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Preface

Steel is a better construction material compared to concrete. There are several
benefits from steel construction. First of all, steel construction helps to save time.
Design of steel is simpler compared to concrete. Other than that, erection of steel is
faster than concrete. Steel also has post-construction advantages over concrete, in
which steel can be repaired easily without affecting other members, and it can be
recycled after the building is demolished.

EC3 is a design standard of steel structure, which had been enforced in the year
2010. However, in Malaysia, the usage of EC3 is still uncommon. The main reason
why these phenomena had occurred is most of the designers are still not familiar
with EC3. Other than that, we can barely find any guideline or reference to aid us in
the design of steel structure based on EC3.

This book is tailored to the needs of structural engineers who are seeking to
become familiar with the design of steel structure based on EC3.

In this book, the design procedure based on EC3 is arranged in comprehensive
flowcharts. For each step, detailed explanation and all the necessary table/equation
will be provided. Other than that, examples also provided to show the proper way to
perform design. This book also provides useful appendix, including universal
sections and their properties, and general formula of shear force, maximum bending
moment, and deflection for several selected loading condition. These appendices
serve to give convenience to the designers when they are performing design.

This book also introduces a specially developed design-aiding program. This
program can give the immediate result to the user after it receives inputs from the
user. With this program, modeling is not required and the time consumed in design
stage can be reduced.

Selangor, Malaysia Farzad Hejazi
Tan Kar Chun
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Chapter 1 )
Introduction Check or

1.1 General

Steel is a material commonly used in construction. In concrete structures, steel is
mainly used as reinforcement to increase the resistance of the concrete member in
the tension zone. In steel structures, steel is important because the structural
members are constructed purely from structural steel.

Steel is an alloy of iron and carbon, with carbon contributing between 0.2 and
2% of the weight of steel. If the alloy contains less than 0.2% carbon, it is called
wrought iron, which is soft and malleable. If the alloy contains more than 3%
carbon, it is called cast iron, which is hard and brittle.

Structural steel is basically carbon steel, which is steel with controlled amounts
of manganese, phosphorus, silicon, sulfur, and oxygen added. Carbon steel can be
further categorized according to its carbon content: mild steel (0.2-0.25% carbon),
medium steel (0.25%—0.45%), hard steel (0.45-0.85%), and spring steel (0.85—
1.85%).

As steel is a construction material, designers must know its mechanical prop-
erties. The notable mechanical properties of steel are as follows:

e Modulus of elasticity, £ = 210 x 10° N/m?
e Shear modulus, G = 81 x 10° N/m?
e Poisson’s ratio, v = 0.3
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2 1 Introduction

1.2 Advantages of Steel Structure

Figure 1.1 shows some of the advantages of steel over reinforced concrete in
construction. The design of a steel structure is simpler than that of a concrete
structure. In the design of a concrete structure, factors such as member dimension,
diameter of steel bar, and concrete grade must be determined, all of which lead to
uncertainty and variations in the design outcome. By contrast, the design of a steel
structure is fundamentally based on standard sections, which reduces uncertainty
and variations in the design outcome.

Another advantage of steel over concrete is that it can be constructed under all
kinds of weather. Given that steel frames can be fabricated off-site, the effect of
weather on the progress of the project is minimal. On the contrary, concrete frames
are commonly cast on-site, where bad weather conditions can hinder the progress of
the project.

Design simplicity

All weather
Recyclable ;
construction
N 'd
Advantages of steel
in construction
A o AN
Fasy for : :
Sk Save time
maintenance Y
Save cost

Fig. 1.1 Advantages of steel in construction
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The construction of a steel structure is also easy because it only employs the
welding or bolting process. Therefore, construction can be finished in a short time.
Fabrication of concrete, however, takes a long time because of the casting and
curing process involved.

Both all-weather construction and ease of construction can efficiently reduce
project duration, which is favorable for owners because they can generate profit as
early as possible.

1.3 Design Standard for Steel

Eurocode 3 (EC3) is a design standard belonging to a set of harmonized technical
rules called Eurocodes. Eurocodes were developed by the European Committee of
Standardization to remove all design obstacles and harmonize technical specifica-
tions in European countries. In 2010, the previously implemented BS 5950 was
superseded by EC3. The change in design standard was claimed to improve the
construction industry because EC3 allows for a more economical design compared
with BS 5950. In addition, the newly established EC3 is well arranged, less
restrictive, and more logical compared with its predecessor.

The design under Eurocodes is based on a limit state. Limit-state designs have
two types: ultimate limit state (ULS) and serviceability limit state (SLS).

ULS design is concerned with structural stability under the ultimate condition,
whereas SLS design is concerned with structural function under normal use,
occupant comfort, and building appearance. ULS and SLS designs can be carried
out by applying different partial safety factors to a load, as shown in Table 1.1.

During the design stage, one of the most important tasks, and also the most
difficult, is estimating the load to be applied to a structure. In design, load can be
classified as dead load (DL) and live load (LL).

Table 1.1 Load combinations for ULS and SLS designs (BS EN 1990 Table NA.A1.2)

Load combination for ultimate limit state Load combination for serviceability limit state
design design

1.35G; + 1.50; Gy + Ok

1.35G; + 1.5W, G + Wy

1.00G; + 1.5W; Gy + O + 0.5W,

1.35G, + 1.5Q; + 0.75W, Gr+ QO+ Wi

1.35G; + 1.05Q; + 1.5W;




4 1 Introduction

DL is defined as a permanent action (Gy) in Eurocodes, that is, the load per-
manently attached to a structure. Therefore, it is basically the self-weight of a
material for either structural or architectural purposes.

LL is defined as a variable action (Qy) in Eurocodes, that is, the load induced
from activities. It is mostly induced from human activities for most structures. In a
bridge, for instance, traffic load is considered instead. In Eurocodes, the design
values of LLs at different locations are provided.

Wind load (WL) is a type of LL. It is usually not considered except for tall
buildings. This load is hugely dependent on the terrain and location where the
building stands and the building height. Design values for WL can be obtained from
the national standard instead of from Eurocodes.

After the load is estimated, the next step is to determine the load combination.
Table 1.1 shows several options for load combinations for ULS and SLS.

1.4 I-Section

One of the most commonly used steel member sections is the I-section, also known
as the universal section. Figure 1.2 shows the terminology and dimensions of an
I-section.

Flange
!

Thickness of flange, t " ,
Root Radius :

Web -

. Depth between fillets
Thickness of web, tw _ __ Dyt 6F gkt

Width of section

Fig. 1.2 Terminology and dimension of an I-section
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1.5 Steel Design Based on EC3 Program

An special program is developed for “Steel Design Based on EC3”. The program
can perform three types of design, which is design of beam, column and connection
(Fig. 1.3).

This is a simple complementary program that gives quick result for design of
beam, column and connection.

The program can be downloaded through the following link:
http://extras.springer.com

In the main menu, one of the following options can be choose: “Design of
Beam”, “Design of Column (Simple Construction)” or “Design of Connection”, and
then click START to proceed.

For “Design of Beam” and “Design of Column (Simple Construction)”, select
the section to use before proceed to design.

e In order to design a beam, the structural analysis is required. By specifying the
supports condition and length, the structural loading will be calculated. Then,
this result will be used as design input, which will yield the section to use at the
end.

e To design a column, column support condition, length and loading on each
direction is required. Similarly, the program will determine the optimum section
for the loading condition.

e Design of connection included bolted connection and welded connection. For
bolted connection, parameter for components involved in construction of

savERSITY MALATEA
IIXTETITITEN

STEEL DESIGN BASED ON EC3  Version 20
Design Type
Design of Beam
Design of Column (Simple Construction)
Design of Connection

[smar | [_Heb ]

Developed by K.C. Tan under supervision of Dr. Farzad Hejazi
You can emad to leonhardtkc@gmail .com for suggestions to improve the program or report bug found
© Copyright . All rights reserved.

Fig. 1.3 Main menu of steel design based on EC3 program
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6 1 Introduction

connection such as steel plate and bolt, as well as design load is required. The
program will determine the number of bolt required for the considered condi-
tion. For welded connection, the steel plate parameter and design load are
required as input, while the program will determine the welding length required
for the considered condition.

The result generated from the program can be exported to Microsoft Excel
worksheet format. The output file of the program can be implemented as design
outcome.



Chapter 2 )
Beam Design ot

2.1 Introduction

Beam is a structural member subjected to a transverse load, whose direction is
perpendicular to the longitudinal axis (x-x) of the beam. Thus, a beam is designed to
resist the bending moment and shear force of the load. Generally, a beam is bent
about its major axis (y-y) (Fig. 2.1).

Beams can be categorized into two types: primary and secondary. A primary
beam supports a secondary beam and a slab while being supported only by a
column. A secondary beam supports a slab while being supported by a primary
beam or a column. Steel beams can also be categorized as laterally restrained and
laterally unrestrained. Lateral rotation and deflection are not allowed for a laterally
restrained beam. Figure 2.2 shows examples of laterally restrained beams.

By contrast, a laterally unrestrained beam is free to rotate and deflect laterally
when load is applied. Any beam without restraints on its sides is categorized as a
laterally unrestrained beam.

Fig. 2.1 Beam and its loading
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Beam connected to slab

through studs

Beam section concealed
in concrete

Flange built in slab

2 Beam Design

Beam attached by secondary beams

Fig. 2.2 Examples of laterally restrained beams

Table 2.1 Nominal values of yield strength f, and ultimate tensile strength f, for hot-rolled
structural steel (BS EN 1993-1-1:2005 Table 3.1)

Standard and steel grade (To
BS EN 10025-2)

Nominal thickness of element, t (mm)

t <40 mm 40 mm <t <80 mm
Sy (N/mm?) | f, (N/mm?) | f, (N/mm?) | f, (N/mm?)
S235 235 360 215 360
S275 275 430 255 410
S355 355 490 335 470
S450 440 550 410 550

2.2 Design Procedure for a Laterally Restrained Beam

The design procedure for a laterally restrained beam is presented below.

1. Determine the support condition (i.e., pin, roller, or fixed at both ends of the

beam).

2. Determine the DL and LL that act on the beam.
3. Choose the steel grade. Refer to BS 4 Part 1 2005 to choose the beam section
for use in construction. A table for the universal beam section and its corre-
sponding properties is provided in Appendix A.2 (Table 2.1).
4. Perform a structural analysis to determine the maximum shear force Vg, and
bending moment Mg, induced by loading. Prior to analysis, the partial safety
factor for ULS (Table 1.1) is applied to the actions determined in Step 2,
including the self-weight of the beam section.
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5. Classify the beam section. For beams, check only the section class by using the

criteria “outstand flange for rolled sections” and “web with neutral axis at
mid-depth, rolled sections” (Table 2.2).

. Determine shear resistance of the section. The shear area of the section needs to
be determined beforehand. y,,, should be set as 1.0.

Voird = M (2.1)

where

Ymo

Ay is shear area obtained from Step 6 (Table 2.3)
Sy is yield strength of steel obtained from Step 3

(BS EN 1993-1-1:2005 6.2.6(2))
7. Compare the design shear force on the structure and shear resistance of the
section. If the shear resistance of the structure is insufficient, repeat Step 3 to
choose a better section. Otherwise, proceed to Step 8.

Table 2.2 Maximum width-to-thickness ratio of the compression element (BS EN 1993-1-1:2005

Table 5.2)

Type of element Class of element

Class 1 Class 2 Class 3

Outstand flange for rolled section c/ty <9 c/ty < 10¢ c/ty < 14e
Web with neutral axis at mid depth, rolled c*/t, <72 c*/t, <83¢ ct/t, <124¢
sections

Web subject to compression, rolled sections /6y <33e | c*/t,<38e |c*/t, <42
1y 235 275 355

& 1 0.92 0.81

Where #,is thickness of flange by referring to Appendix A.2
ty is thickness of web by referring to Appendix A.2

c* = d by referring to Appendix A.2
c=0b-1,—2n2

Table 2.3 Shear area, Ay, parameter descriptions (BS EN 1993-1-1:2005 6.2.6(3))

Type of member

Shear area, Ay

Rolled I and H sections, load parallel to web

A = 2bty + (b, + 2r)ty > nhyty,

Rolled channel sections, load parallel to web

A = 2bt; + (b, + 1)ty

Rolled rectangular hollow sections of uniform thickness, Ah/(b+h)
load parallel to depth

Circular hollow sections and tubes of uniform thickness 2A/m
Plates and solid bars A
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11.

12.

13.

2 Beam Design

. Check whether the section is classified as a plated member. This step is

especially necessary for a built-up section because universal beam sections
usually do not satisfy Eq. 2.2, in which case, Step 9 is skipped. Otherwise, the
shear buckling resistance of the section should be determined according to
BS EN 1993-1-5. # is set as 1.0.

st (22)
ty n

where h,, = d +2r

d is depth between fillets by referring to Appendix A.2
r is root radius by referring to Appendix A.2

t,, is thickness of web by referring to Appendix A.2

¢ is obtained from Step 5 (Table 2.2)

(BS EN 1993-1-1:2005 6.2.6(6))
Determine the shear buckling resistance according to BS EN 1993-1-5.

. Determine the bending moment resistance of the section. Note that for a dif-

ferent section class, the section properties used are different.

W#Z:V ,Class 1 and 2 sections
Mc ra W”/’T'(‘)‘ﬂ , Class 3 sections (2.3)
Wetrminfy , Class 4 sections
/M0
where
Wy is plastic section modulus by referring to Appendix A.2

Welmin 18 minimum elastic section modulus
Wegmin 1s minimum effective section modulus
5 is yield strength of steel obtained from Step 3 (Table 2.1)

(BS EN 1993-1-1:2005 6.2.5(2))
Compare the design bending moment of the structure and the bending moment
resistance of the section. If the bending moment resistance of the structure is
insufficient, repeat Step 3 to choose a better section. Otherwise, proceed to Step 12.
Refer to BS EN 1993-1-1:2005 6.2.8(2) to check the ratio of design shear force
to shear resistance of the section. If the ratio is more than 0.5, proceed to Step
13. Otherwise, proceed to Step 15 to continue with the design.
Determine the reduced bending moment resulting from the shear force. The
formula for bending moment resistance remains unchanged, as shown in
Eq. 2.3, but the value of f, is replaced by f,,. Alternatively, reduced bending
moment can be determined directly if the section has equal flanges.
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fr = (1= p)f

Vol.rd

P= <2VE,1 1 2

VoL RA

2
(W—E" — 1) , generally

) , with Torsion

(2.4)

Alternatively,
2
(Wpl-y - Z?)fy
Mygs = ———""—""—
Ymo
where
VEea is design shear force obtained from Step 4

Vpira 1 design shear resistance obtained from Step 6 (Eq. 2.1)
Vpirra 18 design shear resistance that take torsion into account
5 is yield strength of steel obtained from Step 3 (Table 2.1)
W,y  1is plastic section modulus by referring to Appendix A.2
ty is thickness of web by referring to Appendix A.2

Ay = Ity by =d+2r

d is depth between fillets by referring to Appendix A.2
r is root radius by referring to Appendix A.2

(BS EN 1993-1-1:2005 6.2.8(3), (4), (5))

14. Compare the design bending moment of the structure and the reduced bending
moment resistance of the section. If the bending moment resistance of the
structure is insufficient, repeat Step 3 to choose a better section. Otherwise,

proceed to Step 15.

15. Determine the maximum deflection of the structure under the loading specified
in Step 2. The load combination for this calculation should be any of those
specified for the SLS design, as shown in Table 1.1.

16. Determine the allowable deflection of the structure (Table 2.4).

Table 2.4 Vertical deflection limit A,; (BS EN 1993-1-1:2005 NA2.23)

Design situation

Vertical deflection limit, A,y

Cantilever Length/180
Beams carrying plaster of other brittle finish Length/360
Other beams (except purlins and sheeting Length/200

rails)

Purlins and sheeting rails

To suit the characteristics of particular
cladding
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17. Compare the maximum deflection of the structure and the allowable deflection.
If the deflection of the structure exceeds the allowable deflection, repeat Step 3
to choose a better section. Otherwise, proceed to Step 18.

18. Check whether the section is an overdesign by checking the ratio of design
value to resistance for shear and bending and the ratio of maximum deflection
to allowable deflection. If both ratios are less than 0.5, repeat Step 3 and choose
a smaller section to ensure optimum design.

2.2.1 Design Flowchart for a Laterally Restrained Beam

( ST/IRT )

1. Determine Support Condition

!

2. Determine Loading

!

3. Select Steel Grade and Beam Section

(Refer Table 2.1 and Appendix A2)

A

4. Determine Vg, and Mgy

5. Classify Section
(Refer Table 2.2)

!

6. Determine Shear Resistance

(Refer Table 2.3 and Eq. 2.1)

No

Yes
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8. Plated Member
(Refer Eq. 2.2)

9. Shear Buckling
Resistance OK

10. Determine Bending Moment Resistance

A

(Refer Eq. 2.3)

12. ZEd5 5
VRd

13. Determine Reduced Bending
Moment Resistance

(Refer Eq. 2.4)

14, 2Ed <
MU,Rd

B2

13
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15. Determine Maximum Deflection

!

16. Determine Allowable
Deflection

(Refer Table 2.4)

y

A
17. =maxo
Aau

DESIGN
FINISHED

2.2.2 Example 2-1 Design of a Laterally Restrained Beam

Select the optimum section of a beam 5 m in length and subjected to a uniform load
(Fig. 2.3). Use steel grade S235. Assume the beam is laterally restrained and sits on
100 mm bearings at each end. Take the self-weight of the beam into account.

=3kIN/
IR R

J.._S,
Voo v oy gy oy y g GeokNm

Fig. 2.3 Example 2-1
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Step | Reference Action/calculation Conclusion
1 References are to The beam is simply supported
BS EN 1993-1-1 unless
otherwise stated
2 Permanent action, G; = 5 kKN/m
Variable action, Q; = 3 KN/m
3 Table 3.1 Steel grade = S235 fy =235 N/mm?
Assume the thicknesses of web and flange
are less than 40 mm:
f, = 235 N/'mm®
BS 4 Part 1 2005 Randomly choose a beam section for the
first trial:
Select beam section 305 x 127 x 37
The properties of the section is as follows:
Mass per meter = 37 kg/m
Depth of section, D = 304.4 mm
Width of section, b = 123.4 mm
Thickness of web, ¢, = 7.1 mm
Thickness of flange, #r = 10.7 mm
Root radius, r = 8.9 mm
Depth between fillets, d = 265.2 mm
Second moment of area about major
(y-y) axis, I,
= 7171 cm*
Elastic modulus about major
(=) axis, Wi,
=471 cm®
Plastic modulus about major
(y-y) axis, W,
=539 cm’
Area of section, A = 47.2 cm?
4 Self-weight of beam section Design

= 37 kg/m x 9.81 N/kg

= 0.36 kN/m

For ULS, partial factor of safety for both
permanent action and variable action
selected are 1.35 and 1.5 respectively
Ultimate load, w,,;,

= 1.35G; + 1.50%

= 1.35(5 + 0.36) + 1.5(3)

= 11.74 kN/m

load = 11.74 kN/m

For simply supported beam, V; and Mg,
can be determined using equation below:
VEa

wu L

T2

_ 1174x5

2
= 29.35 kN

Vea = 29.35 kKN

MEgq

— Wi L?
_ 11.74x5?

