines.

220 % 85
My = o = 935kNm

Assuming a linear distribution (see Figure 58)

- 6 Mg, 9.35 % 103 x 6
hSd T n(n+1)p T4 +1D)90

= 31L2kN

Beam

90

i

w|o!

90 |, 90

+ |+ +
lmru

i

T
4 l‘%‘% Assumed eccentricity

Figure 58 Distribution of bolt forces (dimensions in mm)

Resultant shear force on outer bolts
F = [(Fysa? + (F 0% = [31.22+552]05
63.2 kN

res.Sd

References

Figure 6.5.7 (a)
6.5.4 (1)

6.2.1 Slip resistance of HSFG bolts

In this example, the surface treatment of the steel corresponds to class B

slip factorp = 0.4

Note Class B corresponds to a surface which is cleaned by grit or shot
blasting and painted with an alkali-zinc silicate paint.

Design preload force assuming M20 general grade bolts

F 144 kN

pcd =

6.5.8.3 (3)

6.5.8.3 (1)

NAD 6.1.4 d)
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Design slip resistance
k.np
YMS

where k, = 1.0 for bolts in standard clearance holes

Fira = xXF,cq

n 2 (two cover plates, .. two faying surfaces)

"

Yvie = Ymsuw = 1.2 (category C)

1.0x2x04
= ——12——X144 = 96kN

ie >63.2KkN

satisfactory.

References

6.5.8.1 (1)

6.5.8.1(2)

NAD Table 1

6.2.2 Bearing resistance of HSFG bolts

Note Although the connection is designed to be slip resistant under
ultimate loads, it is a requirement that the bolts have adequate
bearing resistance. However, it is not necessary to limit the
deformation in this case.

End distances:
Beamweb e, = 40x63.2/31.2

Coverplate e, = 40x63.2/55 = 46 mm

81 mm

Note The end distances are those in the direction of the resultant of the
horizontal and vertical load components (see Figure 59).

S

0

H Beam

Web plate —
P E

N v.5d /E/.Sd
.¢
.¢.

4
L 63.2 F.sa
=8 +

— S
f{ 0 4@:§§if”> M;Fi 4%;\\

Figure 59 Web plate end distances (dimensions in mm)

250f,dt

F =
b.Rd ,YMb

where o is the smallest of:
End bolt tearout in:

46
C lt = /3(1 = = .
over plate o e,/3d, 3 %22 0.70
Bea eb /3d 81 1.23
eam w o = e = = 1.
e 3x22
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Table 6.5.3



Tearing between bolt rows:

P1 90
——-025 = ——-0.25
3d, 3% 22

1.1

Bearing failure of bolt:

£/, 800/430 = 1.86

I

Bearing failure of plate o = 10

Cover plates (try two, 8 mm thick) - o, 0.7

2%x2.5x0.7x430%x20x8

Fora = = 178kN > 632kN

1.35 x 103
Beamweb-0,,, = 10

F 2.5x1.0x430x20x 8.5
bRd T 1.35 x 103

135kN > 63.2kN

satisfactory.

References

6.2.3 Shear resistance of beam web
The shear resistance of the beam web is:

EX\/_’)

\% / = A X
prRd Ymo

v

A

v

A = 4010-4%x22x8.5

v.net

t/f, = 275/430 = 0.64
A, /A, = 3262/4010

v.net v

4010 mm?

I
1l

1.04ht, = 1.04x453.6x85

i

3262 mm?

0.81 > 0.64

I

use gross shear area.

A 4010 x 275
AL - 606 kN

Vit V3 x T N3x1.05%x10°
Tmo

ie >220kN 5.4.6 (2)

satisfactory.

5.4.6 (1)

5.4.6 (4)

5.4.6 (8)
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6.2.4 Shear rupture resistance

This check ensures that the presence of bolt holes in a confined area will not
precipitate a local ‘block’ failure of the section (see Figure 60).

