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LEARNING OUTCOMES 

At the end of this workshop, participants should:

1. Be able to discuss the conceptual difference between UB and 

fabricated plate girder

2. Be able to explain the failure modes of restrained plate girder.

3. Be able to analyze and design plate girder for shear buckling and 

moment capacity
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LEARNING OUTCOMES

At the end of this workshop, participants should:

4. Be able to analyse and design intermediate stiffener in plate girder   

for tension field action (TFA).

5. Be able to discuss the difference between bearing stiffeners and 

intermediate stiffener.

6. Be able to carry out detailing of stiffeners.
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LECTURE  1: 
PLATE GIRDER BEHAVIOUR  AND BASIC DIMENSIONING

1. General consideration

2. Plate girder design rules

3. Influence of buckling on design

4. Post-buckling strength of web

5. Concluding summary
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1.0 GENERAL CONSIDERATION

Figure 1: Plate girder overview



1.0 GENERAL CONSIDERATION
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• Plate girders are fabricated by welding flanges to a web plate as 

shown in Figure 1.

• The flanges are generally significantly thicker than the web 

because of the lower buckling capability of one edge 

unsupported plates.

• If the girder is to be used compositely with a concrete deck, the 

top flange will generally be narrower and will carry shear 

connectors for composite action with the concrete slab. In such 

a case the width of the flange has to be sufficient for the 

construction condition carrying the wet concrete before 

composite action is achieved.



1.0 GENERAL CONSIDERATION
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• Cross girders may be welded or bolted between adjacent 

girders, for example for a rail bridge where they support the 

deck that carries the track. 

• In all cases the main girders need to be appropriately designed 

to resist lateral torsional buckling. In the former case this can 

only occur during construction as the concrete deck, once 

acting compositely, will provide full restraint to the concrete top 

flange. 
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Figure 2: Longitudinal view



1.0 GENERAL CONSIDERATION
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1.0 GENERAL CONSIDERATION
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• During construction, restraint is normally proved by cross 

bracing at appropriate intervals bolted to outstands welded to 

the girders. Where the girders are connected by cross beams 

near the bottom of the main girders, V-frame action whereby 

the cross beams provide a moment restraint stiffness can be 

used to prevent torsional buckling of the girders.

• Because they can be fabricated from plates of any width and 

thickness, plate girders can be used for much longer spans than 

using beams from hot rolled sections with their restricted 

availability (See Figure 2)

• Indeed spans of over 200m are possible, often with haunches 

provided near continuous supports to increase moment 

capacity.



1.0 GENERAL CONSIDERATION
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• Fabrication can be particularly effective where stiffening is 

kept to a minimum and welding carried out automatically.

• Girders are generally relatively deep to provide the moment 

resistance and webs therefore generally need only to be thin to 

resist the applied shear. 

• This leads to relatively thin web design. In contrast there is 

little benefit in having thin flanges so these are designed to 

reduce buckling problems. 



1.0 GENERAL CONSIDERATION
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• This tends to lead to webs which require stiffening, at least 

over the supports to prevent crippling caused by the high point 

loads and to allow the shear in the web to be transferred as 

compression down the bearing stiffeners into the support.

• Transverse stiffeners are also often provided for longer spans 

to enhance the buckling capacity of the web, principally by 

increasing its shear capability. 

• In a minority of cases longitudinal web stiffeners are also 

provided to increase the web buckling capacity by reducing the 

slenderness of the panels within the depth of the girder as 

shown in Figure.
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1.0 GENERAL CONSIDERATION

Figure 3: Types of plate girder



• However, this should be considered carefully as it significantly 

increases fabrication complexity both by preventing the use of 

automatic welding and also by introducing a significant number 

of complex cutting and welding operations at the connection 

between transverse and longitudinal stiffeners. 

• It is worth noting that intermediate transverse stiffeners are 

often curtailed short of the tension flange in order to provide 

better fatigue resistance (see Figure 4). 

• Such curtailment does not affect the buckling enhancement of 

the stiffening as the latter still provides out-ofplane bending 

support to the web plate.
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1.0 GENERAL CONSIDERATION
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• The Eurocode requires stiffeners to be spaced at between one 

and three times the web depth. 