8
= 36.69 kKNm

Mgy = 36.69 KNm

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

5

Table 5.2

Section classification:
i. f, =235 N/mm”
e=1
Class 1
ii. Rolled section, outstand flange:
. b—t,—2r
¢ = btu=2r
_ 1234-7.1-2(8.9)

2
=49.25 mm
tr=10.7 mm

£ =93 — 4.60<9¢(=9)

Class 1
iii. Rolled section, web with neutral axis
at mid depth:
c*=d
=265.2 mm
t, =7.1 mm
¢ =252 =37.35<72(=72)
Class 1
Therefore, the section is class 1

Section class 1

6.2.6(3)

For I beam with load applied on flange,
consider the case of rolled I sections with
load parallel to web:

Shear area, A,

= A = 2Dty + (8, + 21)tf

=472 x 10> — 2(123.4)

(10.7) + (7.1 + 2(8.9))(10.7)

= 2345.67 mm®

6.2.6(2)

a— A(s/V3)
pLRd = Mo
— 2345.67x235
V3

3
= 318.25 kN

Vpl,Rd = 31825 kN

Vea 2935 _
Ve = 23— 0.09<1

The shear resistance of the section is
adequate

Ver — (.09

Voi.ra

6.2.6(6)

Check for shear buckling failure:
h,=d+2r
=265.2 +2(8.9)
=283 mm
t, = 7.1 mm
=280 =3986<725(=72)

Shear buckling check is not required

This step is skipped as shear buckling
check is not required

10

6.2.5(2)

For Class 1 section,
Bending moment resistance, M, gq = M,
Rd

— Wpl[\'

~ I
— 539x10°°x235x10°

1
= 126.67 kNm

M, ga = 126.67 KNm

(continued)
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Step

Reference

Action/calculation

Conclusion

11

Mgy 36.69
=—>=029<1
M.ra 126.67
The bending resistance of the section is

adequate

MEq
M, c,Rd

=0.29

6.2.8(2)

Check for combination of shear and

bending failure:

Vea 2935
= =0.09<0.5
Voika 31825

Reduction in bending resistance is not
required

13

This step is skipped as reduction in
bending resistance is not required

14

This step is skipped as reduction in
bending resistance is not required

15

For SLS, partial factor of safety for both
permanent action and variable action
selected is 1.0.
Serviceability load, wy,,
= lon + IOQk
= 1.0(5.36) + 1.0(3)
= 8.36 kN/m
For simply supported beam, maximum
deflection can be determined using
equation below:
Maximum deflection, A,

SwL*
"~ 384EI

5% 8.36 x 10° x 5

T 384 x 210 x 10° x 7171 x 108
=452 x 107 m
= 4.52 mm

Ao = 4.52 mm

NA2.23

Assume the beam carries plaster of other
brittle finishes: Allowable deflection, A,
L

~ 360
5

~ 360
= 0.01389 m
= 13.89 mm

Ay = 13.89 mm

17

A 452
A, 13go 033l

The deflection is allowable

18

Check the following ratio:
Vea 2935
Vora 318.25
Mg 36.69
=—=029

M.gs 126.67 0

Apae 452

=——=1033

Aar 13.89

All ratios are significantly small.

Therefore, the beam

section 305 x 127 x 37 is not optimum
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Step 3 is repeated in the design process because the optimum section is required
(Fig. 2.4).

Step | Reference | Action/calculation Conclusion

3 Steel grade = $235 £, = 235 N/mm?
Assume the thicknesses of web and flange are less
than 40 mm:

f, = 235 N/mm*

BS 4 Part | Select beam section 254 x 102 x 22

1 2005 The properties of the section is as follows:

Mass per meter = 22 kg/m

Depth of section, D = 254.0 mm

‘Width of section, b = 101.6 mm

Thickness of web, 7, = 5.7 mm

Thickness of flange, #, = 6.8 mm

Root radius, r = 7.6 mm

Depth between fillets, d = 225.2 mm

Second moment of area about major (y-y) axis, I,

= 2841 cm*
Elastic modulus about major (y-y) axis, W,;,
=224 cm®
Plastic modulus about major (y-y) axis, W,
=259 cm®
Area of section, A = 28.0 cm?
4 Self-weight of beam section
= 22 kg/m x 9.81 N/kg
= 0.22 kN/m

For ULS, partial factor of safety for both permanent | Design

action and variable action selected are 1.35 and 1.5 |load = 11.55 kN/m
respectively.

Ultimate load, w,;,

= 1.35G; + 1.50;

= 1.35(5 + 0.22) + 1.5(3)
= 11.55 KN/m

For simply supported beam, Vg, and Mg, can be Vea = 28.88 kKN
determined using equation below:
VEa

Wu L

_ 1155x5
2

= 28.88 kN

Mgq Mg, = 36.09 kNm

_ wal?

8
_ 1155x5?

8
= 36.09 kNm

(continued)
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Step

Reference

Action/calculation

Conclusion

5

Table 5.2

Section classification:
i. f, = 235 N/mm®
e=1
Class 1
ii. Rolled section, outstand flange:
c= bft,§72r
_ 101.6-57-2(7.6)
2

= 40.35 mm
Q-68mm
t/ 4035 =5.93<9(=9)
Class 1
iii. Rolled section, web with neutral axis

at mid depth:
c*=d

=225.2 mm

= 5.7 mm
€ =22 =39.51<72¢(=72)
Class 1
Therefore, the section is class 1

Section class 1

6.2.6(3)

For I beam with load applied on flange, consider the
case of rolled I sections with load parallel to web:
Shear area, A,

=A = 2bt; + (t,, + 21)ty

=28 x 10> — 2(101 6)(6.8) + (5.7 + 2(7.6))(6.8)
= 1560.36 mm>

6.2.6(2)

A(/V3)
plLRA = M0
_ 1560.36x235
V3

= 211.71 kN

Vv,

§Z

LRd = 21171 kN

Vea _ 28.88 __
Voew = 21171 =0.14<1

The shear resistance of the section is adequate

Ve — ().14

Voira

6.2.6(6)

Check for shear buckling failure:
h, =d+2r

=2252 + 2(7.6)

=240.4 mm
t, =5.7 mm

by — 2004 =42.18<725(=72)

o
Shear buckhng check is not required

This step is skipped as shear buckling check is not
required

10

6.2.502)

For Class 1 section,

Bending moment resistance, M gq = M ra
— Wp’yfy

Mo
__ 259%x107°x235x10°
- 1
= 60.87 kNm

M, gq = 60.87 kNm

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

11

Mps __ 36.08 _
s = qog7 = 0.59<1

The bending resistance of the section is adequate

M — ()59

M ra

12

6.2.8(2)

Check for combination of shear and bending failure:

Vea __ 2888 __
P = 2585 — 0.14<0.5

Reduction in bending resistance is not required

13

This step is skipped as reduction in bending
resistance is not required

14

This step is skipped as reduction in bending
resistance is not required

15

For SLS, partial factor of safety for both permanent
action and variable action selected is 1.0
Serviceability load, w,,,

= 1.0G; + 1.00;

= 1.0(5.22) + 1.0(3)

= 8.22 kN/m

For simply supported beam, maximum deflection can
be determined using equation below:

Maximum deflection, A,
_ SwLt

— 384Kl

_ 5x8.22x10% x5*

T 384x210x10°x2841x10-°
=0.01121 m

= 11.21 mm

A = 11.21 mm

16

NA2.23

Assume the beam carries plaster of other brittle
finishes, Allowable deflection, A,
= 3%
_ 5
360
= 0.01389 m
= 13.89 mm

Aall = 13.89 mm

17

Apar 1121 _
At = 1380 = 081<1

The deflection is allowable

Apar
s — .81

18

Check the following ratio:

__ 2888 __
21171 T 0.14

Vg
Volra
Mps
M ga

Apae 1121
Aa — 13.89 — 0.81

Although the value of % is significantly small, but
iR
Mgq
the value of Moag
Ana

2 is approaching 1. Therefore, the beam

section 254 x 102 x 22 is optimum

is greater than 0.5 and the value of
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Steel Grade 1016
Structural
Analysis @ 5235
Beam Length {m) 5 7 i 5275 76
k—
5355
Support Condition Pn-Pin 254 ad
— L
Lateraly Restrained? START -J—T_I
@ Yes No i 68
Print Result
7] Inchude beam sef weight 0 ] 25810222
2 kg/m
Design Output Dimensions are in mm
Plated member? No
UB Section Selected 254010222 Class 1
Design Shear Forca kN) Shear Resistance kN) Ratio
2887 211N 0.14
Design Banding Moment {kNm) Bending Moment Resistance jkNm)
3608 60.87 055
Madmum Deflection fmm) Alowable Deflection (mm)
na 1389 0.8

Fig. 2.4 Result for Example 2-1 using steel design based on EC3 program

2.2.3 Example 2-2 Design of a Laterally Restrained Beam

Check the suitability of a 305 x 102 x 25 section for a beam 7 m in length and
subjected to a uniform load (Fig. 2.5). Use steel grade S235. Assume the beam is
laterally restrained and sits on 100 mm bearings at each end. Take the self-weight
of the beam into account (Fig. 2.6).

Y Q,=2kN/m

Vo oy oy oy y Gk

Fig. 2.5 Example 2-2
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2 Beam Design

C\ o =
Structural e
Analysis o 5235
Beam Length {m) 7 5275 76
5355 58
Support Condition Pn-Pin 1
Lty R
9 Yes No 7
;
7] Inchude beam sef weight 20510225
248  kgm
Design Output Dimensions are in mm
Plated member? No
UB Section Selected 30510225 — ;
Design Shear Force kN) Shear Resistance (kN) Ratio
2585 26570 0.10
Design Bending Moment (cNm) Bending Moment Resistance (kNm)
4523 2037 056
Masimum Deflection fmm) Alowable Defiection fmm)
1754 19.44 090
Fig. 2.6 Result for Example 2-2 using steel design based on EC3 program
Step | Reference Action/calculation Conclusion
1 References are to From figure, the beam is simply supported
BS EN 1993-1-1
unless otherwise
stated
2 Permanent action, Gy = 3 kN/m
Variable action, @ = 2 kKN/m
3 Table 3.1 Steel grade = $235 f, = 235 N/mm®

Assume the thicknesses of web and flange are
less than 40 mm:
f, = 235 N/mm’

BS 4 Part 1 2005

Try the following beam section:
Select beam section 305 x 102 x 25

The properties of the section is as follows:
Mass per meter = 24.8 kg/m

Depth of section, D = 305.1 mm

Width of section, b = 101.6 mm

Thickness of web, 7, = 5.8 mm

Thickness of flange, #; = 7.0 mm

Root radius, r = 7.6 mm

Depth between fillets, d = 275.9 mm

Second moment of area about major

(y-y) axis, Iy

= 4455 cm*

Elastic modulus about major (y-y) axis, Wel,y
=292 cm’

Plastic modulus about major (y-y) axis, Wpl,y
=342 cm’

Area of section, A = 31.6 cm?

(continued)
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Step

Reference

Action/calculation

Conclusion

4

Self-weight of beam section

= 24.8 kg/m x 9.81 N/kg

= 0.24 kN/m

For ULS, partial factor of safety for both
permanent action and variable action selected are
1.35 and 1.5 respectively

Ultimate load, w,;,

= 1.35G; + 1.50;

= 1.35(3 + 0.24) + 1.5(2)

= 7.37 kN/m

Design
load = 7.37 kN/m

For simply supported beam, Vg, and Mg, can be
determined using equation below:
VEa

Wi L

; 13x7
= 25.82 kN

Veqa = 25.82 kKN

— wul?
- 8

— 137x7
- 8

= 45.14 kNm

Mg, = 45.14 KNm

Table 5.2

Section classification:
i f, =235 N/mm®
e=1
Class 1
ii. Rolled section, outstand flange:
_ b—t,—2r
¢ = botw=2r
_ 1016-58-2(76)

2
= 40.30 mm
tr="7 mm
i = @ =5.76<9%(=9)
Class 1
iii. Rolled section, web with neutral axis at mid
depth:
c*=d
=275.9 mm
t, = 5.8 mm
¢t 2759
; =<5 = 47.57<72¢(=72)
Class 1
Therefore, the section is class 1

Section class 1

6.2.6(3)

For I beam with load applied on flange, consider
the case of rolled I sections with load parallel to
web:

Shear area, A,

=A = 2bty+ (1, + 21)1f

=31.6 x 10* — 2(101.6)(7) + (5.8 + 2(7.6))(7)
= 1884.60 mm’

6.2.6(2)

A(5/V3)

Vv =
pLRd Tmo

_ 1884.60 x 235

V3
= 255.70 kN

Vpl,Rd = 255.70 kN

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

7

Vead _ 2582 _
Vo = 25570 — 010 <1

The shear resistance is adequate

Ve — .10

Vplra

6.2.6(6)

Check for shear buckling failure:
hy=d+2r

=275.9 + 2(7.6)

=291.1 mm
t, = 5.8 mm
hy,  291.1 €
58 50.19<725(_ 72)
Shear buckling check is not required

This step is skipped as shear buckling check is
not required

10

6.2.5(2)

For Class 1 section,
Bending moment resistance, M, gq = My gra
_ Wuh

Mo

342 x107° x 235 x 109

1
= 80.37 kNm

M, s = 80.37 kNm

11

Mg, 4514
== 0.56<1
Mera 8037

The bending resistance of the section is adequate

M = 0.56

M ra

12

6.2.8(2)

Check for combination of shear and bending
failure:

Vea 2582
Voga 25570
Reduction in bending resistance is not required

=0.10<0.5

13

This step is skipped as reduction in bending
resistance is not required

14

This step is skipped as reduction in bending
resistance is not required

15

For SLS, partial factor of safety or both
permanent action and variable action selected is
1.0.

Serviceability load, wy,,

= 1.0G; + 1.0Q;

= 1.0(3.24) + 1.0(2)

= 5.24 kN/m

For simply supported beam, maximum deflection
can be determined using equation below:
Maximum deflection, A,
_ SwL*
"~ 384E1
5x524x10° x 74
7384 x 210 x 109 x 4455 x 103
=0.01751 m
= 17.51 mm

Ao = 17.51 mm

(continued)
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(continued)

Step | Reference Action/calculation Conclusion

16 NA2.23 Assume the beam carries plaster of other brittle | A,y = 19.44 mm
finishes, Allowable deflection, A,
L

= 360
_1

— 360

= 0.01944 m

= 19.44 mm

17 Apax 1751 Aur — (0.90
=—=090<1 A :
Aa 1944 = !
The deflection is allowable

18 Check the following ratio:
Vi 25.82
B o_ =010

Voigra 25570

Mg, 4514
=056
M.ra 8037

Ame 17.51
== —0.90
Aa 1944

The section is suitable for the condition. Other

than that, the value of AA“‘;* is approaching 1, while

the value of A’;”;’d is 0.5. Therefore, the beam

section 305 x 102 x 25 is optimum

2.2.4 Example 2-3 Design of a Laterally Restrained Beam

Check the suitability of a 305 x 102 x 28 section for the propped cantilever beam
8 m in length and subjected to a uniform load (Fig. 2.7). Use steel grade S235, and
assume the beam is laterally restrained. Ignore the self-weight of the beam. If the
said section is not suitable, briefly describe the action to be taken to make the
section suitable for this condition.

L =SkN/m
Q.‘ !

Gy =4kN/m

Fig. 2.7 Example 2-3
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2 Beam Design

Step

Reference

Action/calculation

Conclusion

References are to
BS EN 1993-1-1
unless otherwise
stated

From figure, the support condition
of beam is fixed-pinned

Permanent action, Gy = 4 KN/m
Variable action, @y = 5 kN/m

Table 3.1

Steel grade = S235

Assume the thicknesses of web and
flange are less than 40 mm:

£, = 235 N/mm*

f, = 235 N/mm?

BS 4 Part 1 2005

Try the following beam section:
Select beam section
305 x 102 x 28

The properties of the section is as
follows:

Mass per meter = 28.2 kg/m
Depth of section, D = 308.7 mm
Width of section, » = 101.8 mm
Thickness of web, #,, = 6.0 mm
Thickness of flange, 7= 8.8 mm
Root radius, r = 7.6 mm

Depth between fillets,

d =275.9 mm

Second moment of area about
major

(y-y) axis, Iy

= 5366 cm®

Elastic modulus about major
(y-y) axis, Wel,y

= 348 cm®

Plastic modulus about major
(y-y) axis, Wpl,y

= 403 cm®

Area of section, A = 35.9 cm?

For ULS, partial factor of safety for
both permanent action and variable
action selected are 1.35 and 1.5
respectively

Ultimate load, w,;,

= 1.35G; + 1.50;

= 1.35(4) + 1.5(5)

= 12.90 kN/m

Design
load = 12.90 kN/m

For propped cantilever (beam with
fixed-pinned support condition),
Vg and Mg, can be determined
using equation below:

Vea

— Swyl

_ 5x12.90x8
8
= 64.50 kN

VEqa = 64.50 kN

(continued)
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Step

Reference

Action/calculation

Conclusion

M, Ed

— wul?
-8
— 12.90x 82
8
= 103.20 kNm

Mpg = 103.20 kNm

Table 5.2

Section classification:
i. f, = 235 N/mm®
e=1
Class 1
ii. Rolled section, outstand flange:
_ b=t,=2r
€=">3

_ 101.8-6-2(7.6)

= 2

40.3 mm

tf = 8.8 mm
s 403 =4.58<9(=9)
r

Class 1
iii. Rolled section, web with neutral
axis at mid depth:
c*=d
=275.9 mm
t =6 mm
= 275 0 = 45.98 <72¢(= 72)
Class 1
Therefore, the section is class 1

Section class 1

6.2.6(3)

For I beam with load applied on
flange, consider the case of rolled I
sections with load parallel to web:
Shear area, A,

=A = 2bt; + (t,, + 2r)ty

=359 x 10*> — 2(101.8)

(8.8) + (6 + 2(7.6))(8.8)

= 1984.88 mm>

6.2.6(2)

ALV
Voira = %
_ 1984.88x235
- V3
= 269.30 kN

Vv,

pLRd = 269.30 kN

Vea __ 64.50
Vi = 20930 — 0-24 <1

The shear resistance is adequate

Volra

AL =0.24

6.2.6(6)

Check for shear buckling failure:
h,=d+2r
=275.9 + 2(7.6)
=291.1 mm
t, = 6 mm
b =B = 48.52<72E(=T2)

t
Shear buckllng check i 1s not
required

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

9

This step is skipped as shear
buckling check is not required

10

6.2.5(2)

For Class 1 section,
Bending moment resistance, M
Rd = Mpira
— Wk
Tmo
_ 403%1075%235x10°

1
= 94.71 KNm

M, gq = 94.71 kNm

11

Mpa 10320
Mo — 10320 _ 1,09 > |

The bending resistance of the
section is not adequate

Me — 1,09

M Ra

The section specified is not suitable for the situation. Besides selecting a larger

section, higher-grade steel such as grade S275 can be used.