B nl N
+ +
+ +
Ly 270 453.6
+ +
+ +
3 <i
—t = __ 1

ik | k-

Figure 60 Block failure of the web (dimensions in mm)

The effective resistance is given by:
Veira = (fy/ \/3) A, eiilvo
where A, = tLyg
is the web thickness
= L,+L;+L,butlessthanL,

-~

v.eff

is shown in Figure 60
isa,but<5d(5d=110)
is (a2 -k do,v)(fu/fv)

= L,+a+abut<(L, +a, +a;-nd, )f/L)
(d,, is hole diameter in this case)

il aele

(B}

k = 0.5 for a single row of bolts

Example values

(Figure 60)
L,.c = 270+91.8+ (40~ 0.5 x22)(430/275) = 407 mm
LimitingL, = 270+91.8+91.8 = 4536
limited to (270 + 91.8 + 91.8 — 4 x 22) x (4305/275) = 578
L, = 407mm
\% = (275N3) 407 x 85 s3kn
eftRd 1.05%x108
ie > 220kN,
satisfactory.

References
6522

6.5.2.2 (2)
6.5.2.2 (3)

6.2.5 Shear resistance of web cover plates

Inspection shows that the shear resistance of the web cover plates will be
satisfactory as they are of a similar thickness to the beam web and subject to
only half the loading.

In-plane bending of the cover plates is also considered not to be significant,
for similar reasons.

satisfactory.
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6.3 Flange splice

Force at the flange/cover plate interface:
Fosa = Mg/h = 135x103/453.6 = 298 kN
F.rqa = shear resistance of grade 8.8,20 mm bolts = 48.0kN

Number of M20 general grade HSFG bolts required
= Fo/Fra = 298480 = 621

provide eight bolts each side of the splice.

References

6.3.1 Bearing resistance
Check bearing (see Figure 61).

Horizontal shear/bolt = F,q, = 2988 = 37.3kN

5
. 70_,.70_40[40, 70_ 70 | 40

NEEN

40 _,

40 1
SR U
100 oo I I N
D T T T T T T ———_150 191
LRI
'

Figure 61 Bearing resistance of flange splice (dimensions in mm)

It is assumed that the splice plate is thicker than the flange, so the flange
thickness should be used to determine the limiting bearing resistance.

250f,dt
Fora =

Tmo
where o is the smallest value from the following:
40

13d, = = 061
7% T 3k
70
/3d,-025 = ————--025 = 081
Pri= % 3x22
f/f, = 1.86
o, = 0.61 (end-bolttearout)
E 25af dt 2.5 x0.61 x430 x 20 x 12.7
pRA Yot - 1.2 x 103
= 139kN
ie > 373kN
satisfactory.

use 16 M20 general grade HSFG bolts for flange splices.

Table 6.5.3

Table 6.5.3
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6.3.2 Check beam flange in tension

189.9 x 12.7 2412 mm?

A = bt

A (bt;—nd)) 189.9x12.7-2x22x 127 = 1853 mm?

net

Design resistance of the net section at bolt holes of category C connections

A 1853 x 275
Npera = = — = - 485kN

retRd Ymo 1.05 x 10

Design ultimate resistance of the net section at bolt holes.

09A,. 1 0.9 x 1853 x 430

net "u

N = =
uRd Yoz 1.2 %103

= 597kN

N, .. rq gives critical value of 485 kN

ie >298 kN

satisfactory.

References

5.4.3(2)and
6.5.3.1 (4)

54.3 (1) (b)

6.3.3 Flange cover plates in tension

An adequate plate thickness will normally be assured if the next standard
plate thickness above the beam flange thickness is selected, and provided that
the plate is approximately the same width as the beam Frequently, the plate is
assumed to have the same area as the beam flange.

use 180 x 15 mm thick grade Fe 430 flange plates.
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6.4 Design procedure using the concise document (C-EC3y

This example can also be designed using the concise version of the Eurocode.
The procedure is essentially the same, except for the following check which is
much simpler.

Bearing resistance
Flange cover plates:

Edge distance = 40 mm = 2d
Pitch = 70 mm = 3.5d
- bearing strength coefficient, } = 0.64 kN/mm?

Note As the bolts are designed to be non-slip at ultimate load, [ is
determined for the case where limiting the deformation is not
necessary.

Fora = Bdtyg

Yvo = 1.35
d = 20 mm
t = 12.7mm
0.64 x20 x12.7
Fora = —135— = 120.4 kN

ie > F,q(37.3kN)

satisfactory.

References

C-EC3 Table 8.5
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