• While BS5400 Part 3 imposes no such restriction it is a 

sensible range for normal design application. If the stiffener 

spacing were any closer it is likely that increased fabrication 

cost would more than offset the savings in web material 

achieved through using a thinner web and if more widely 

spaced the enhancement to web buckling capacity would be 

limited.
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Figure 4: Curtailment of transverse web stiffeners



• In longer span girders it is possible to vary the cross section in 

the longitudinal direction to match more closely the variation 

of moment and / shear along the span.

• Flange thickness can be varied with full strength butt welding 

providing a smooth external flange surface. Flange width can 

also be varied ( see Figure 5) 

• The possibility of a haunched girder has already been 

mentioned. Rather than vary the web thickness, it is more 

normal to vary transverse stiffener spacing or introduce a 

longitudinal stiffener over part of the span, for example in the 

compression region over a continuous support. 
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TYPES

18
Figure 5: Distribution of loading, shear force and bending moment



• With modern fabrication it is also possible to use different 

yield strength steels for different sections along the bridge to 

achieve a variation in capability. 

• In all cases the benefit of better matching the resistance of the 

structure to the applied loading needs to be weighed against 

any increased fabrication complexity and hence cost that might 

ensue.
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1.0 GENERAL CONSIDERATION



• It is possible to define a range of practical dimensional 

proportions that are typical of  bridge construction. 

• Plate girders with spans up to around a 1000 metres have been 

used as suspension structures but one notorious example, the 

Tacoma Narrows bridge with a span of 853 metres, failed 

disastrously because of its flexibility to wind excitation in 

1940. 

• Box girders are now generally accepted as more appropriate 

for the longer spans because of their inherent torsional 

stiffness. 
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• More modest plate girder suspended spans of up to 400 metres 

are not unusual. Cable stayed composite plate girder bridges 

have been constructed with spans up to about 500 metres.

• Composite plate girders without additional support are used 

for many bridge structures over a range of more modest spans 

as a competitor to prestressed concrete structures.
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PROPORTIONS
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PROPORTIONS
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• Overall girder depths range between one tenth to one twentieth 

of the span with the larger vales used for longer spans.

• Flange widths will tend to be between a third and a fifth of the 

girder depth. As has been noted previously flange plates are 

usually designed to be stocky to preclude loss of strength by 

buckling. 

• They would normally be designed as at least semi-compact, a 

definition for slenderness used in Eurocode 3 although not in 

BS5400 Part 3, which restricts section classifications to compact 

and non-compact. 



PROPORTIONS
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• In terms of the Eurocode this means applying a limit of 14 tf E 

to the flange outstand width where tf is the flange thickness and 

E is (235/E). 

• The web thickness cannot be simply defined in terms of a 

standard range. Because of the range of stiffening options a web 

might have a depth to thickness ratio ranging from between 80 

and 500. 

• Eurocode requires stiffeners to be spaced at between one and 

three times the web depth. While BS5400 Part 3 imposes no 

such restriction it is a sensible range for normal design 

application

• Longitudinal stiffening can be considered for webs with 

slenderness ratios larger than about 200.



PROPORTIONS
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• The terms compact and semi-compact and non - compact 

define the moment that a girder can carry prior to buckling and 

also its ability to redistribute moment along the span prior to 

ultimate collapse. 

• In Eurocodes there are four classes of section (refer Figure 5).

• Class 1 sections, generally called compact are able to reach 

their plastic moment Mp value and to attain sufficient rotation 

prior to buckling to allow redistribution of moments and hence 

the use of plastic collapse analysis. 

• Class 2 sections, compact, are also able to reach the Mp value 

but have limited rotational capacity. 



PROPORTIONS

27

• Class 3 sections, semi-compact, are able to reach their first 

yield moment My (a moment which at least achieves the 

extreme fibre of the girder) prior to buckling. 

• Class 4 sections, slender girders (the equivalent of non-

compact in BS5400) will not reach My and require design 

rules which either define a limit stress lower than the yield 

stress or which define a reduced effective section either 

through an effective width concept or by using an artificial 

reduced thickness.