Step

Reference

Action/calculation

Conclusion

3

Steel grade = S275

The thicknesses of web and flange are 6.0 mm
and 8.8 mm, which are less than 40 mm

£, = 275 N/mm’®

f, =275 N/mm’

BS 4 Part
1 2005

Use beam section 305 x 102 x 28

The properties of the section is as follows:
Mass per meter = 28.2 kg/m

Depth of section, D = 308.7 mm

Width of section, » = 101.8 mm

Thickness of web, #,, = 6.0 mm

Thickness of flange, 7, = 8.8 mm

Root radius, r = 7.6 mm

Depth between fillets, d = 275.9 mm

Second moment of area about major (y-y) axis,
Iy

= 5366 cm*

Elastic modulus about major (y-y) axis, Wel,y
= 348 cm’

Plastic modulus about major (y-y) axis, Wpl,y
= 403 cm’

Area of section, A = 35.9 cm®

From previous calculation,
Ultimate load, w,,;,

Design
load = 12.90 kN/m

= 12.90 kN/m

Vi Vs = 64.50 kKN

= 64.50 kN

MEd MEd = 103.20 kNm
= 103.20 kNm

(continued)
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Step

Reference

Action/calculation

Conclusion

5

Table 3.1

Section classification:

i. f, = 275 N/mm®

£=0.92

Class 2

ii. Rolled section, outstand flange:
_ b—t,—2r

c="7

_ 101.8-6-2(76)

2
=40.3 mm
tr= 8.8 mm

£ =403 = 458 <9¢(=8.28)

Class 1
iii. Rolled section, web with neutral axis at mid
depth:
c*=d
=275.9 mm
t, = 6 mm
€ = 239 — 45.98 <72¢(= 66.24)
Class 1
Therefore, the section is class 2

Section class 2

6.2.6(3)

For I beam with load applied on flange,
consider the case of rolled I sections with load
parallel to web:

Shear area, A,

=A = 2bt; + (t,, + 2r)ty

=359 x 10% — 2(101.8)(8.8) + (6 + 2(7.6))
(8.8)

= 1984.88 mm?

6.2.6(2)

A (f/V3
Voira = (},M )

198488 X 275

V3
= 315.14 kN

Viira = 315.14 kKN

Via  64.50
= —0.20<]1
Voira  315.14

The shear resistance is adequate

T = 0.20

Voira

6.2.6(6)

Check for shear buckling failure:
h,=d+2r

=275.9 + 2(7.6)

=291.1 mm
t, = 6 mm
by _PL1_ g 501 (=)
ty 6 n

Shear buckling check is not required

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

9

This step is skipped as shear buckling check is
not required

10

6.2.5(2)

For Class 2 section,
Bending moment resistance, M, gz = My ga
_ Wy

Ym0
403 x 1076 x 275 x 10°

1
= 110.83 kNm

M gq = 110.83 kNm

11

Mg, 103.20
M.gs 110.83
The bending resistance of the section is
adequate

=093<1

M — ()93

M ra

12

6.2.8(2)

Check for combination of shear and bending
failure:

Vea __ 6450 __
Vo = 315.02 = 0-20<0.5

Reduction in bending resistance is not required

13

This step is skipped as reduction in bending
resistance is not required

14

This step is skipped as reduction in bending
resistance is not required

15

For SLS, partial factor of safety or both
permanent action and variable action selected
is 1.0.
Serviceability load, wy,,
= 1.0G, + 1.00;
= 1.0(4) + 1.0(5)
= 9 kN/m
For propped cantilever, maximum deflection
can be determined using equation below:
Maximum deflection, A,

wL*
- 185EI

9 x 103 x 8

185 x 210 x 102 x 5366 x 108
= 0.01768 m
= 17.68 mm

A,ue = 17.68 mm

16

NA2.23

Assume the beam carries plaster of other brittle
finishes, Allowable deflection, A,y
— L
— 360
_ 8
360
=0.02222 m
= 22.22 mm

Aall =22.22 mm

(continued)
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(continued)
Step | Reference | Action/calculation Conclusion
Apae _ 17.68 _ Apge
Y a =209 = 0.80<1 Bps = 0.80
The deflection is allowable
18 Check the following ratio:

Ve _ 6450 _ o0

Voara 315.14

Mg, 10320

Megs 110.83 093

Apax  17.68
=_—""-=1080

Aag 2222

By increase the steel grade, the beam section

become adequate. The values of A’y*k’d and Aﬁ*

are approaching 1. Therefore, the beam
section 305 x 102 x 28 is optimum

2.3 Design Procedure for a Laterally Unrestrained Beam

The design procedure for a laterally unrestrained beam is as follows:

1.

2.

Determine the support condition (i.e., pin, roller, or fixed at both ends of the
beam).

Determine the DL and LL that act on the beam.

Choose the steel grade (refer to Table 2.1). Refer to BS 4 Part 1 2005 to choose
the beam section for use in construction. A table for the universal beam section
and its corresponding properties is provided in Appendix A.2.

Perform a structural analysis to determine the maximum shear force Vg, and
bending moment M, induced by loading. Prior to the analysis, the partial safety
factor for ULS (Table 1.1) is applied to the actions determined in Step 2,
including the self-weight of the beam section.

Classify the beam section (refer to Table 2.2).

Determine the critical buckling moment using the equation below. The support
condition influences the effective length of the member subjected to buckling, as
shown in Table 2.5 (Refer to Appendix A.2 for the section properties of the
beam sections).

 =EL <1W (KL)2G1,> 25)

“ (kL) \ \L = nEL
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Tablg 2.5 Values of Support condition Effective length factor, K
effective length factor K for -
: i Fixed-fixed 0.7
different support conditions - -
(BS5950: Part 1 4.7.10) Fixed-pinned 0.85
Pinned-pinned 1.0
Fixed-free 2.0

where

E is modulus of elasticity of steel = 210 x 10° N/m?

I, is second moment of area about z-z axis by referring to Appendix A.2
K is effective length factor obtained from Step 6 (Table 2.5)

L is length of beam

I,, is warping constant by referring to Appendix A.2

G is shear modulus of steel = 81 x 10° N/m?

I, 1is torsional constant by referring to Appendix A.2

(SNOO3b Access Steel document)

7. Determine the slenderness for lateral torsional buckling A;7 using the equation

below.
Words .
%7 Class 1 and 2 sections
Jir = %7 Class 3 sections (2.6)
% ,Class 4 sections
where

Wiy s plastic section modulus about y-y axis by referring to Appendix A.2
W,y 1is elastic section modulus about y-y axis by referring to Appendix A.2
Weyy is effective section modulus about y-y axis

5 is yield strength of steel obtained from Step 3 (Table 2.1)

M., is critical buckling moment obtained from Step 6 (Eq. 2.5)

(BS EN 1993-1-1:2005 6.3.2.2(1))

8. Determine the imperfection factors for lateral-torsional buckling, o;7 and ¢ 7.
These values may be determined using two approaches: general case approach,
which is applicable to all section types, and rolled section approach, which is
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Table 2.6 Values of the Rolled I section

imperfection factor oy 7 for

different approaches (BS EN General case

“Rolled section” approach

1993-1-1:2005 Tables 6.3, ~ 2Pproach
5.2, and 5.2) Limit o Limit orr
hjb<2 021 hjb<2 0.34
h/b>2 034 2<h/b<3.1 0.49
h/b> 3.1 0.76

Where £ is depth of section by referring to Appendix A.2

b is width of section by referring to Appendix A.2

only applicable to rolled sections. The depth of the section is denoted by 4. Both
approaches may generate values with significant differences.

b, = 0.5 [1 +oyr (ZLT — 0.2) + EZT] , “General Case” approach
=305 [1 +oyr (jLLT — 0.4) + 0.752;] , “Rolled Section” approach

where

opr is imperfection factor obtained from Step 8 (Table 2.6)
Jur is slenderness for lateral torsional buckling obtained from Step 7 (Eq. 2.6)

(2.7)

(BS EN 1993-1-1:2005 6.3.2.2(1) and 6.3.2.3(1))

9. Determine the lateral torsional buckling reduction factor ;7. In case the rolled

section approach is used, refer to Table 2.7.

1

ALT = 5 =
Grr+ \ brr — Air

For “Rolled Section” approach

1

ALr = > >
brr+/ brr — 0.75;7

, “General Case” approach

sxr <land yp <

f=1-0501-K)[1 =200z - 08)’] <1

ALT
XLT,mod = T S 1

(2.8)
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where

¢, is obtained from Step 8 (Eq. 2.7)
Jur is slenderness for lateral torsional buckling obtained from Step 7 (Eq. 2.6)
Kc  is correlation factor for moment distribution obtained from Step 9 (Table 2.7)

(BS EN 1993-1-1:2005 6.3.2.2(1) and 6.3.2.3(1))

10. Determine the buckling moment resistance. When the rolled section approach is
used in the previous steps, xr7.moq should be used instead of y;7 in the fol-
lowing equation. y,,; should be set as 1.0.

X Wiy /’% , Class 1 and 2 sections

My ra = < L Weiy b , Class 3 sections (2.9)

M1
N

L Wepry ﬁ , Class 4 sections

Table 2.7 Correlation Moment distribution Ke
between moment distribution
and K, (BS EN 1
1993-1-1:2005 Table 6.6)
y=1
I
-1l=y=1
~— - 0.94
[~ ] 0.90
4 0.91
yd
— 0.86
—] 0.77
0.82

Where  is the ratio of moment at two ends
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where

W,

pLy

is plastic section modulus about y-y axis by referring to Appendix A.2

Wey 1is elastic section modulus about y-y axis by referring to Appendix A.2
Wy, is effective section modulus about y-y axis

5

ALT

11.

12.

13.

14.

15.
16.

17.

is yield strength of steel obtained from Step 3 (Table 2.1)
is lateral torsional buckling reduction factor obtained from Step 9 (Eq. 2.8)

(BS EN 1993-1-1:2005 6.3.2.1(3))

Compare the design bending moment of the structure and the buckling moment
resistance of the section. If the buckling moment resistance of the structure is
insufficient, repeat Step 3 to choose a better section. Otherwise, proceed to
Step 12.

Determine the shear resistance of the section by referring to Table 2.3 and
Eq. 2.1.

Compare the design shear force on the structure and the shear resistance of the
section. If the shear resistance of the structure is insufficient, repeat Step 3 to
choose a better section. Otherwise, proceed to Step 14.

Determine the maximum deflection of the structure under the loading specified
in Step 2. The load combination for this calculation should be any of those
specified for the SLS design, as shown in Table 1.1.

Determine the allowable deflection of the structure by referring to Table 2.4.
Compare the maximum deflection and allowable deflection of the structure. If
the deflection of the structure exceeds the allowable deflection, repeat Step 3 to
choose a better section. Otherwise, proceed to Step 17.

Check whether the section is an overdesign by checking the ratio of design
value to resistance for shear and bending and the ratio of maximum deflection
to allowable deflection. If both ratios are less than 0.5, repeat Step 3 and choose
a smaller section to ensure optimum design.
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2.3.1 Design Flowchart for a Laterally Unrestrained Beam

s D

v
1. Determine Support Condition

v

2. Determine Loading

A 4

3. Select Steel Grade and Beam Section

(Refer Table 2.1 and Appendix A2)

y

4. Determine Viggzand Mgy,

A 4

5. Classify Section
(Refer Table 2.2)

!

6. Determine Critical Buckling Moment

(Refer Appendix A2, Table 2.5 and Eq.
2.5)

i

7. Determine A

(Refer Appendix A2 and Eq. 2.5)

y

8. Determine ¢;

(Refer Table 2.6 and Eq. 2.7)

v

9. Determine y;r

(Refer Table 2.7 and Eq. 2.8)
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El
A

10. Determine Buckling Moment
Resistance

(Refer Eq. 2.9)

v

M

b,Rd
Yes

12. Determine Shear Resistance

(Refer Table 2.3 and Eq. 2.1)

No
Yes

14. Determine Maximum
Deflection

v

15. Determine Allowable
Deflection

(Refer Table 2.4)

Aan
Y

€s
0

Yes
17. Over-design

N

DESIGN
FINISHED
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2.3.2 Example 2-4 Design of a Laterally Unrestrained Beam

Check the suitability of a 457 x 191 x 89 section for a beam 10 m in length and
subjected to a uniform load (Fig. 2.8). Use steel grade S235. Assume the beam is
laterally unrestrained and sits on 100 mm bearings at each end. Ignore the
self-weight of the beam. If the said section is not suitable, briefly describe the action

to be taken to make the section suitable for this condition.

Fig. 2.8 Example 2-4

' Q,=5kN/m

' G =10kN/m

Step | Reference Action/calculation Conclusion
1 References are to | From figure, the beam is simply supported

BS EN 1993-1-1

unless otherwise

stated
2 Permanent action, G; = 10 kN/m

Variable action, Qx = 5 KN/m

3 Table 3.1 Steel grade = S235 £, = 235 N/mm?

Assume the thicknesses of web and flange
are less than 40 mm:
£, = 235 N/mm*

BS 4 Part 1 2005

Try the following beam section:
Select beam section 457 x 191 x 89
The properties of the section is as follows:
Mass per meter = 89.3 kg/m

Depth of section, D = 463.4 mm
Width of section, b = 191.9 mm
Thickness of web, 7, = 10.5 mm
Thickness of flange, #r = 17.7 mm
Root radius, r = 10.2 mm

Depth between fillets, d = 407.6 mm
Second moment of area about major
(y-y) axis, Iy

= 41020 cm*

Second moment of area about minor
(z-2) axis, Iz

= 2089 cm*

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
Elastic modulus about major (y-y) axis, Wel,y
= 1770 cm®
Plastic modulus about major (y-y) axis, Wpl,y
= 2014 cm’
Warping constant, I,, = 1.04 dm®
Torsional constant, I, = 90.7 cm*
Area of section, A = 114 cm®
4 For ULS, partial factor of safety for both permanent Design
action and variable action selected are 1.35 and 1.5 load = 21.00 kN/m
respectively
Ultimate load, w,;,
= 135G, + 1.50;
= 1.35(10) + 1.5(5)
= 21.00 kN/m
For simply supported beam, Vg, and Mg, Veq = 105.00 kN
can be determined using equation below:
VEd
— wul
_ 21x10
2
= 105.00 kN
Mgq Mg, = 262.50 kNm
— wul?
8
_ 21x10°
8
= 262.50 kNm
5 Table 5.2 Section classification: Section class 1
i. f, = 235 N/mm*
e=1
Class 1
ii. Rolled section, outstand flange:
c= b—té—Z»‘
_191.9 - 10.5 — 2(10.2)
- 2
= 80.50 mm
tp=17.7 mm
i = % =4.55<9%(=9)
Class 1
iii. Rolled section, web with neutral axis at mid depth:
c*=d
=407.6 mm
ty = 10.5 mm
:—W = % = 38.82<72¢(=T72)
Class 1
Therefore, the section is class 1
6 SNO003b access Critical buckling resistance can be determined using M., = 202.83 kNm
steel document equation below. For simply supported beam, effective
length factor, K is taken as 1.0:
_ mEl, | (I, , (KL)’GI,
k) \ \ L L
_ 7 x 210 x 10° x 2089 x 108
(1.0 x 10)*
. (1.04 x 100 (1.0 x 10)*x81 x 10° x 90.7 x 10-*)
2089 x 10-8 72 x 210 x 10° x 2089 x 10-8

(continued)
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(continued)

2 Beam Design

Step | Reference

Action/calculation

Conclusion

= 202.83 kNm

7 6.3.2.2(1)

For Class 1 section, slenderness for lateral torsional buckling
can be determined using equation below:

)~LT =

_ \/2014 x 106 x 235 x 10°

202.83 x 10?
=153

Jur = 1.53

8 Table 6.3
Table 6.4

h_ D _ 4634 _
b~ b 1919 2.4

Determine imperfection factor using “General Case” approach:

L=241>2

our = 0.34

dur = 0.5[1+our (ur — 0.2) +774]
=05 [1 1034 x (1.53 - 0.2) + (1.53)2}
=189

b =189

9 6.3.2.2(1)

Lateral torsional buckling reduction factor can be determined
using equation below:
1

Ty =
QZ)LT + ¢LT - ALT
1

189 +/(1.89)° ~(1.53)°
=033

sr = 0.33

10 |632.103)

For Class 1 section,
My ra = XLTu/pI.yhi
Tm1

~0.33 2014 x 107° x 235 x 10°
B 1.0

= 156.18 kNm

My, g = 156.18 kNm

Mps  262.50
Myga  156.18
The bending resistance of the section is not adequate

=1.68 > 1

M — 168

My ra

The section specified is not suitable for the situation. Besides selecting a larger
section, higher-grade steel may be selected or the buckling length of the beam may
be reduced by providing a secondary beam or support at the mid-span of the beam

(Fig. 2.9).

From the program, the optimum section for beam subjected to condition as
specified in Example 2-4 is 533 x 210 x 122. This section is obviously larger than
proposed 457 x 191 x 89 section. Therefore, the proposed section is inadequate.

2.3.3 Example 2-5 Design of a Laterally Unrestrained Beam

A secondary beam is connected to the mid-span of the primary beam by shear
connection. The reaction force of the secondary beam is 30 kN. Select the optimum
section for the primary beam 10 m in length (Fig. 2.10). Use steel grade S235.
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Steel Grade
Structural
Analysis @ 5235
Beam Length §m) 10 5275
5355
Support Condition PnPin
Lty et
Yes ® No
— Prirt Result
Include beam self weight
Design Output
Flated member? No
UB Section Selected 533210122 : Clist 1
Design Shear Force kN) Shear Resistance (kN) Ratio
105.00 988.38 on
Design Banding Moment (Nem) Banding Moment Resistance fNm)
26250 27744 0395
Marmum Deflection ) Alowable Deflection fmm)
1223 2178 0.44

41

533210x122

122 kg/m
Demensions are in mm

Fig. 2.9 Result for Example 2-4 using steel design based on EC3 program

Assume the primary beam is laterally unrestrained and sits on 100 mm bearings at
each end. Ignore the self-weight of the beam.

Step | Reference Action/calculation Conclusion
1 References are to | From figure, the beam is simply supported

BS EN 1993-1-1

unless otherwise

stated
2 Permanent action, G = 10 kN/m

Variable action, @y = 5 KN/m

3 Table 3.1 Steel grade = S235 fy =235 N/mm?

Assume the thicknesses of web and flange are less than
40 mm:
£, = 235 N/mm>

BS 4 Part 1 2005

Randomly choose a beam section for the first trial:
Select beam section 457 x 191 x 89

The properties of the section is as follows:
Mass per meter = 89.3 kg/m

Depth of section, D = 463.4 mm

Width of section, b = 191.9 mm
Thickness of web, t, = 10.5 mm
Thickness of flange, #,= 17.7 mm

Root radius, r = 10.2 mm

Depth between fillets, d = 407.6 mm
Second moment of area about major

(y-y) axis, Iy

= 41020 cm*

Second moment of area about minor

(z-z) axis, Iz

= 2089 cm*

(continued)
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2 Beam Design

(continued)
Step | Reference Action/calculation Conclusion
Elastic modulus about major (y-y) axis, Wel,y
= 1770 cm®
Plastic modulus about major (y-y) axis, Wply
= 2014 cm’
Warping constant, I, = 1.04 dm®
Torsional constant, I, = 90.7 cm®*
Area of section, A = 114 cm?
4 For ULS, partial factor of safety for both permanent action Design
and variable action selected are 1.35 and 1.5 respectively load = 21.00 kN/m
Uniformly distributed load, w,;,
= 135G, + 1.50;
= 1.35(10) + 1.5(5)
= 21.00 kN/m
By principle of superposition, Vz, and Mg, for simply Via = 120.00 kN
supported beam can be determined using equation below:
VEa
— 1 g
=05
= 120.00 kN
Mgq Mg, = 337.50 kNm
_ w,,%L2 + 1%
— 200 3010
= 337.50 kNm
5 Table 5.2 Section classification: Section class 1
i. f, = 235 N/mm’
e=1
Class 1
ii. Rolled section, outstand flange:
_ 191.9-10.5-2(10.2)
= 2
= 80.50 mm
ty=17.7 mm
€830 455<9¢(=9)
Class 1
iii. Rolled section, web with neutral axis at mid depth:
c*=d
=407.6 mm
t, = 10.5 mm
;— = % = 38.82<72¢(=72)
Class 1
Therefore, the section is class 1
6 SNO003b access Critical buckling resistance can be determined using equation | M., = 525.88 kNm
steel document below. For simply supported beam, effective length factor,
K is taken as 1.0
The addition of secondary beam divides the primary beam
into 2 sections with length of 5 m each. The buckling length is
hence reduced to 5 m
_ mEl | (I, , (KL)’GI,
7 (KL)? L n2EIL
-~ 7% x 210 x 10° x 2089 x 10~%
(1.0 x 5)*
« 1.04 x 107° n (1.0 x 5)2><81 % 10° x 90.7 x 1078
2089 x 10-8 72 x 210 x 10° x 2089 x 10-8
= 525.88 kNm

(continued)
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(continued)

Step | Reference Action/calculation Conclusion

7 6.3.2.2(1) For Class 1 section, slenderness for lateral torsional buckling | 7,7 = 0.95
can be determined using equation below:

2014 x 106 x 235 x 100
525.88 x 103

=0.9.
8 Table 6.3 L=D_484_24] ¢ = 1.08
Table 6.4 Determine imperfection factor using “General Case”
approach:
h=241>2
orr = 0.34
_ = =2
¢rr =051+ o7 (i —0.2) + 774
=05 [1 1£0.34 x (0.95 — 0.2) + (0.95)2}
=1.08

9 6.3.2.2(1) Lateral torsional buckling reduction factor can be determined | y;; = 0.63

using equation below:
1

P
bur -+ ir — Air

1

1.08 + 1/(1.08)—(0.95)*
=0.63
10 6.3.2.1(3) For class 1 section, My, ga = 298.17 kKNm

My ra = 117 Wiy =
M1
©0.63 x 2014 x 1076 x 235 x 106

= 298.17 kNm

Mu _ 33750 _ i
i Mra = 2517 = 113> 1 s =113

The bending resistance of the section is not adequate

The section specified is not suitable for the situation. Select a larger section and
repeat the design.

Step | Reference | Action/calculation Conclusion

3 Table 3.1 | Steel grade = S235 fy =235 N/mm®
Assume the thicknesses of web and flange are less than 40 mm:
£, = 235 N/'mm®

BS 4 Part | Select beam section 533 x 210 x 101

1 2005 The properties of the section is as follows:

Mass per meter = 101 kg/m

Depth of section, D = 536.7 mm

Width of section, » = 210 mm

Thickness of web, #,, = 10.8 mm

Thickness of flange, #f = 17.4 mm

Root radius, r = 12.7 mm

Depth between fillets, d = 476.5 mm

Second moment of area about major (y-y) axis, Iy
= 61520 cm®

Second moment of area about minor (z-z) axis, Iz
= 2692 cm®

Elastic modulus about major (y-y) axis, Wel,y

= 2292 cm®

(continued)
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(continued)

2 Beam Design

Step | Reference

Action/calculation

Conclusion

Plastic modulus about major (y-y) axis, Wpl,y
= 2612 cm®

Warping constant, I,, = 1.81 dm®

Torsional constant, , = 101 cm*

Area of section, A = 129 cm?

From previous calculation:

VEa
= 120.00 kN

Via = 120.00 kKN

Mgy
= 337.50 kNm

Mgy = 337.50 kKNm

5 Table 5.2

Section classification:

i. f, = 235 N/mm?

e=1

Class 1

ii. Rolled section, outstand flange:

_ bty

¢ = btu=2r

_ 210-10.8-2(12.7)
2

= 86.90 mm
tr=17.4 mm
£=50=499<9(=9)
Class 1
iii. Rolled section, web with neutral axis at mid depth:
ct=d

=476.5 mm
t, = 10.8 mm
=470 = 44.12<72¢(= 72)
Class 1
Therefore, the section is class 1

Section class 1

6 SN003b
access
steel
document

Critical buckling resistance can be determined using equation below. For
simply supported beam, effective length factor, K is taken as 1.0:
n*EL

I, . (KL)*GI,
(KL)? I, n2El,
7 x 210 x 107 x 2692 x 1078
(1.0 x 5)°

X 1.81x10-6 + (l.0><5)2><81><10‘7><101><10’K
2692x10°F 2 x210x10%x2692x 10~

= 719.37 kNm

cr

M., = 719.37 kNm

7 6.3.2.2(1)

For Class 1 section, slenderness for lateral torsional buckling can be
determined using equation below:

P Wotyfy
LT —
M.,

_ \/2612 x 1076 x 235 x 109

719.37 x 10
=0.92

Jor =0.92

8 Table 6.3
Table 6.4

h_D_ 5367 _ 9 56
b= b 210 :
Determine imperfection factor using “General Case” approach:
h=241>2
arr = 0.34
$ur =051+ a7 (Zor — 0.2) + 77,]
=05 [1 10.34 % (0.92 - 02) + (0.92)2}

=1.05

bz = 1.05

(continued)
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Step

Reference

Action/calculation

Conclusion

9

6.3.2.2(1)

Lateral torsional buckling reduction factor can be determined using
equation below:
1

Y roa
G+ — Air
1

105 4 1/(1.05—(0.92)°
= 0.64

sur = 0.64

6.3.2.1(3)

For Class 1 section,
My ra = JC]_TWpl,vi
M1
~ 0.64 x 2692 x 1076 x 235 x 10°
B 1.0

= 404.88 kNm

M,
ra = 404.88 kNm

Mpg __ 337.50 _
Mra = t0438 = 0-83<1

The bending resistance of the section is adequate

Meq
M — 083

6.2.6(3)

For I beam with load applied on flange, consider the case of rolled I
sections with load parallel to web:

Shear area, A,

=A = 2bty+ (1, + 20ty

=129 x 10* — 2(210)(17.4) + (10.8 + 2(12.7))(17.4)

= 6221.88 mm”

6.2.6(2)

o (h/V3)
pLRd o
622188235
V3

= 844.17 kN

Vi ra = 844.17 kKN

Vea  _ 120.00 _
i = 12000 — 0.14<1

The shear resistance is adequate

Ve — .14

A

For SLS, partial factor of safety or both permanent action and variable
action selected is 1.0

Serviceability load, w,,

= 1.0G; + 1.00;

= 1.0(10) + 1.0(5)

= 15 kN/m

By principle of superposition, maximum deflection of the illustrated
simply supported beam can be determined using equation below:
Maximum deflection, A,

_ SwLt + PL?
T 384E1 " 48EI

5x 15 x 10° x 10*

30 x 10% x 10°

T 384 x 210 x 10° x 61520 x 10-° ' 48 x 210 x 10° x 61520 x 10-8
= 0.01996 m

= 19.96 mm

A = 19.96 mm

NA2.23

Assume the beam carries plaster of other brittle finishes, Allowable
deflection, A
=4
_ 1o
360
= 0.02777 m
= 27.77 mm

Aoy = 27.77 mm

Ao _ 1996 _
Jo=gg77 = 0.72<1

The deflection is allowable

B —
2 = 072

(continued)
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(continued)
Step | Reference | Action/calculation Conclusion
17 Check the following ratio:
1,’/‘[4’)5;;, =3020=1083
V‘,/yt;;:l = % =014
G = 1956 = 0.72

Mea oo Amar
My ra

section 533 x 210 x 101 is considered optimum

The values of

R=30kN

Y Q,=5kN/m

!
! L | 1 ’ | T T T | G =10kN/m

Fig. 2.10 Example 2-5

2.3.4 Example 2-6 Design of a Laterally Unrestrained Beam

Select the optimum section for a cantilever beam subjected to a uniform load
(Fig. 2.11). Use steel grade S235 and take the self-weight of the beam into account.

QSKNmy oy

Gy =5kN/m !

L=3m

Fig. 2.11 Example 2-6
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Step | Reference Action/calculation Conclusion
1 References are to From figure, the support condition of beam is fixed-free

BS EN 1993-1-1

unless otherwise

stated

2 Permanent action, G = 5 kKN/m
Variable action, Qg = 3 KN/m

3 Table 3.1 Steel grade = S235 fy=1235 N/mm?
Assume the thicknesses of web and flange are less than
40 mm:
£, = 235 N/mm®

BS 4 Part 1 2005 Randomly choose a beam section for the first trial:
Select beam section 254 x 146 x 37
The properties of the section is as follows:
Mass per meter = 37 kg/m
Depth of section, D = 256 mm
Width of section, b = 146.4 mm
Thickness of web, #,, = 6.3 mm
Thickness of flange, #r = 10.9 mm
Root radius, » = 7.6 mm
Depth between fillets, d = 219 mm
Second moment of area about major (y-y) axis, Iy
= 5537 cm*
Second moment of area about minor (z-z) axis, Iz
=571 em®
Elastic modulus about major (y-y) axis, Wel,y
=433 e’
Plastic modulus about major (y-y) axis, Wpl,y
=483 cm’
Warping constant, /,, = 0.086 dm®
Torsional constant, I, = 15.3 cm*
Area of section, A = 47.2 cm?

4 Self-weight of beam section Design load =
= 37 kg/m x 9.81 N/kg 11.74 kN/m
= 0.36 kN/m
For ULS, partial factor of safety for both permanent action
and variable action selected are 1.35 and 1.5 respectively
Uniformly distributed load, w,;,
= 135G, + 1.50
= 1.35(5 + 0.36) + 1.5(3)
= 11.74 kN/m
For cantilever, Vg, and Mg, can be determined using Vea = 35.22 kN
equation below:

Vea
= wy L
=11.74x3
= 35.22 kN
Mgy Mg, = 52.83 kNm
— wyl?
_ 11.74x3?
2
= 52.83 kNm
5 Table 5.2 Section classification: Section class 1

i. f, =235 N/mm’
e=1
Class 1

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

ii. Rolled section, outstand flange:
bty=2r
c=

_ 146.4-6.3-2(7.6)

= 2

= 62.45 mm
tr=10.9 mm
i =24 — 573 <9¢(=9)
Class 1
iii. Rolled section, web with neutral axis at mid depth:
c*=d

=219 mm
w = 0.3 mm
j— = % = 3476 <72¢(=72)
Class 1
Therefore, the section is class 1

SNO0O03b access steel
document

Critical buckling resistance can be determined using
equation below. For cantilever, effective length factor, K is
taken as 2.0:

cr

_ El, | (1, , (KLYGL

k) \ \E n2EI

%210 x 10° x 571 x 107#
(2.0 x 3)*

x 0.086x10¢ . (2.0x3)*x81x10°x15.3x10~8
TS7Ix10° T T a?x210x10° x571x 105

= 75.51 kNm

M,, = 7551 kNm

6.3.2.2(1)

For Class 1 section, slenderness for lateral torsional buckling
can be determined using equation below:

Wotfy

cr

/483 x 1076 x 235 x 10°
N 75.51 x 103

ZLT =

Jor = 1.23

Table 6.3
Table 6.4

=123
LoD 26 75
Determine imperfection factor using “Rolled Section”
approach:
1=175<2
Using “Rolled Section” approach,
oy = 0.34

$ur = 0.5[1+ouz (Ar — 0.4) +0.7517]
=05 [1 40.34 % (1.23 — 0.4) +0.75 x (1.23)2}
=121

G =121

6.3.2.2(1)

Lateral torsional buckling reduction factor can be
determined using equation below:
1

P roarer
S+ P — 07577

1

1214+/(121)° 075 x (1.23)°
=056
L= L2 0.66 > 11(= 0.56)

W

Aex.moa = 0-61

(continued)



2.3 Design Procedure for a Laterally Unrestrained Beam

(continued)

49

Step

Reference

Action/calculation

Conclusion

Bending moment diagram for the beam is shown as below:

0

52.83kNm
The moment distribution is compared with the tabulated
pattern. K is taken as m
Ratio of moment at two ends should between —1 and 1. So,
the numerator and denominator should be arranged
accordingly to make the result falls within the range:
V=55 =0
Ke = 15303300 = 075
f=1-05(1=Ke)[1 = 2(ar - 08)’]

= 1-0.5(1-0.75) [1 (123 — 0.8)2]

=0.92
Lateral torsional buckling reduction factor can be

determined using equation below:

ALT mod = 1}1 = % =0.61

6.3.2.1(3)

For Class 1 section,
Myra = 111 Wpiy b
Tm1
061 x 483 x 107° x 235 x 10°

1.0

= 69.24 kNm

My ra = 69.24 KNm

My _ 5283 _
o = o024 = 0.76<1

The bending resistance of the section is adequate

EL = 0.76

My ra

6.2.6(3)

For I beam with load applied on flange, consider the case of
rolled I sections with load parallel to web:

Shear area, A,

=A = 2bt; + (1, + 2r)tf

=472 x 10% — 2(146.4)(10.9) + (6.3 + 2(7.6))(10.9)

= 1762.83 mm*

6.2.6(2)

AhIV3
V”I'Rd= (f//w/o )

_ 1762.83x235
V3

= 239.18 kN

Vipirra = 239.18 kKN

Vea 3522
Ve = 230,18 = 0.15<1

The shear resistance is adequate

Vi — (.15

Vplra

For SLS, partial factor of safety or both permanent action
and variable action selected is 1.0.

Serviceability load, w,,

= 1.0G; + 1.00;

= 1.0(5.36) + 1.0(3)

= 8.36kN/m

For cantilever, maximum deflection can be determined using
equation below:

— wLt

~ 8EI
8.36x10% x3*

T 820X 107X 3TXT0°
=728 x 10 "m

= 7.28 mm

Ao = 7.28 mm

(continued)
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(continued)

2 Beam Design

Step

Reference

Action/calculation

Conclusion

15

NA2.23

For cantilever beam,
Allowable deflection, A
=T
= 3

180
= 0.01667 m
= 16.67 mm

A = 16.67 mm

Ao _ 7.28 _
A 1667 T 0.44<1

The deflection is allowable

Apar
A =0.44

Check the following ratio:
M — 5283 _ (.76

M) ra 69.24

Veg _ 3522 _
Vorra 23918 — 0.15

Apoe _ 728 _
Aa — 1667 T 0.44

The values of

A%E:] is more than 0.5. Therefore, the beam

section 254 x 146 x 37 is adequate. However, a smaller
beam section may be selected

Step 3 is repeated to using a smaller section.

Step

Reference

Action/calculation

Conclusion

3

Table 3.1

Steel grade = S235

Assume the thicknesses of web and flange are less than 40 mm:

£, = 235 N/mm’

f, =235 N/mm®

BS 4 Part 1
2005

Select beam section 254 x 146 x 31

The properties of the section is as follows:

Mass per meter = 31.1 kg/m

Depth of section, D = 251.4 mm

Width of section, b = 146.1 mm

Thickness of web, t,, = 6.0 mm

Thickness of flange, ;= 8.6 mm

Root radius, r = 7.6 mm

Depth between fillets, d = 219.0 mm

Second moment of area about major (y-y) axis, Iy
= 4413 cm*

Second moment of area about minor (z-z) axis, Iz
= 448 cm*

Elastic modulus about major (y-y) axis, Wel,y
=351 cm®

Plastic modulus about major (y-y) axis, Wpl,y
=393 cm®

Warping constant, I,, = 0.066 dm®

Torsional constant, /, = 8.55 cm*

Area of section, A = 39.7 cm?

Self-weight of beam section

= 31.1 kg/m x 9.81 N/kg

= 0.31 kN/m

For ULS, partial factor of safety for both permanent action
and variable action selected are 1.35 and 1.5 respectively.
Uniformly distributed load, w,;,

= 1.35G; + 1.50;

= 1.35(5 + 0.31) + 1.5(3)

= 11.67 kN/m

Design load =
11.67 kN/m

(continued)
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Step

Reference

Action/calculation

Conclusion

For cantilever, Vg, and Mg, can be determined using equation
below:

VEa

= wuL

=11.67x3

= 35.01 kN

Vea = 35.01 kN

Mg,
— wyl?
- 2

— 1167x32
- 2

= 52.52 kNm

Mgy = 52.52 KNm

Table 5.2

Section classification:

i. f, = 235 N/mm?

e=1

Class 1

ii. Rolled section, outstand flange:

_ b—t,—2r

¢ = betu=2r

_ 146.1-6.0-2(7.6)
2

= 62.45 mm
tr= 8.6 mm
i = % =7.26<9%(=9)
Class 1
iii. Rolled section, web with neutral axis at mid depth:
c*=d

=219.0 mm
t,, = 6.0 mm
;— = % =36.50<72¢(=72)
Class 1
Therefore, the section is class 1

Section class 1

SNO003b access
steel document

Critical buckling resistance can be determined using equation
below. For cantilever, effective length factor, K is taken as 2.0:
n2EI

by (KL)*GI,
(KL)* L n2El,
7w x 210 x 10° x 448 x 107

(2.0 x 3)%

0066 x 10 (20 3)°x81 x 10° x 8.5 x 10~%
448 x 108 72 x 210 x 107 x 448 x 108

= 52.60 kNm

cr

M., = 52.60 kNm

6.3.2.2(1)

For Class 1 section, slenderness for lateral torsional buckling can
be determined using equation below:

Ty = /Wplof,v
LT M,;,
/393 x 106 x 235 x 109
N 52.60 x 103

=133

Jur =133

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
8 Table 6.3 b=D=Zld_17 ¢ =132
Table 6.4 Determine imperfection factor using “Rolled Section” approach:
1=17<2
Using “Rolled Section” approach,
arr = 0.34
bur = 0.5[1+oy7 (Aur — 0.4) +0.7572 ]
05 [1 034 % (133 — 0.4) +0.75 x (1.33)2]
=132
9 6.3.2.2(1) Lateral torsional buckling reduction factor can be determined A1t moa = 0.54
using equation below:
P s
Gy +1\/ b — 0.5/
-~ 1
1324+/(132)° 075 x (1.33)?
=0.51
i =357 = 0.56 > g7 (= 0.51)
Bending moment diagram for the beam is shown as below:
0
52.52KNm
The moment distribution is compared with the tabulated pattern.
Kcis taken as m
Ratio of moment at two ends should between —1 to 1. So, the
numerator and denominator should be arranged accordingly to
make the result falls within the range:
V=550
Ke = 3303300 = 075
f=1-05(1 = Ko)[1 = 2(har - 08)’]
=1-0.5(1-0.75) [1 —2(1.33 - 0.8)2}
=0.95
Lateral torsional buckling reduction factor can be determined
using equation below:
LT mod = kfﬂ = % =054
10 6.3.2.1(3) For Class 1 section, M, gg = 49.87 kKNm
My ra = 107 Wpiy f—y
M1
054 x 393 x 107° x 235 x 10°
B 1.0
= 49.87 kNm
Mg _ 5252 _ Meg
. i = doa = 105> 1 My — 105
The bending resistance of the section is not adequate
The beam section 254 x 146 x 31 is found unsuitable.
Therefore, the beam section selected for first trial,
254 x 146 x 37 is concluded as an optimum section
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2.4 Exercise: Beam Design

2-1 A secondary beam is connected to the primary beam by shear connection
(Fig. 2.12). Select the optimum section for the primary beam. Use steel grade
S235. Assume the primary beam is laterally unrestrained and sits on 100 mm
bearings at each end. Ignore the self-weight of the beam.