PROPORTIONS
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Figure 5: Classification of cross-section 



DESIGN CONCEPT
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The principal functions of the main components found in plate 

girders may be summarised as follows: 

 Flanges resist moment 

Web resists shear

Web/flange welds resist longitudinal shear at interface

 Vertical stiffeners improve shear buckling resistance 

 Longitudinal stiffeners improve shear and/or bending 

resistance



PLATE GIRDER DESIGN RULE
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• Designing plate girder (which is permitted by Eurocode 3) 

assuming

 the flanges to carry all the moment

 the web taking all the shear

• The required flange plate area can be calculated as follows;

Mf.Rd = bf tf (h - tf)fy/γMO …………………………………………………….(1)

Af = MED/[(h -tf)fy/γMO  ………………………………………………………..…(2)

The minimum web thickness is control by flange induce buckling, 

whereby;



PLATE GIRDER DESIGN RULE
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• A simple and often effective design basis for a girder is to 

design the flange to carry all the moment and the web to carry 

all the shear. 

• Even where a more complex basis is used for the final design, 

this can be a very effective method for initial sizing. 

• This approach recognizes the inherent capabilities of the two 

elements. 



Minimum Web Thickness
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Cl 8, EC3-1-5

The web should be sized to avoid the flange undergoing local buckling 

due to the web being unable to support the flange, which is known as 

flange induced buckling.

fyf = yield strength of the compression flange

Ac = the effective area of the compression flange

Aw = area of the web

k = 0.3 where plastic hinge rotation is utilized, 0.4 if the plastic resistance is utilized, 

0.55 if the elastic resistance is utilized.



Bending Resistance
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The section classification is determined similar to rolled sections. Two 

methods that can be used for restrained compression flange design:

1. The flanges carrying the bending moment and the web carries the shear 

force 

– best used when the maximum bending moment and maximum shear 

force are not coincident.

– the moment capacity is only dependant on the section classification of 

the flanges as the web does not carry compression action.

2. The girder carrying the force as an entity

– more complex method and may not show any resultant economies over 

the first method but should be utilized when maximum moment and 

maximum shear are co-incident.



Basic Dimensioning
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Method 1:



Basic Dimensioning
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Method 1:



Basic Dimensioning

Method 1:
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Basic Dimensioning

Method 2 (Classes 1 and 2):
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Basic Dimensioning

Method 2 (Classes 1 and 2):
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Basic Dimensioning

Method 2 (Classes 1 and 2):
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Basic Dimensioning

Method 2 (Classes 1 and 2):
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Basic Dimensioning

Method 2 (Classes 3):
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Basic Dimensioning

Method 2 (Classes 3):
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Basic Dimensioning

Method 2 (Classes 3):
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Basic Dimensioning

Method 2 (Classes 3):
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1. Shear buckling of web
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INFLUENCE OF BUCKLING ON DESIGN

Figure 6: Shear buckling of web



• Once the hw/tw value for an unstiffened web exceeds a limiting 

figure (69ε in Eurocode 3) the web will buckle in shear before it 

reaches its full shear capacity Awτy. 

• Diagonal buckles, of the type shown in Figure, resulting from 

the diagonal compression associated with the web shear will 

form. 

• Their appearance may be delayed through the use of vertical

stiffeners, see Figure since the load at which shear buckling is  

initiated is a function of both d/tw and panel aspect ratio a/d.
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INFLUENCE OF BUCKLING ON DESIGN



2.  Lateral Torsional Buckling (LTB) of girder
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INFLUENCE OF BUCKLING ON DESIGN

Figure 7: Lateral Torsional Buckling



• Lateral torsional buckling occurs because the low torsional and 

transverse stiffness of the girder, compared to the main vertical 

stiffness, allow failure by sideways and twisting deformation of 

the girder even when loaded vertically. 

• The section will be particularly prone to this form of failure if 

the vertical loading is applied to the compression flange 

providing an increasing eccentricity of load as the girder deflects 

sideways. 