2-2 Check the suitability of a 305 x 165 x 46 section for the beam shown in
Fig. 2.13. Use steel grade S275 and assume the beam is laterally unrestrained.
Take the self-weight of the beam into account. Compare the bending moment
resistances obtained when rolled section and the general case approaches are
used.

R=25kN

' Q,=3kN/m

I R EEEEL

3m Sm

— —— -—

Fig. 2.12 Question 2-1

' Q,=5kN/m

=3 /
| I A R B A R A R A B | G =3kN/m

L=7m

—— -—

Fig. 2.13 Question 2-2
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<N/
Voo g ook

EEEEEEEEEREE) . .

L=9m

—- -—

Fig. 2.14 Question 2-3

=0k N/
IR

Py oy oy gy gy g GkNm

L=12m

- -—

Fig. 2.15 Question 2-4

R,=40kN R,=27kN

Y Q=6kN/m

T l'l T 1 !‘1’ T 1 ‘Gk=3kNIm

2m 4m 3m

— - P —

Fig. 2.16 Question 2-5
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2-3

2-4

2-5

Select the optimum section for the beam in Fig. 2.14. Use steel grade S235 and
assume the beam is laterally restrained. Consider the self-weight of the beam.
Select the optimum section for the beam in Fig. 2.15. Use steel grade S235
and assume the beam is laterally restrained. Consider the self-weight of the
beam.

Select the optimum section for the beam in Fig. 2.16. Use steel grade S275.
Assume the primary beam is laterally unrestrained and sits on 100 mm
bearings at each end. Ignore the self-weight of the beam.



Chapter 3 )
Column Design ot

3.1 Introduction

Column is a structural member that supports beams and slabs by carrying their
loads down to the foundation. The direction of its load is along the longitudinal axis
(x-x). Thus, column is primarily a compression member (Fig. 3.1).

Other than an axial load, a column may also be subjected to a bending moment.
This bending moment is usually due to the eccentricity of the reaction force from
the beam or the slab.

A column can be categorized either as short or slender based on the slenderness
ratio. Slenderness ratio is the ratio of column length to its cross-sectional effective
width. A high slenderness ratio indicates a slender column. A short column usually
fails by crushing, whereas a slender column usually fails by buckling (Fig. 3.2).

In EC3, a column can be designed using a simplified approach. This approach,
however, is only applicable to simple construction. The beam—column connection
must be pinned, and the bending moment resulting from the eccentricity of the
beam—column connection should be insignificant.

© Springer Nature Singapore Pte Ltd. 2018 57
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Fig. 3.1 Column and its
loading

Fig. 3.2 Failure modes of
columns

3 Column Design

Load

Load
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Table 3.1 Nominal values of yield strength f, and ultimate tensile strength f, of hot-rolled
structural steel (BS EN 1993-1-1:2005 Table 3.1)

Standard and Steel Grade (To Nominal Thickness of element, t (mm)

BS EN 10025-2) t <40 mm 40 mm <t < 80 mm
f,(Nmm?) | £,(N/mm?) | f,(N/mm?) | f,(N/mm?)

S235 235 360 215 360

S275 275 430 255 410

S355 355 490 335 470

S450 440 550 410 550

3.2 Design Procedure for a Column

The design procedure for a column is as follows:

1.

2.

Determine the support condition (i.e., pin, roller, or fixed at the base of the
column).

Determine the reaction of the beams.

Choose the steel grade (refer to Table 3.1). Refer to BS 4 Part 1 2005 to choose the
column section for use in construction. A table for the universal section commonly
used for columns and their corresponding properties is provided in Appendix A.3.
Determine the design axial load and the design bending moments about the
y-y and z-z axes. Design axial load is the summation of the total reaction (the
design shear force of the beam) at the beam—column connection and the load
applied to the column. The design bending moment about the y-y and the
z-z axes is the moment induced by the eccentricity of the beam—column con-
nection. In other words, ensuring that the shear force acting on the beam will
act on the centroid of the column is difficult, and consequently, column bending
will occur because of such eccentricity. The bending moment about the y-y axis
is induced by the beam connected to the column flange, and the bending
moment about the z-z axis is induced by the beam connected to the column
web. The point at which shear force acts on the beam depends on the size of the
bearing where the edges of the beam stand. Given that the moments induced by
the opposite sides of the flange and the web about the same axis are in opposite
directions, these moments will counter each other.

According to the SNOO5a-EN-EU Access Steel document, the beam reaction is
assumed to act at 100 mm from the face of the column. Therefore, if the
bearing size is not specified, the beam reaction can be assumed to be 100 mm.

Ngg = Z VEa i + load on column (3.1)
i=1
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where Vg, is reaction of beams obtained from Step 2
. . D L
M, gq = Shear difference in y-y x <E + bearing szze) (3.2)
where D is depth of column section by referring to Appendix A.3
t
M_ gq = Shear difference in z-z x (EW + bearing size) (3.3)

where ¢,, is thickness of web of column section by referring to Appendix A.3

5. Classify the column section. To carry out the classification, check only under
the criteria “outstand flange for rolled sections” and “web subject to com-
pression, rolled sections” (Table 3.2).

Table 3.2 Maximum width-to-thickness ratio of the compression element (BS EN 1993-1-1:2005
Table 5.2)

Type of element Class of element
Class 1 Class 2 Class 3
Outstand flange for rolled section c/tr <9¢ c/ty <10¢ c/ty <lde

Web with neutral axis at mid depth, rolled &/, <T2¢ */t, <83¢ |c*/t, <124¢
sections
Web subject to compression, rolled sections c*/t, <33¢ c*/t, <38¢ c*/t, <42¢
f 235 275 355

€ 1 0.92 0.81

Where # is thickness of flange by referring to Appendix A.3

hy is thickness of web by referring to Appendix A.3

¢ = d by referring to Appendix A.2

c=@0b—t,— 202

6. Determine the non-dimensional slenderness 1. When the support conditions at
the base of the column about the y-y and z-z axes are different, the
non-dimensional slenderness for both the y-y and z-z axes should be considered.
Otherwise, consider only the minor axis.

_k 1 \/fy (3.4)
1 T E

where K is effective length factor obtained from Step 6 (Table 3.3)

Ny

Tablg 3.3 Values of the Support condition Effective length factor, K
effective length factor K for

- o, Fixed-Fixed 0.7
different support conditions - -
(BS5950: Part 1 4.7.10) Fixed-Pinned 0.85
Pinned-Pinned 1.0

Fixed-Free 2.0
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L is length of column

i is radius of gyration by referring to Appendix A.3

Sy 1s yield strength of steel obtained from Step 3 (Table 3.1)
E is modulus of elasticity of steel = 210 x 10° N/m?

(BS EN 1993-1-1:2005 6.3.1.3(1))
7. Determine ®. Consider only the minor axis to determine the imperfection
factors.

¢ =0.5[1+a(i—02)+ 7] (3.5)

where 4 is depth of section by referring to Appendix A.3
b is width of section by referring to Appendix A.3

tris thickness of flange by referring to Appendix A.3

o is imperfection factor obtained from Step 7 (Table 3.4)

A is non-dimensional slenderness obtained from Step 6 (Eq. 3.4)
(BS EN 1993-1-1:2005 6.3.1.2(1))

Table 3.4 Values of the imperfection factor o for different section geometries (BS EN
1993-1-1:2005 Tables 6.1 and 6.2)

Limits Buckling about axis Imperfection factor, o
% >1.2 tr <40 mm y-y 0.21
7z 0.34
40 mm <t < 100 mm y-y 0.34
Z-Z 0.49
% <12 tr <100 mm y-y 0.34
-z 0.49
tr > 100 mm y-y 0.76
z-Z 0.76

8. Determine the reduction factor 7.

1
(=— <10
G+ — 2

where ¢ is obtained from Step 7 (Eq. 3.5)

A is non-dimensional slenderness obtained from Step 6 (Eq. 3.4)
(BS EN 1993-1-1:2005 6.3.1.2(1))
9. Determine the buckling resistance of the column.

{Af" ,Class 1,2 and 3 sections
Ny — | (3.7)

Aot .
Leptly f:ﬁ , Class 4 sections
M
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10.

11.

12.

3 Column Design

where A is area of section by referring to Appendix A.3
Ay is effective area of section
Sy 1s yield strength of steel obtained from Step 3 (Table 3.1)

(BS EN 1993-1-1:2005 6.3.1.1(3))
Compare the design compression force and buckling resistance of the column.
If the design compression force exceeds the design buckling resistance of the
column, repeat Step 3 to choose a better section. Otherwise, proceed to Step 11.
Determine the critical buckling moment. The support condition influences the
effective length of the member subjected to buckling (refer to Appendix A.3 for
the section properties of column sections and Table 3.3 for the values of K).

_ 7EL (1W (KL)2G1,> 58)

T k)P \\L  mEL

where E is modulus of elasticity of steel = 210 x 10° N/m?

I, is second moment of area about z-z axis by referring to Appendix A.3
K is effective length factor obtained from Step 6 (Table 3.3)

L is length of column

I,, is warping constant by referring to Appendix A.3

G is shear modulus of steel = 81 x 10° N/m?

I, is torsional constant by referring to Appendix A.3

(SN003b Access Steel document)
Determine the slenderness for lateral-torsional buckling s

\/ W#‘ﬁ , Class 1 and 2 sections

At = %, Class 3 sections (3.9)
Wﬁg—‘f, Class 4 sections

where:

W,y is plastic section modulus about y-y axis by referring to Appendix A.3
Wy, is elastic section modulus about y-y axis by referring to Appendix A.3
Wy s effective section modulus about y-y axis

f, 1s yield strength of steel obtained from Step 3 (Table 3.1)

M., is critical buckling moment obtained from Step 11 (Eq. 3.8)

(BS EN 1993-1-1:2005 6.3.2.2(1))
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Tabl:f 3.5 V?Jutes of thlf Limit o
imperfection factor oz for
different approaches (BS EN hjb<2 0.21
1993-1-1:2005 Tables 6.3and /b >2 0.34
6.4) Where h is depth of section by referring to Appendix A.3
b is width of section by referring to Appendix A.3
13. Determine the imperfection factors for lateral-torsional buckling, ¢;7 and ¢; .

14.

15.

16.

¢ = 0.5[1 + oz (Aer — 0.2) + A7,] (3.10)

where o7 is imperfection factor obtained from Step 13 (Table 3.5)
Jrr is slenderness for lateral torsional buckling obtained from Step 12 (Eq. 3.9)
(BS EN 1993-1-1:2005 6.3.2.2(1))

Determine the lateral torsional buckling reduction factor y; ;.

1

AT =
Grr+ Y, ¢LT /“LT

where ¢, ; is obtained from Step 13 (Eq. 3.10)
o7 is slenderness for lateral torsional buckling obtained from Step 12 (Eq. 3.9)

(BS EN 1993-1-1:2005 6.3.2.2(1))
Determine the buckling moment resistance.

(3.11)

X Woiy - y , Class 1 and 2 sections
Mpyra = yLTWd‘ V , Class 3 sections (3.12)

Lt Wepr y w/ , Class 4 sections

where

W, s plastic section modulus about y-y axis by referring to Appendix A.3
W, is elastic section modulus about y-y axis by referring to Appendix A.3
Wz, is effective section modulus about y-y axis

f, 1s yield strength of steel obtained from Step 3 (Table 3.1)

yrr 1s lateral torsional buckling reduction factor obtained from Step 14
(Eq. 3.11)

(BS EN 1993-1-1:2005 6.3.2.1(3))
Compare the design bending moment of the structure and the buckling moment
resistance of the section. If the buckling moment resistance of the structure is
insufficient, repeat Step 3 to choose a better section. Otherwise, proceed to Step 17.
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17.

18.

19.

3 Column Design

Determine the bending moment resistance about the z-z axis.

M

M. @ , Class 1 and 2 sections (3.13)
d = %{g Class 3 sections |

where

W, is plastic section modulus about z-z axis by referring to Appendix A.3
W, is elastic section modulus about z-z axis by referring to Appendix A.3

£y 1s yield strength of steel obtained from Step 3 (Table 3.1)

(BS EN 1993-1-1:2005 6.2.5(2))
Refer to the SN048a-EN-GB Access Steel document to determine the combined
ratio of the design load to the resistance of the column. If the ratio is greater
than 1, repeat Step 3 to choose a better section. Otherwise, proceed to Step 19.

N, M, M
Ed yEd 4 5B <0 (3.14)
Nyra  Mpra M, ra

Nea
Nb,Rra

where

My Ea

., 1s ratio obtained from Step 16

M, g, is design bending moment about z-z axis of column obtained from Step 4
(Eq. 3.3)

M g, is bending moment resistance about the z-z axis obtained from Step 17
(Eq. 3.13)

is ratio obtained from Step 10

(SN048b-EN-GB)
Check whether the section is an overdesign by checking the ratio obtained in
Step 18. If the ratio is less than 0.5, repeat Step 3 and choose a smaller section
to ensure optimum design.
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3.2.1 Design Flowchart for a Column

( START >

!

1. Determine Support Condition

!

2. Determine Beam Reactions

v

3. Select Steel Grade and Column Section

(Refer Table 3.1 and Appendix A3)

.

4. Determine Ngq, M), gq and M. gq

(Refer Egs. 3.1, 3.2 and 3.3)

v

5. Classify Section
(Refer Table 3.2)

!

6. Determine 1

(Refer Table 3.3 and Eq. 3.4)

!

7. Determine @

(Refer Table 3.4 and Eq. 3.5)

v

8. Determine y

(Refer Eq. 3.6)

!

9. Determine Np gy

(Refer Eq. 3.7)
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G2

10. Xed < |
Np,Rd

3 Column Design

11. Determine Critical Buckling
Moment

(Refer Appendix A3, Table 3.3 and Eq.

3.8)

y

12. Determine A,

(Refer Appendix A3 and Eq. 3.9)

v

13. Determine ¢

(Refer Table 3.5 and Eq. 3.10)

y

14. Determine y;r

(Refer Eq. 3.11)

v

15. Determine Buckling Moment
Resistance

(Refer Eq. 3.12)
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17. Determine M, g4

(Refer Eq. 3.13)

N My Ea M
18, EL 4 —»E 4 1 5ozkd <
Nprd  MpRd MzRa

(Refer Eq. 3.14)

DESIGN
FINISHED

3.2.2 Example 3-1 Column Design

Design the 2 m-high column in Fig. 3.3 using the simplified approach. The con-
nection between the column and the beams is pinned, and the bottom end of the
column is rigidly connected. Beams A and B sit on 100 mm bearings at each end.
The reactions of beams A and B are 100 and 50 kN respectively, while the ultimate
load on the column is 10 kN. Steel grade S275 is used for the column (Fig. 3.4).

Fig. 3.3 Example 3-1 Beam B Beam A

- Column
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Steel Grade

Beam Reaction kN)  Eccentricty fmm) 1529
 —
. A 0 00 5 5235
& 5275
e @ ™ s 76
o L] 1576 65
| c 0 100
p p 0 100
94
Load on cokemn kN) 10
152¢152¢30
0.3
Dimensions are in mm
R
UC Section Selected 15215230 Section Class 2 Smple Approach Ratic 0.7
Design Axial Force N) odal Resistance KN} Ratio
160.00 880.72 018
Design Bending Moment {y+) fNem) Bending Momert Resistance fy+) fNen)
17.88 6423 028
Design Bending Moment (2-2) k) Bendng Moment Resistance (z-2) fkNm)
516 3080 017
Fig. 3.4 Result for Example 3-1 using steel design based on EC3 program
Step | Reference Action/calculation Conclusion
1 References are to | Support condition of the column is fixed-pinned
BS EN 1993-1-1
unless otherwise
stated
2 Reaction for: VEday-y = 100 kKN
beam A = 100 kN Edz-z
beam B = 50 kN =50 kN
3 Table 3.1 Steel grade = S275 f=275 N/mm?

Assume the thicknesses of web and flange
are less than 40 mm:
fy = 275 N/mm*

BS 4 Part 1 2005

Randomly choose a column section for the first trial:

Select column section 152 x 152 x 30
The properties of the section is as follows:
Depth of section, D = 157.6 mm

Width of section, b = 152.9 mm

Thickness of web, 7, = 6.5 mm

Thickness of flange, #;= 9.4 mm

Root radius, r = 7.6 mm

Depth between fillets, d = 123.6 mm
Second moment of area about major

(y-y) axis, I,

=1748 cm®

Second moment of area about minor

(z-z) axis, I,

=560 cm*

Radius of gyration about major (y-y) axis, i,
=6.76 cm

Radius of gyration about minor (z-z) axis, i,
=3.83 cm

Elastic modulus about major (y-y) axis, W,
=222 cm?

Elastic modulus about minor (z-z) axis, W,
=733 cm®

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
Plastic modulus about major (y-y) axis, W,
=248 cm®
Plastic modulus about minor (z-z) axis, Wy,
=112 cm’
Warping constant, I,, = 0.031 dm®
Torsional constant, I, = 10.5 cm?
Area of section, A = 38.3 cm?
4 VEdy-y = 100 kKN Ngq = 160.00 kN
Viazz = 50 kKN
Load on column = 10 kN
Nea
=" Via,i + load on column
=100 + 50 + 10
=160.00 kN
M, g4 and M. ; can be calculated based on geometry M, pq = 17.88 KkNm
of the column section, as they are induced by eccentricity
of loads with respect to centroid of the said section.
M, gq
= Shear difference in y-y x (g + bearing .Yize)
=100 x (19519 1100 x 10°2)
= 17.88 kNm
M, rq M, gs=5.16 kNm
= Shear difference inz-z x (% + bearing size)
=50 (035422 4100 x 107
= 5.16 kNm
5 Table 5.2 Section classification: Section class 2
i. f, = 275 N/mm®
£=10.92
Class 2
ii. Rolled section, outstand flange:
_ b—t,=2r
€=
_ 1529-6.5-2(7.6)
= 2
= 65.60 mm
tr=9.4 mm
£ =40 =6.98<9¢(=8.28)
Class 1
iii. Rolled section, web subjected to compression:
c=d
= 123.6 mm
t, = 6.5 mm
&= 1236 = 19.02 <33¢(=30.36)
Class 1
Therefore, the section is class 2
6 6.3.1.3(1) Non-dimensional slenderness can be determined using equation | 1 = (.51
below:
7= fy
i=tx1(yf)
__085x2 1 [215x100
TI83x102 % 7\ \/ 210x107
=0.51
7 Table 6.1 g:%:%: 1.03 ¢=0.71
Table 6.2 tr=9.4 mm
Determine imperfection factor by consider the following limits:
% <1.2, ty < 100 mm and buckling occurs about minor (z-
7) axis:
o =0.49
¢ =05[1+u(i-02)+7]
=05 [1 +0.49 x (0.51 —0.2) + (0.51)2]
=0.71

(continued)
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3 Column Design

(continued)
Step | Reference Action/calculation Conclusion
8 6.3.1.2(1) Reduction factor can be determined using equation below: 7 =0.83
L= 1
v
_ 1
T 071+/(071)2—(051)
=0.83
9 6.3.1.1(3) For Class 2 section, Np.ra = 874.20 kKN
Niga =25
" a1
_ 0.83x38.3x10~4x275x10°
1.0
=874.20 kN
N, .00 _ Neg
10 N = 5050 = 018<1 et — 0,18
The buckling resistance of the section is adequate
11 SNO003b Access Critical buckling resistance can be determined using equation M., = 351.35 kNm

Steel Document

below. For pinned-fixed support condition, effective length
factor, K is taken as 0.85:

L, . (KL’GL
(f + T EL )

_ mx210x10° x560x 10~*
(0.85x2)”

_ mEL
Mer = (et

(0.85 x 2)°x81 x 10° x 10.5 x 10—8>

o 0.031 x 10°° i
560 x 10-8 72 x 210 x 109 x 560 x 10-8

=351.35 kNm

6.3.2.2(1)

For Class 2 section, slenderness for lateral torsional buckling
can be determined using equation below:

Wity

ZLT o

. /248x10°6 x275x 108
- 351.35x10°

44

e

Jor = 0.44

Table 6.3
Table 6.4

h_D_ 1576 _ 103

b b 1529

Determine imperfection factor:
b=1.03<2

ar =021 ) )

Gur =051+ a7 (Ir —0.2) + 2]
-05 [1 £021 x (044 — 0.2) + (0.44)2]

=0.62

brr =062

6.3.2.2(1)

Lateral torsional buckling reduction factor can be determined

using equation below:
1

T =
Dur +V bir—iir

— 1
T 062+ 1/(062)2—(0.44)°
=0.95

Jur =095

15

6.3.2.1(3)

For Class 2 section,

— £
My ra = 107 Wty 5
_ 0.95x248x 106 x275x10°
= 1.0

=64.79 KNm

My, g = 64.79 KNm

Mypa _ 17.88 _
Mo = oo = 0-28<1

The bending resistance of the section is adequate

Mg _ 0 og

My ka

6.2.5(2)

For Class 2 section,

Woafy
Mera = =10

_ 112x107°x275x10°
- 1.0

=30.80 KNm

M, zq = 30.80 KNm

SN048b-EN-GB
Access Steel
Document

Check ratio

Nea M, M.
Mo T Wy T 15500
=0.18+0.28 + 1.5(315
=0.71<1

My

N
e+ My ra

Np.ra

M.
+ 155

=0.71

The ratio is 0.71, which is less than 1. Therefore, the column
section 152 x 152 x 30 is adequate
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3.2.3 Example 3-2 Column Design

Check the suitability of a 254 x 254 x 107 section for the column in Fig. 3.5. Use
steel grade S235. The connection between the column and beam is pinned, and the
support condition for the base of the column is pinned and fixed about the y-y and
z-z axes respectively (Fig. 3.6).

Beam B
Reaction=80kN Beam A
Reaction=120kN
—= Column
Height 4m
Fig. 3.5 Example 3-2
Beam Reaction kN) Eccenticly fmm) Eiea G 1544
 —
. T 10 ® 5235
5275
76
B 80 100 5385
L » ws 38
c 0 100
p O 10 8
ns
Length of Cokumn fm) 4 Load on column kN) 0 15215237
Beam-Column Connection Pirned
7 ke
Major s Cokumn Basa Connection [ of.imf.":.....
Fooad - .
Minor Asds Column Bass Connection | Pnned Prirt Rasut
Foed | =
Design Output
UC Section Selacted 152c15237 Section Class. 1 Simple Approach Ratio  0.98
Design fodal Force k) Focal Resistance kN) Ratio
20000 753,70 027
Design Banding Moment fy+) fchim) Bending Moment Resistance fy+y) fche)
2n 6534 033
Design Banding Momert (2-2) fchm) Banding Moment Rasistance (r-7) fNm)
33 250 025

Fig. 3.6 Result for Example 3-2 using steel design based on EC3 program
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3 Column Design

Step

Reference

Action/calculation

Conclusion

References are to
BS EN 1993-1-1 unless
otherwise stated

Support condition of the column is
pinned-pinned about y-y axis and fixed-pinned
about z-z axis

Reaction for:
beam A = 120 kN
beam B = 80 kN

Vidyy = 120 kN
Viaze = 80 kN

Table 3.1

Steel grade = S235

Assume the thicknesses of web and flange are
less than 40 mm:

fy = 235 N/mm?>

£, = 235 N/mm?

BS 4 Part 1 2005

Try the following column section:

Select column section 254 x 254 x 107
The properties of the section is as follows:
Depth of section, D = 266.7 mm

Width of section, » = 258.8 mm

Thickness of web, #,, = 12.8 mm

Thickness of flange, tp= 20.5 mm

Root radius, r = 12.7 mm

Depth between fillets, d = 200.3 mm
Second moment of area about major

(y-y) axis, 1,

=17510 cm*

Second moment of area about minor

(z-z) axis, I,

=5928 cm®

Radius of gyration about major (y-y) axis, i,
=113 cm

Radius of gyration about minor (z-z) axis, i,
=6.59 cm

Elastic modulus about major (y-y) axis, We;,,
=1313 cm®

Elastic modulus about minor (z-z) axis, W,
=458 cm’

Plastic modulus about major (y-y) axis, W,
=1484 cm®

Plastic modulus about minor (z-z) axis, Wy,
=697 cm®

Warping constant, 1,, = 0.898 dm®

Torsional constant, /, = 172 cm*

Area of section, A = 136 cm’

VEeay-y = 120 kKN
Veaz. = 80 kN
Nea

=30 Vedi
=120 + 80

= 200.00 kN

Nigg = 200.00 kKN

M, g and M, ; can be calculated based on
geometry of the column section, as they are
induced by eccentricity of loads with respect to
centroid of the said section

M, ka

= Shear difference iny-y x (% + bearing size)
—120 x (2623102 4 100 x 10-2)
= 28.00 kNm

M,

Y,

£a = 28.00 kNm

(continued)



3.2 Design Procedure for a Column 73

(continued)

M, rq M, gy = 8.51 kNm
= Shear difference in z-z x (% + bearing size)

= 80 x (25519 4+ 100 x 1072
= 851 kNm

5 Table 5.2 Section classification: Section class 1
i. f, = 235 N/mm’

e=1

Class 1

ii. Rolled section, outstand flange:
c= b—t,=2r

_ 258.8-12.8-2(12.7)

2
=110.3 mm
tr=20.5 mm
i = % =5.38<9¢(=9)
Class 1
iii. Rolled section, web subjected to
compression:
c'=d
=200.3 mm
t, = 12.8 mm
== % = 15.65<33¢(=33)
Class 1
Therefore, the section is class 1

6 6.3.1.3(1) Non-dimensional slenderness can be determined | £ = (.55
using equation below:

Since the support condition for both axes is
different, slenderness about each axis should be
checked carefully

Check slenderness about y-y axis

7= _doxa o 1( [235%106
L= T3x102 X x \ \/ 210x10°

=0.38
Check slenderness about z-z axis
7= 085x4 1 ( 235><10")

* T 659x102 1 210x10°

=0.55

The more critical value should be used, as it
governs the resistance of section. Therefore,
take slenderness value = 0.55

7 | Table 6.1 hoD_ 267 _ 03 ¢ =074
Table 6.2 t=20.5 mm

Determine imperfection factor by consider the
following limits: % <1.2, tr < 100 mm and
buckling occurs about minor (z-z) axis:

o =0.49

¢ =05[1+2(2-02)+2°]

=05 [1 10.49 x (0.55 — 0.2) + (0.55)2]
=0.74

8 6.3.1.2(1) Reduction factor can be determined using 1 =0.81
equation below:

v = 1
T

_ 1
T 0.74+/074-055
=0.81

(continued)
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(continued)
9 6.3.1.1(3) For Class 1 section, Np ra = 2588.76 kN
Nows = 51
w
=2588.76 kN
10 Ml = i = 0.08<1 AL —0.18
The buckling resistance of the section is
adequate
11 SNO003b Access Steel Critical buckling resistance can be determined | M., = 1401.11 kNm

Document

using equation below. Since the buckling is
occurs about major (y-y) axis, support condition
about y-y axis (pinned-pinned) is considered. In
this case, effective length factor, K is taken as
1.0:

_ nEL 1, | (KLGL
Mcr = (KL)Z ( + T2 EL )

_x ><210><10°><5928><10’
(1.0x4)?

(] (08982106 | (1.0x4)x81x10°x172x10°%
5928x10-% 72 x210% 107 x5928x 10—

=1401.11 kNm

6.3.2.2(1)

For Class 1 section, slenderness for lateral
torsional buckling can be determined using
equation below:

W,

— plafy
M,

ALt
er

1484106 x235x 106
1401.11x103

=0.50

Jur = 0.50

Table 6.3
Table 6.4

- D267 1,03

b= b~ 2588

Determine imperfection factor:

b= 1.03<2

oy =021

Gy = 0.5[1+ o7 (gr — 0.2) + 774
=0.5 [1 10.21 % (0.50 — 0.2) + (0.50)2]
=0.66

=

$rr = 0.66

6.3.2.2(1)

Lateral torsional buckling reduction factor can
be determined using equation below:

1
At = =
bur +V $ir—ir
1

o6+ (0.66)°—(0.50)
=0.92

s = 0.92

6.3.2.13)

For Class 1 section,

Mpra = 7LTWpl,y«

VM1
_0.92x1484x10°x235x10°
- 1.0

=320.84 kNm

My ga = 320.84 kKNm

Mypa _ 2800 _
Mn — 32088 = 0-09<1
The bending resistance of the section is

adequate

My g
M _ 0,09

b.Rd

6.2.5(2)

For Class 1 section,
M, Worzhy

Rd = M
— 697x10°°x235x10°

=163.80 kNm

M, gq = 163.80 kNm

(continued)
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(continued)

18 SN048b-EN-GB Check ratio Neg 4 Myei | 5 Z»‘-ﬂ/ =0.24
d - Rd

No ke My ra
Access Steel Document | Na | Mued | 5 Mo
Nora " Mpra M. ki

=0.074+0.09+ 1.5 (%)

=024<1

19 The ratio is 0.24, which is less than 0.5.
Therefore, the column

section 254 x 254 x 107 is adequate but not
optimum

From the program, the optimum section for beam subjected to condition as
specified in Example 3.2 is 152 x 152 x 37. This section is obviously smaller than
proposed 254 x 254 x 107 section. Therefore, the proposed section is adequate,
but not considered as optimum.

3.2.4 Example 3-3 Column Design

Design the 5 m-high column in Fig. 3.7 using the simplified approach. The con-
nections between the column and the beams and the bottom end of the column are
pinned. The ultimate load on the column is 6 kN. Steel grade S275 is used for the
column.

Beam A
Reaction=100kN

Beam D
Reaction=50kN

Beam B
Reaction=80kN

Beam C
Reaction=100kN

Fig. 3.7 Example 3-3
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Step

Reference

Action/calculation

Conclusion

References are to
BS EN 1993-1-1
unless otherwise
stated

Support condition of the column is
pinned-pinned

2 Reaction for: Vedy-y = 200 kN
beam A = 100 kN VEaz. = 130 kKN
beam B = 80 kN
beam C = 100 kN
beam D = 50 kN
VEedy-y = 100 + 100 = 200 kN
VEaz. = 80 + 50 = 130 kKN

3 Table 3.1 Steel grade = S275 £, =275 N/mm’
Assume the thicknesses of web and flange are | -
less than 40 mm:
fy = 275 N'mm?

BS 4 Part 1 2005 Randomly choose a column section for the

first trial:
Select column section 203 x 203 x 46
The properties of the section is as follows:
Depth of section, D = 203.2 mm
Width of section, b = 203.6 mm
Thickness of web, 7, = 7.2 mm
Thickness of flange, tr = 11.0 mm
Root radius, » = 10.2 mm
Depth between fillets, d = 160.8 mm
Second moment of area about major (y-
y) axis, I,
=4568 cm®
Second moment of area about minor (z-
z) axis, I,
=1548 cm*
Radius of gyration about major (y-y) axis, i,
=8.82 cm
Radius of gyration about minor (z-z) axis, i,
=5.13 cm
Elastic modulus about major (y-y) axis, W,
=450 cm’
Elastic modulus about minor (z-z) axis, W,
=152 cm’
Plastic modulus about major (y-y) axis, W,
=497 cm®
Plastic modulus about minor (z-z) axis, Wy,
=231 cm’
Warping constant, I,, = 0.143 dm®
Torsional constant, I, = 22.2 cm*
Area of section, A = 58.7 cm?

4 VEdy-y = 200 kN Ngg = 336.00 kN

Vi = 130 kKN
Load on column = 6 kN

Nea

=>"1\ VEa,i + load on column
=200 + 130 + 6

=336.00 kKN

M, g3 and M g, can be calculated based on
geometry of the column section, as they are
induced by eccentricity of loads with respect
to centroid of the said section

M, pa

=Shear difference in y-y x (g + bearing size)

=(100 — 100) x (2032107 4 100 x 10~
2
=0 kNm

M,y = 0 KNm

(continued)
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(continued)

71

Step

Reference

Action/calculation

Conclusion

M. £q

=Shear difference in z-z7 X (% + bearing size)
(80— 50) x (224~ 1100 x 10-%)
=3.11 kNm

M, g = 3.11 KNm

Table 5.2

Section classification:

i. f, = 275 N/mm®

£=0.92

Class 2

ii. Rolled section, outstand flange:
_ b—t,—2r

c="5
_203.6-7.2-2(102)
= 2

=88 mm
tr= 11 mm
£= 88 — 8 <9¢(=8.28)

Class 1

iii. Rolled section, we subjected to
compression:

c'=d

=160.8 mm

t, = 7.2 mm

== % =22.33 <33¢(= 30.36)
Class 1

Therefore, the section is class 2

Section class 2

6.3.1.3(1)

Non-dimensional slenderness can be
determined using equation below:

T KLy 1 Jh

A= i x T (\/;)

— _10x5 _ X 1 275x 106
5.13x10-2 n 210x10°

=1.12

Ny
Il
=
—
(3o}

Table 6.1
Table 6.2

b= b T 2036

tr=11 mm

Determine imperfection factor by consider
the following limits: % <1.2, ty < 100 mm
and buckling occurs about minor (z-z) axis:
o =0.49 - -

¢ =05[1+a(i—02)+7]

=0.5 [1 +0.49 x (1.12 - 0.2) + (1.12)2]
=135

h D __ 2032 __ 0.99

$ =135

6.3.1.2(1)

Reduction factor can be determined using
equation below:

o 1
1T

T Ve L2
=0.48

z=0.48

6.3.1.1(3)

For Class 2 section,
AT

Npga =22 2
M1

— 0.48x58.7x10~*x275x10°

1.0
=774.84 kN

Nyra = 774.84 kN

Nea . 336.00
Noas = 7rass = 043<1

The buckling resistance of the section is
adequate

New. — .43

Nora

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
11 This step is skipped since M, g, is 0
12 This step is skipped since M, g, is 0
13 This step is skipped since M, g, is 0
14 This step is skipped since M, g, is 0
15 This step is skipped since M, g, is 0
16 This step is skipped since M, g, is 0
17 6.2.5(2) For Class 2 section, M, gy = 63.53 kKNm
Wprzfy
M:ra = w:lf
__231x10-9x275x10°
7.0
=63.53 kKNm
18 SN048b-EN-GB Check ratio Neg | Muea g g 5Mera _ () 5
Access Steel Ngg g Myed g 5 Mo Noga = Myra Mz
Document Nora My ra T M:ga
=0.43+0+1.5(21%)
=0.50<1
19 The ratio is 0.50, which is less than 1.
Therefore, the column
section 203 x 203 x 46 is adequate, but
barely considered as optimum

Step 3 should be repeated and a smaller column section should be chosen for
optimum design (Fig. 3.8).

Beam Reaction kN) Eccentricity jmm) giosl Ciatia
A A 100 100 S
@ 5275
1T B 80 100 5355
0 n
c 10 100
« p 50 100
Length of Column {m) 5 Load on column kN) &
15215237
Beam-Column Connection Prrned
. 037 kgfm
Major fogs Column Bass Connection Dimensions are in mm
Minor Auds Column Base Connection .m-. Prirt Resut
Fooed —
Design Output
UC Section Selacted 15215237 Section Class 2 Senple Approach Ratio  0.94
Diesign Axal Force (N} Fosal Resistance (N} Ratio
336.00 41265 ogl
Design Banding Moment fy+) fchim) Bending Moment Rasistance fyy) fkNm)
0.00 6241 0.00
Design Bending Momert (z-2) fkhim) Bending Momert Resistance (2-2) fkNm)
R ¥ 850 0.08

Fig. 3.8 Result for Example 3-3 using steel design based on EC3 program
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Step

Reference

Action/calculation

Conclusion

3

Table 3.1

Steel grade = S275

Assume the thicknesses of web and flange are
less than 40 mm:

fy =275 N/mm?

f, =275 N/mm®

BS 4 Part 1 2005

Select column section 152 x 152 x 37

The properties of the section is as follows:
Depth of section, D = 161.8 mm

Width of section, b = 154.4 mm

Thickness of web, 7, = 8.0 mm

Thickness of flange, t; = 11.5 mm

Root radius, r = 7.6 mm

Depth between fillets, d = 123.6 mm
Second moment of area about major

() axis, I,

=2210 cm*

Second moment of area about minor

(z-z) axis, I,

=706 cm*

Radius of gyration about major (y-y) axis, i,
=6.71 cm

Radius of gyration about minor (z-z) axis, i,
=15.5cm

Elastic modulus about major (y-y) axis, W,,,
=273 cm’

Elastic modulus about minor (z-z) axis, We,
=91.5 cm®

Plastic modulus about major (y-y) axis, W,
=309 cm’

Plastic modulus about minor (z-z) axis, Wy,
=140 cm®

Warping constant, 1,, = 0.04 dm®

Torsional constant, [, = 19.2 cm?*

Area of section, A = 47.1 cm?

From previous calculation:
Ngq = 336.00 KN

Ngq = 336.00 kN

M, gq and M. g, needed to be calculated based
on geometry of new column section, as they are
induced by eccentricity of loads with respect to
centroid of the said section

M, ;= 0 kKNm since the moment induced by
beam A and C cancel out each other

M, pg = 0 kNm

Mz,Ed

=Shear difference in z-z X ('7* + bearing size)
=(80 — 50) x (% 4100 x 10*3)
=3.12 kNm

M, ;4 = 3.12 kNm

Table 5.2

Section classification:

i. f, = 275 N/mm?>

£=0.92

Class 2

ii. Rolled section, outstand flange:
_ boty-2r

¢ = bete=2r

_ 1544-8-2(7.6)

= 2
=65.60 mm
tr=11.5 mm

Section class 2

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
£ =59 =570<9¢(=8.28)
Class 1
iii. Rolled section, web subjected to
compression:
c'=d
=123.6 mm
t,, = 8 mm
&= % = 15.45<33¢(=30.36)
Class 1
Therefore, the section is class 2
6 6.3.1.3(1) Non-dimensional slenderness can be J =149
determined using equation below:
- A
i=nx (V)
__10x5 l( 275x106>
T387x102 @\ V 210x10°
=1.49
7 Table 6.1 %:%:%: 1.05 ¢ =193
Table 6.2 tr=11.5 mm < 100 mm
Determine imperfection factor by consider the
following limits: ;—; <1.2, tr < 100 mm and
buckling occurs about minor (z-z) axis:
o =0.49
¢ =05[1+a(i—02)+7
=05 [1 1£0.49 % (1.49 — 0.2) + (1.49)2]
=1.93
8 6.3.1.2(1) Reduction factor can be determined using 7 =032
equation below:
- 1
e
_ 1
7193 +V1.932-1.49
=0.32
9 6.3.1.1(3) For Class 2 section, Np gra = 414.48 kKN
Nowa = 53¢
_ 0.32x47.1x10~*x275%10°
= 1.0
=414.48 kN
10 N = iR = 081<1 M =0.81
The buckling resistance of the section is
adequate
11 This step is skipped since My, gq is 0
12 This step is skipped since My, gq is 0
13 This step is skipped since M, g, is 0
14 This step is skipped since M, g, is 0
15 This step is skipped since M, g, is 0
16 This step is skipped since M, g, is 0
17 6.2.5(2) For Class 2 section, M rq = 38.50 kNm
M. — Wotaly
«Rd Tm1
— 140x10-x275x10°
.0
=38.50 kNm

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
18 SN048b-EN-GB | Check ratio A’,\’al % I Z:bf’ =0.93
Access Steel Neg 4 Mypi | | 5 M phd b o
Document Npy.ra My ra " Mora
=0.81+0+1.5(3%)
=093<1
19 The ratio is 0.93, which is approaching to 1.
Therefore, the section 152 x 152 x 37 is
optimum

3.3 Exercise: Column Design

3-1 Design the 5 m-high column in Fig. 3.9 using the simplified approach. Use
steel grade S235. The connection between the column and the beam is pinned, and
the support condition for the base of the column is pinned and fixed about the y-
y and z-z axes respectively. The ultimate load on the column is 10 kN.

3-2 Design the 5 m-high column in Fig. 3.9 by using the simplified approach.
Use steel grade S275. The connections between the column and the beams and the
bottom end of the column are pinned. The ultimate load on the column is 10 kN.
Compare the result with that obtained in 3-1.

Beam A
Reaction=35kN

Beam B
Reaction=90kN

Fig. 3.9 Plan view for Questions 3-1 and 3-2
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3-3 Design the 8 m-high column in Fig. 3.10 by using the simplified approach.
Use steel grade S275. The connections between the column and the beams and the
bottom end of column are pinned.

Beam A
Reaction=27kN

Beam C
Reaction=70kN

Beam B
Reaction=90kN

Fig. 3.10 Plan view for Question 3-3



Chapter 4 M)
Connection Design ki

4.1 Introduction

Connection is a point where two or more different structural members meet. It is
important in a frame because it holds all structural members in position and ensures
that they behave as a frame. Some examples of connections are beam—beam, beam—
column, beam-bracing, and built-up member. Figure 4.1 illustrates some common
configurations of steel structure connections.

Connections in steel construction are classified into two common types: welded
and bolted.

A welded connection joins two or more structural elements with melted metal.
Either arc welding or stick welding may be employed to form a welded connection.
Welded connections are generally classified into five types: fillet weld,
fillet all-around weld, butt weld, plug weld, and flare groove weld. Figure 4.2
shows the differences among these weld types.

Bolted connection also joins two or more structural elements, but with the use of
a fastener, which is secured with the mating of a screw thread, such as in a bolt and
nut. Bolted connections have two types: shear connection and tension connection.
The type of connection can be determined through the direction of the force acting
on the fastener, as shown in Fig. 4.3.
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Beam-column connection

:‘f
/
/
/
[ y
/
/'f
Beam-beam connection .
‘ Column-column connection
(beam splice) % :
s (column splice)
LA
i 7
y e v A /;/

Column-base connection

Fig. 4.1 Common configurations of steel structure connection

. Fillet all round weld Butt weld
Fillet weld

’///\ g &

Plug weld Flare groove weld

Fig. 4.2 Types of welded connections
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Shear connection Tension connection

Fig. 4.3 Types of bolted connections

4.2 Design Procedure for a Welded Connection

The design procedure for a welded connection is as follows:

1.
. Select the grade of the plate.

s

Determine the preliminary thickness of the steel welding plate.

Determine the design force Ng, at the joint. If the connection is to be established
at the support, then the support reaction should be determined.

Determine the preliminary throat thickness a, which is usually defined as

‘/75 x welding side.

Determine the correlation factor f,,.
Determine the design weld shear strength. The value of y,,, should be set to 1.25.

_fulV3
fvw,d - BWVMQ (41)

where f;, is ultimate tensile strength of steel obtained from Step 2 (Table 4.1)
B, is correlation factor obtained from Step 5 (Table 4.2)
(BS EN 1993-1-8:2005 4.5.3.3(3))

Table 4.1 Nominal values of yield strength f, and ultimate tensile strength f, of hot-rolled
structural steel (BS EN 1993-1-1:2005 Table 3.1)

Standard and steel grade (To Nominal thickness of element, ¢ (mm)
BS EN 10025-2) t <40 mm 40 mm <7 < 80 mm
f(Nmm?) | f,(N‘mm?) | £,(N/mm?®) |, (N/mm?)
S235 235 360 215 360
S275 275 430 255 410
S355 355 490 335 470
S450 440 550 410 550
Table 4.2 Values of the Steel grade B
cor'relatlon factor B, for S235 08
various steel grades (BS EN
1993-1-8:2005 Table 4.1) S275 0.85
S355 0.9
S420 1.0
S460 1.0
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7.

4  Connection Design
Determine the weld resistance per length.
Fyea = fowaa (4.2)
where f,,, s is design weld shear strength obtained from Step 6 (Eq. 4.1)

a is throat thickness obtained from Step 4
(BS EN 1993-1-8:2005 4.5.3.3(2))

. Determine the effective welding length by using the equation below. For the

edge of a steel plate, the effective welding length is equal to the length of the
edge minus 2a. Specifically, the total welding length should be at least 2a more
than the computed effective welding length, which depends on the welding
pattern. Note that the number of welds manipulates the total welding length. The
higher the number of welds, the greater the total welding length.

_ Ngq
Fy Ea

L

(4.3)

where Ng, is design force at joint obtained from Step 3
F,, q 1s weld resistance per length obtained from Step 7 (Eq. 4.2)

(BS EN 1993-1-8:2005 4.5.3.3(1))
Determine the dimension of the steel plate that can provide sufficient welding
length. The dimension of the steel plate depends on the number of welds set in
Step 8.



4.2 Design Procedure for a Welded Connection

4.2.1 Design Flowchart for a Welded Connection

( START >

v

1. Determine the Thickness of

Steel Plate

v

2. Select Steel Plate Grade

(Refer Table 4.1)

v

3. Determine Nea

v

4. Determine Throat Thickness

v

5. Determine S,

(Refer Table 4.2)

v

6. Determine Design Weld Shear Strength

(Refer Table 4.1 and Eq. 4.1)

v

7. Determine Weld Resistance per Length
(Refer Eq. 4.2)

v

8. Determine Welding Length
(Refer Eq. 4.3)

v

9. Determine Dimension of Steel Plate

v

DESIGN

FINISHED
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4.2.2 Example 4-1 Welded Connection Design

Find the total welding length of the connection in Fig. 4.4. The load applied to the
bracing is 500 kN. Use steel plate grade S235 for the welding plate and the bracing
member (Fig. 4.5).

= 150mm
T
v
!
P S
i
15mm
Section A-A
Fig. 4.4 Example 4-1
Step | Reference Action/calculation Conclusion
1 References are to BS EN From figure above, the thickness t =15 mm
1993-1-8 unless otherwise of steel bracing member is 15 mm
stated
2 BS EN 1993-1-1 Table 3.1 | Steel grade = S235 f. =360 N/
t =15 mm < 40 mm mm?
£, = 360 N/mm”
4 Throat thickness, a a =10.6 mm
2
= \/77 X welding side
_V2,
)
V2
=—x15
5 X
=10.6 mm
5 Table 3.1 For steel grade = S235, P, =0.8
=038
6 4.5.3.3(3) Design weld shear strength. f,,, 4 Sowa
= 207.8 N/mm’

(continued)
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Step

Reference

Action/calculation

Conclusion

_fuV3

Buwrm
_360/V3
©0.8x1.25
= 207.8 N/mm’

4.533(2)

Weld resistance per length, F\, g4
= fowaa
=207.8 x 10.6
= 2.20 kN/mm

Fw,Ed
= 2.20 kKN/mm

4.5.3.3(1)

Effective welding length, L
Nea

Fyka
500

T 220
= 227.27 mm

L =227.27 mm

From figure below, number of
weld is 3

]_1-I50|m7

Ly = L—|‘- number of weld x 2a
=1227274+3 x2 x 10.6
= 290.87 mm
=291 mm

L;»; =291 mm

From the dimension of bracing
member in figure above,

L, = 150 mm

L, =Ly =210 =70.5 mm
The minimum welding length at
two sides of bracing member is
70.5 mm
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Plate thickness {mm) Steel G
15
Welding Side {mm) @ S235
15 S275
5355
s
500
Number of Weld
3 [_smrT_ | —
START G
Design Output

Effective Welding Length (mnm) 227
Total Welding Length {mm) 291

Fig. 4.5 Result for Example 4-1 using steel design based on EC3 program

4.2.3 Example 4-2 Welded Connection Design

Check the suitability of a steel plate for welded connection, which will be estab-
lished on the left side of the joint (Fig. 4.6). The grade of the steel plate is S235 and
the thickness is 10 mm (Fig. 4.7).

I !
500kN S00kN
el 150mm o
|
£ 260mm
90mm

-——

Fig. 4.6 Example 4-2
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Step

Reference

Action/calculation

Conclusion

1

References are to BS EN
1993-1-8 unless otherwise
stated

The thickness of steel plate is 10 mm

t =10 mm

BS EN 1993-1-1
Table 3.1

Steel grade = S235
t =10 mm < 40 mm
f. = 360 N/mm?>

fu
= 360 N/mm?>

Ny = 500 kN

Nyg = 500 kKN

Throat thickness, a
2
= % X welding side

V2

="t

Sie

=YX=x10
2><

=7.1 mm

a="7.1mm

Table 4.1

For steel grade = S235,
= 0.8

B =038

4.5.3.3(3)

Design weld shear strength. f,,,, 4
hIV3
Buoma
~360/V/3
T 0.8x1.25
= 207.8 N/mm’

ﬁiw,d
= 207.8 N/mm?

4533(2)

Weld resistance per length, F,, g,
:fVW,da
=207.8 x 7.1
= 1.48 kKN/mm

Fw,Ed
= 1.48 kN/mm

4.53.3(1)

Effective welding length, L
~ Nga

Fyea
~ 500
T148
= 337.84 mm

L =337.84 mm

From figure above, number
of weld is 3
Liyy = L+ number of weld x 2a

=33784+3x2x17.1
= 380.44 mm
= 381 mm

L, =381 mm

From the dimension of welding plate in figure
above, the required welding length at two
sides of steel plate

381150

)

= 115.5 mm
The minimum welding length at two sides of
steel plate is 115.5 mm. However, the
available length at two sides of steel plate is
only 90 mm. Therefore, the welding plate is
not suitable
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Plate thickness {mm) Steel G
10
Welding Side (mm) @ 5235
10 5275
5355
Design Load kN)
500
Number of Weld
: [_smar_ ] Rest
START ik
Design Output
Effective Welding Length (nm) ~ 341
Total Welding Length {mm) 384

Fig. 4.7 Result for Example 4-2 using steel design based on EC3 program

4.2.4 Example 4-3 Welded Connection Design

Determine the shear resistance of the fillet all-around weld in Fig. 4.8. A steel plate
with a grade of S275 and a thickness of 20 mm is used.

Fig. 4.8 Example 4-3

i

10mm

© 80mm

Step | Reference

Action/calculation

Conclusion

1

stated

References are to
BS EN 1993-1-8
unless otherwise

Thickness of steel plate is 20 mm
From the figure, welding side is 10 mm

t =20 mm
welding
side = 10 mm

(continued)



4.2 Design Procedure for a Welded Connection

(continued)

93

Step

Reference

Action/calculation

Conclusion

2

BS EN 1993-1-1
Table 3.1

Steel grade = S275
t =20 mm < 40 mm
f. = 430 N/mm>

f. = 430 N/mm*

This step is skipped as it is not applicable for the
situation

Throat thickness, a

= —— X welding side

=7.1 mm

a="7.1mm

Table 4.1

For steel grade = S275,
B = 0.85

B, =0.8

4.5.3.3(3)

Design weld shear strength. f,,,, 4
_R/V3
B Bwrm
_430/V3
T 0.85x 1.25
= 233.7 N/mm*

fvw,d
= 233.7 N/mm?

4.5.3.3(2)

Weld resistance per length, F,, g4
= fiwaa
=2337x17.1
= 1.65 KN/mm

Fw,Ed
= 1.65 kN/mm

4.5.3.3(1)

Effective welding length, L = If,vﬁ
wEd
Rearrange the equation:
Weld resistance, Ngg = Fyypg X L
Since both ends of the weld is closed, the effective
welding length that can be provided is equal to the
total welding length
Ngq = 1.65 x 7 x 80

=414.69 kN

Ngg = 414.69 kKN

This step is skipped as it is not applicable for the
situation

4.3 Design Procedure for a Bolted Connection

The design procedure for a bolted connection is as follows:

1. Determine the number of steel plates and their arrangement.
2. Determine the preliminary thickness of the steel plates.
3. Select the grade of the plate (refer to Table 4.1).
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Table 4.3 Nominal values of yield strength f; and ultimate tensile strength f,;, of bolts (BS EN
1993-1-8:2005 Table 3.1)

Bolt class 4.6 4.8 5.6 5.8 6.8 8.8 10.9

fb (N/mm?) 240 320 300 400 480 640 900

fu» (N/mm?) 400 400 500 500 600 800 1000

4. Select the bolt class and the bolt diameter. The diameter of a bolt hole d,
usually equals the bolt diameter plus 2 mm.

5. Determine the design force Ng,. If the connection is to be established at the
support, then the support reaction should be determined.

6. Determine the spacing of bolts. The distances between rows of bolts arranged

perpendicularly to the direction of the load are denoted by e; and P, while the
distances between rows of bolts arranged parallel to the direction of the load are
denoted by e, and P,. The spacing must comply with the limit set in BS EN
1993-1-8. The value of ¢ should be the minimum thickness between the two
outermost steel plates.

Refer to Table 4.5 to determine the shear resistance per bolt. Next, determine
the minimum number of bolts required to resist shear failure by dividing the
design force based on the shear resistance per bolt.

Table 4.4 Minimum and maximum spacing, end distances and edge distances (BS EN
1993-1-8:2005 Table 3.3)

Distance and Minimum | Maximum
spacing Structures made from steels conforming to | Structures made
EN10025 except to EN10025-5 from steel
conforming to
EN10025-5
Steel exposed to Steel not exposed to | Steel used
the weather or the weather or other | unprotected
other corrosive corrosive influences
influences
End distance ¢; 1.2d, 4t + 40 mm Larger of 8¢ or
125 mm
Edge distance e, | 1.2dy 4t + 40 mm Larger of 8¢ or
125 mm
Spacing p; 2.2dy Smaller of 14t or Smaller of 14¢ or Smaller of 14¢,,,
200 mm 200 mm or 175 mm
Spacing p; o Smaller of 14¢ or
200 mm
Spacing p; ; Smaller of 28¢ or
200 mm
Spacing p, 2.4d, Smaller of 14z or Smaller of 14z or Smaller of 14t,,,
200 mm 200 mm or 175 mm

Where d|, is diameter of bolt hole obtained from Step 4
¢ is minimum thickness between the two outermost steel plates obtained from Step 2



4.3 Design Procedure for a Bolted Connection 95

Table 4.5 Design resistance for individual fasteners subjected to shear and/or tension (BS EN
1993-1-8:2005 Table 3.4)

Shear resistance per shear plane Fypq = Yot
v Vm2
where
] 0.5,Bolt class 4.8,5.8,6.8,10.9
v 0.6, Bolt class 4.6,5.6,8.8

A = cross sectional area of bolt

Bearing resistance Fy gy = facududt
” Tm2
where (conservatively)

—minde P _1.fw.
a;,fmm{%,}d0 4,f”,1.0}

: e . Py .
k= mm{2.8d—z ~ L7145 -1 2.5}

kofupA

where
k> = 0.9 for normal bolts

Tension resistance

Where

fup 1s ultimate tensile of bolt obtained from Step 4 (Table 4.3)
d is diameter of bolt obtained from Step 4

dy is diameter of bolt hole obtained from Step 4

ey, p1, €2, po are spacing obtained from Step 6 (Table 4.4)

8. Refer to Table 4.5 to determine the bearing resistance per bolt. The value of
t should be the minimum between the summations of the steel plate thicknesses
in both directions. Next, determine the minimum number of bolts required to
resist bearing failure by dividing the design force based on the bearing resis-
tance per bolt.

9. Refer to Table 4.5 to determine the tension resistance per bolt. Next, determine
the minimum number of bolts required to resist tensile failure by dividing the
design force based on the tension resistance per bolt.

10. Determine the number of bolts required for the situation by selecting the
maximum number of bolts required obtained in Steps 7, 8, and 9.

11. Check the ratio of design force to shear resistance, bearing resistance, and
tension resistance based on the number of bolts obtained in Step 10.
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4.3.1 Design Flowchart for a Bolted Connection

( START >

v

1. Determine the Number and
Arrangement of Steel Plate

v

2. Determine the Thickness of
Steel Plate

v

3. Select Steel Plate Grade

(Refer Table 4.1)

v

4. Select Bolt Class and Bolt
Diameter

(Refer Table 4.3)

v

5. Determine Nk4

v

6. Determine Spacing

(Refer Table 4.4)

v

7. Determine number of bolt
required using Shear Resistance

(Refer Table 4.5)

v

8.Determine number of bolt
required using Bearing
Resistance

(Refer Table 4.5)

.

4 Connection Design
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9. Determine number of bolt required
using Tension Resistance

(Refer Table 4.5)

v

10. Determine number of bolt required

v

Ngg N N .
11. Check—2% —E4 and —£2 ratio
Fy,rd FbRd FtRra

DESIGN

FINISHED

4.3.2 Example 4-4 Bolted Connection Design

97

Check the suitability of the bolt arrangement in Fig. 4.9 if the joint is designed to
carry 100 kN. The diameter and the class of bolts are 20 mm and 10.9 respectively.

The grade of the steel plate used is S235 (Fig. 4.10).

- Cl -lp]l----pll--- €l ~—
!
1 €2
i
2
e I e
2
!
I e
i
tI=6mm t2=7.1mm
!
1
[
i

i
t3=6mm

Fig. 4.9 Example 4-4

e,=40mm
pi=60mm
¢,=40mm
p>=60mm
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Step | Reference Action/calculation Conclusion
1 References | Number of plate = 3, arranged in a way as shown in | Number of
are to figure above plate = 3
BS EN
1993-1-8
unless
otherwise
stated
2 Thickness of each steel plate is as shown in figure |# = 6 mm
above t, = 7.1 mm
t3 = 6 mm
3 BS EN Steel grade = S235 £, = 360 N/mm?
1993-1-1 The thicknesses of steel plates are less than 40 mm
Table 3.1 | f, = 360 N/mm>
4 Table 3.1 Bolt class = 10.9, f,, = 1000 N/mm?> Bolt class = 10.9
Bolt diameter, d = 20 mm fub
Hole diameter, dy = 20 + 2 = 22 mm = 1000 N/mm?
d =20 mm
dy = 22 mm
5 NEd=100kN NEd= IOOkN
6 Table 3.3 Minimum spacing for: e; =40 mm
e; =1.2dy =12 x 22 =264 mm e; =40 mm
ey = 1.2dy = 1.2 x 22 = 26.4 mm p1 =60 mm
p> = 60 mm
p1=2.2dy = 2.2 x 22 = 48.4 mm
p2 =2.4dy = 2.4 x 22 = 52.8 mm
Maximum spacing for:
e =41+40 =4 x 6440 = 64 mm
e =41+40 =4 x 6440 = 64 mm
p1 = min{147;200} = min{14 x 6;200} = 84 mm
p2 = min{147,200} = min{14 x 6;200} = 84 mm
Compare spacing given with respective upper and
lower limit:
e1: 26.4 mm < 40 mm < 64 mm
e5: 26.4 mm < 40 mm < 64 mm
p1: 484 mm < 60 mm < 84 mm
P2 52.8 mm < 60 mm < 84 mm
.. The spacings set are adequate
7 Table 3.4 Number of
bolt = 5

(continued)
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(continued)

Step | Reference | Action/calculation Conclusion
From the figure, the number of bolt provided is 5
Therefore, determine the shear, bearing and tensile
resistance of the bolted connection instead
For bolt class 10.9, a, = 0.5 F, ra = 1256.6 kKN
For d = 20 mm,

_ nd? _mX 202
T4 4
= 314.16 mm?
Number of shear plane
= Number of plate — 1
=3-1
=2
Individual shear resistance per shear plane, F, gy
_ av.f;dbA
Ym2
~ 0.5 x 1000 x 314.16
o 1.25
= 125.66 kN
Total Fy ra
= Individual F, gq % shear plane x bolt number
=125.66 x2 x5
= 1256.6 kN
8 Table 3.4 Conservatively, Fppa = 264.3 kKN
er P11 fu
= — i ——:1.0
@ mm{wo 3dy A4S, }
. 40 60 1.1000.10
MM 2 3% 22 47360
= min{0.61;0.66;2.78; 1.0}
=0.61
k= mind 282 — 17,1452 217,25
= mi OS——1./51.4—— 1.7 2.
1 d() 3 d() )
. 40 60
= m1n{2.8 X - 1.7;1.4 x 7 1.7,2.5}
= min{3.39;2.12;2.5}
=212

(continued)



100 4 Connection Design

(continued)

Step | Reference | Action/calculation Conclusion

Individual bearing resistance, Fj, g4
_ kiapf,dt
Ym2
2,12 x0.61 x 360 x 20 x 7.1
N 1.25

= 52.89 kN
Total Fp gq
= Individual Fj, gg X bolt number
=5289x%x5
=264.3 kKN
9 Table 3.4 Individual tension resistance, F, gy F,gq = 1131.0 kKN
_ kofwA
Tm2
0.9 x 1000 x 314.16
B 1.25
= 226.20 kN
Total Fygq

= Individual F; gq X bolt number
=226.20 x5

=1131.0 kN
10 This step is skipped as it is not applicable for the
situation

11 Check the following ratio:
Nea _ 100 _ 4 g
Fyra 1256.6

Nga 100
Fyra 2643
Nga 100
Fira 11310
None of these ratios exceed 0.5. This means although
the bolt arrangement can support the load, but it is
considered over-design for this case

=0.38

=0.09

From the program, it is found that with proposed parameters specified in
Example 4-4, 2 bolts are sufficient to resist the design load. However, the number of
bolt proposed in Example 4-4 is 5. This indicates the proposed bolt arrangement is
overdesigned.
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Stee! Plate Speciication
[2 |
Number of plate | ERIIN
Plate 1 4 J Plate 2
Thickness {mm) g 1 Thickness fmm) 71
| ]
V] Same as Plate 1 | |
Plate 3
Thickness (mm) 6
ST
Spacing e1 fmm) %4 < 20 < 64 Minimum Number of Bolt
Spacing p1 {mm) 484 < g0 < 24 Shear Resistance kN)
Spacinge2{mm) 264 ¢ 4p < B4 Bearing Resistance (kN)
Spacing p2 fmm) 528 < g0 < 84 Tension Resistance kN)

Steel Grade
@ 5235
S275

") 5355

502.65
105.00
452.39

Fig. 410 Result for Example 4-4 using steel design based on EC3 program

4.3.3 Example 4-5 Bolted Connection Design

A shear splice is assigned at point B using bolts and a steel plate (Fig. 4.11). The
dimension of the beam section is 254 x 146 x 37, and steel grade S235 is used for

R=40kN
Q=SkN/my v vy gy gy
G=4kN/my ¥, ®' ' '"
Al B
o 3 ol B ol 6m

Smm thick steel plate
for bolted connection

Bolted connection at B

Fig. 4.11 Example 4-5

C
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the beam and the plate. A bolt of class 6.8, which has a diameter of 12 mm, is used
for the bolted connection. Determine the number of bolts required (Fig. 4.12).

Step | Reference Action/calculation Conclusion
1 References Consider web of beam as steel plate as well, number | Number of
are to of steel plate = 2 plate = 2
BS EN
1993-1-8
unless
otherwise
stated
2 Thickness of steel plates is S mm, while thickness of |# = 5 mm
the beam web is 6.3 mm t, = 6.3 mm
3 BS EN Steel grade = S235 £, = 360 N/mm?>
1993-1-1 The thicknesses of steel plates and beam web are less
Table 3.1 than 40 mm:
£ = 360 N/mm?
4 Table 3.1 Bolt class = 6.8, f,,;, = 600 N/mm? Bolt class = 6.8
Bolt diameter, d = 12 mm fup = 600 N/mm?>
Hole diameter, dy = 12 + 2 = 14 mm d=12 mm
do = 14 mm
5 Consider span AB Ngg =59.72 kN

Self-weight of beam

= 37 kg/m x 9.81 N/kg

= 0.36 kN/m

For ULS, partial factor of safety for both permanent
action and variable action selected are 1.35 and 1.5
respectively

Uniformly distributed load, w,,

= 135Gk + 15Qk

= 1.35(5 + 0.36) + 1.5(4)

= 13.24 kKN/m

By principle of superposition, Vg, for simply
supported beam (span AB) can be determined using
equation below:

VEq (at point B)

_ W,,,],L R
T2 2
_1324x6 40
-T2 T2
=59.72 kN

(continued)
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(continued)
Step | Reference Action/calculation Conclusion
Ngg = Vig=59.72 kKN
6 Table 3.3 Minimum spacing for: e; =20 mm
e1 =12dy =12 x 14 =16.8 mm e> =20 mm
e =12dy = 1.2 x 14 = 16.8 mm pi =40 mm
p2 = 40 mm
p1=22dy =2.2 x 14 = 30.8 mm
p2 =2.4dy =2.4 x 14 = 33.6 mm
Maximum spacing for:
e =4t+40 =4 x 5+ 40 = 60 mm
ep =4t+40 =4 x 54+40 = 60 mm
p1 = min{14¢#;200} = min{14 x 5;200} = 70 mm
p, = min{14#;,200} = min{14 x 5;200} = 70 mm
Try following spacing:
e; =20 mm
er = 20 mm
p1 =40 mm
p> = 40 mm
The depth between fillet for 254 x 146 x 37 beam
section is 216 mm, while the vertical dimension of
proposed steel plate for bolted connection is 2
(e + p2), which is 160 mm and it can fit between the
fillet
7 Table 3.4 For bolt class 6.8, a, = 0.5 Number of bolt

For d = 12 mm,
. nd® _mX 122
T4 4
= 113.10 mm*
Number of shear plane
= Number of plate — 1
=2-1
=1
Individual shear resistance per shear plane, F, g4
_ afud
Ym2
~ 0.5 x600 x 113.10
B 1.25
=27.14 kN

F, ra per bolt

= Individual F, s X shear plane
=27.14x 1
=27.14 kN

for shear
resistance = 3

(continued)
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(continued)

Connection Design

Step

Reference

Action/calculation

Conclusion

Number of bolt required
_ Ngg

~ Fura

~59.72

T 27.14

=22=3

Table 3.4

Conservatively,

e Pro 1 fu
= mind 2, 2L~ by
a mm{3d0’3d0 P }

. 20 40 1 600
=min{g ——; ——;=— 1.0
3x14°3x14 47360
= min{0.48;0.70; 1.67; 1.0}
=048

. ey Py
ky = 28——-17;14—-1.7;2.5
1 mm{ % A ; }

= mi 28><20 17-14><40 1.7;2.5
= min{ 2. 171 152

= min{2.3;2.3;2.5}
=23
Individual bearing resistance, Fj, g4
_kiapfudt
Tm2
_23x0.48x360x 12 x5
B 1.25
=19.08 kN
Number of bolt required
_ Nm
 Fira
~59.72
~19.08
=31=4

Number of bolt
for bearing
resistance = 4

Table 3.4

Individual tension resistance, F, g4
_ kofuA
Tm2
0.9 x 600 x 113.10
1.25
= 48.86 kN

Number of bolt
for tensile
resistance = 2

(continued)
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(continued)

Step | Reference

Action/calculation Conclusion

Number of bolt required

_ Nea
Ft,Rd
~59.72
T 48.86
=12=2
10 Number of bolt required = 4 Number of
bolt = 4
11 Check the following ratio:
Ngq _ 59.72 — 0.55
Fv,Rd 27.14 x 4
N, 59.72
H_ TR 078
Fb,Rd 19.08 x 4
Nea 3972 0.31
Fira 48.86 x4
Steel Plate Specification
2 |
Number of plate |3 od e
Plate 1 |4 Plate 2 © 5235
5 - © 5275
Thickness fmm) 5 | | Thickness (mm) g3
| ] 0 §355
|
ool 57
Design Output
Spacngelfm) 160 . 5 < & Minimum Number of Bok 4
Spacingplimm) 398 < 4 < 70 Shear Resistance kN) 108.57
Spacinge2(mm) 168 < 2p < 60 Bearing Resistance (kN) 75.70
Spacing p2 fmm) 336 < 4 < 70 Tension Resistance (kN) 19543

Fig. 4.12 Result for Example 4-5 using steel design based on EC3 program
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4.3.4 Example 4-6 Bolted Connection Design

Check the suitability of a 200 mm x 500 mm X 7 mm steel plate in establishing a
bolted connection at a beam splice (Fig. 4.13). The steel grade is S235, the bolt class
is 10.9, and the bolt diameter is 24 mm. The beam web is 18.4 mm thick Fig. 4.14.

S00kN ‘
|

' 500kN
[ || 1 ‘
T ] ‘
t=18.4mm
Fig. 4.13 Example 4-6
Steel Plate Specdication
2 |
Nuber o plte |G Stsel Chace
Plate 1 4 | Plate 2 © 5235
; : ) 8275
Thickness {mm) 7 | Thickness mm) 184
T 1 ) 5355
[¥] Same as Plate 1 | |
Plate 3
Bolt Class
Thickness {mm) 7 (46
‘4.3
56
5.8
6.8
|88
—
.' Bok Diameter nm)
Design Load kN) 500 |alict Band 2
Design Output
Spacngelfm) 315 ¢ 4o < & Minimum Number of Bol 5
Spacing p1 {mm) 572 < 60 < 98 Shear Resistance kN) 1809.56
Spacing e2 (mm) N2< 4 < 68 Bearing Resistance (kN) 51342
Spacing p2 {mm) 624 < 70 < 98 Tension Resistance (kN) 1628.60

Fig. 4.14 Result for Example 4-6 using steel design based on EC3 program
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Step | Reference Action/calculation Conclusion
1 References | Consider web of beam as steel plate as well, number of | Number of
are to steel plate = 3 plate = 3
BS EN
1993-1-8
unless
otherwise
stated
2 Thickness of steel plates is 7 mm, while thickness of the |7 =7 mm
beam web is 18.4 mm t, = 18.4 mm
t3 =7 mm
3 BS EN Steel grade = S235 fu
1993-1-1 The thicknesses of steel plates and web are less than = 360 N/mm?>
Table 3.1 40 mm:
f. = 360 N/mm*
4 Table 3.1 Bolt class = 10.9, f,, = 1000 N/mm? Bolt
Bolt diameter, d = 24 mm class = 10.6
Hole diameter, dy = 24 + 2 = 26 mm fub
= 1000 N/mm®
d =24 mm
dy = 26 mm
5 NEd = 500 kN NEd = 500 kN
6 Table 3.3 Minimum spacing for: e; =40 mm
e; =1.2dy =12 %26 =312 mm e =40 mm
ey = 1.2dy = 1.2 x 26 = 31.2 mm p1 =60 mm
p2 =70 mm
p1=2.2dy =2.2 x26 =572 mm
p2 =2.4dy = 2.4 x 26 = 62.4 mm
Maximum spacing for:
e =4t+40 =4 x 7440 = 68 mm
er =4t+40 =4 x 7+40 = 68 mm
p1 = min{147;200} = min{14 x 7;200} = 98 mm
p2 = min{147;200} = min{14 x 7;200} = 98 mm
Try following spacing:
e; = 40 mm
e> = 40 mm
p1 =60 mm
p2 =70 mm
7 Table 3.4 For bolt class 10.9, a, = 0.5 Number of bolt
For d = 24 mm, for shear
_wd®>  mx 247 resistance = 2
4 4
= 452.40 mm’

Number of shear plane
= Number of plate — 1
=3-1

(continued)
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(continued)

4 Connection Design

Step

Reference

Action/calculation

Conclusion

=2
Individual shear resistance per shear plane, F, gy
_ avfubA

B Y2
_ 0.5 x 1000 x 452.40

1.25
= 180.96 kN
F, ra per bolt
= Individual F, g % shear plane
= 180.96 x 2
= 361.92 kN
Number of bolt required
Nea
" Fypa
500
T 361.92
=14=2

Table 3.4

Conservatively,
@, = min e_l.ﬂ_l.@.lo
b 3dy'3dy 4 f 0

:min{ 40 60 1 1000 10}

3x26'3x26 4 360
= min{0.51;0.52;2.78; 1.0}
—051

. e Py
k= 28—=—-17;14—=-1.7;25
1 mln{ do 5 dO ] }

= min{2.8 X % —1.7;1.4 x % - 1.7;2.5}
= min{2.6;2.1;2.5}
=21
Individual bearing resistance, Fj, gy
_kapf,dt
Ym2
2.1 x0.51 x 360 x 24 x 14
B 1.25
= 103.64 kN
Number of bolt required
_ Np
" Fyra
_ 500
"~ 103.64
=48=35

Number of bolt
for bearing
resistance = 5

Table 3.4

Individual tension resistance, F, g,

(continued)
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(continued)

Step | Reference | Action/calculation Conclusion

_ szﬂ Number of bolt
Ym2 for tensile

~ 0.9 x 1000 x 452.40 resistance = 2

- 1.25

= 325.73 kN

Number of bolt required

N

B F t.Rd

_ 500

T 32573

=15=2

10 Number of bolt required = 5 Number of

bolt = 5

11 Check the following ratio:
Nea 500
Fora 36192 x5 0.28
Negg 500
Fbde B 103.64 x 5 n
NEgq 500

Fira 32573 x5
The bolts can be arranged in the way as shown below:

0.96

=031

H sl
0 040 O Ho
1 60mm
O 3 O _,1[_;__, 200mm
: ﬂﬁmn:
D] o O O H+
} 40mm
_— I | R T -
et T e el e ]
440mm

The minimum dimension of steel plate for such
arrangement is 200 mm x 440 mm. Therefore, the steel
plate suggested is suitable for this

4.4 Exercise: Connection Design

4-1 Determine the minimum number of fillet welding sides required for the situation
shown in Fig. 4.15. Steel grade S275 is used.
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Fig. 4.15 Question 4-1 Weld

400mm Plate thickness=20mm

' | 800KN

4-2 Determine the maximum resistance of the welded connection in the situation
shown in Fig. 4.16. Steel grade S235 is used. The thickness of the steel plate is
15 mm.

Fig. 4.16 Question 4-2

4-3 Determine the 22, Ne and Ned ratios of the following bolted connection:
Fyra’ Fpra Fira

Design load 200 kN
Number of bolt 6

Bolt class 8.8
Diameter of bolt 20 mm

(continued)
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(continued)

Design load 200 kN
Steel grade S235
Number of steel plate 3

Plate thickness 8 mm each
e 30 mm

D1 50 mm

&) 30 mm

)23 60 mm

4-4 Determine the minimum size of the steel plate required to establish both
welded and bolted connections if the force of the bracing member is 750 kN, as
shown in Fig. 4.17. Steel grade S275 is used.

A S x
o
— . 200mm
1
15 AT —' ‘
10mmt 1 UmufI 20mm/
Section A-A | DL L ‘
10mm | 20mm |

Section B-B

Fig. 4.17 Plan view and size view of connection, and section view of bracing member for
Question 4-4
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See Tables A.1, A.2 and A.3.

© Springer Nature Singapore Pte Ltd. 2018
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