• It can be prevented through the measures discussed earlier by 

preventing sideways movement of the compression flange either 

directly through bracing or indirectly through the V-frame 

action.
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3.  Local buckling of compression flange
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INFLUENCE OF BUCKLING ON DESIGN

Figure 8: Local Buckling of Compression Flange



Provided that outstand proportions c/tf are suitably restricted,

local buckling will have no effect on the girder's load carrying 

resistance.
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INFLUENCE OF BUCKLING ON DESIGN



4.  Compression buckling of web
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INFLUENCE OF BUCKLING ON DESIGN

Figure 9: Compression buckling of web



• Webs for which hw/tw ≤ 124ε and which are not subject to any 

axial load will permit the full elastic moment resistances of the 

girder to be attained. If this limit of hw/tw is exceeded, then 

moment resistance must be reduced accordingly. If it is desired 

to reach the girder's full plastic moment resistance a stricter 

limit will be appropriate.
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INFLUENCE OF BUCKLING ON DESIGN
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INFLUENCE OF BUCKLING ON DESIGN



6.  Flange induced buckling of the web
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INFLUENCE OF BUCKLING ON DESIGN

Figure 10: Flange induced buckling of the web
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INFLUENCE OF BUCKLING ON DESIGN

If particularly slender webs are used, the compression flange may 

not receive enough support to prevent it from buckling vertically 

rather like an isolated strut buckling about its minor axis. This 

possibility may be eliminated by placing a suitable limit on hw/tw. 

Transverse stiffeners also assist in resisting this form of buckling.



5.  Local buckling of web (due to vertical load)
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INFLUENCE OF BUCKLING ON DESIGN

Figure 11: Local buckling of the web



• Vertical loads may cause buckling of the web in the region 

directly under the load as for a vertical strut. 

• The level of loading that may safely be carried before this 

happens will depend upon the exact way in which the load is 

transmitted to the web, the web proportions, and the level of 

overall bending present.
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POST BUCKLING OF WEB

Figure 12: Post buckling of the web
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POST BUCKLING OF WEB

• Owing to the post-buckling behaviour plates, unlike struts, are 

often able to support loads considerably in excess of their initial 

buckling load. 

• In plate girder webs a special form of post-buckling termed 

"tension field action" is possible. Tension field action involves a 

change in the way in which the girder resists shear loading from 

the development of uniform shear in the web at low shear 

loads, to the equivalent truss action, shown in Figure 5, at much 

higher loads. 
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POST BUCKLING OF WEB

• In this action the elements equivalent to truss members are: the 

flanges, which form the chords; the vertical stiffeners which 

form the struts; and the diagonal tension bands which form the 

ties. 

• The compressive resistance of the other diagonal of each web 

panel is virtually eliminated by the shear buckling.
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CONCLUDING SUMMARY

 The main components in a plate girder have been identified 

and their principal functions noted. 

 Initial sizing may be made on the basis that the flanges carry all 

of the moment and the web takes all of the shear. 

 Shear buckling is likely to prevent the full web shear resistance  

from being attained in slender webs. Its appearance need not 

imply failure since additional load may be carried through 

tension field action. 

 Web stiffeners (transverse and/or longitudinal) enhance both 

initial buckling and post-buckling resistance



GUIDED TUTORIAL  1 (30 MINUTES)

Proposed a suitable size of plate girder in grade

S355 steel to carry a characteristic variable

actions of 150 kN/m over a span of 20m. The

compression flange is fully restrained against

Lateral Torsional Buckling (LTB).
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• General

• Basis of design

• Properties of material

• Classification of cross-section

• Resistance of plate girder cross-section

• Bolted connections
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LECTURE  2: 

DESIGN OF STEEL PLATE GIRDER BRIDGES
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GENERAL
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GENERAL
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GENERAL
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GENERAL
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BASIS OF DESIGN
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BASIS OF DESIGN
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PROPERTIES OF MATERIALS



Cl 5.5, EC3-1-1
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CLASSIFICATION OF CROSS-SECTION



Web with neutral-axis at mid-depth and web subject to

compression (rolled section)
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Outstand flange for rolled section 
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Summary of Table 5.2
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RESISTANCE OF CROSS-SECTION
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RESISTANCE OF CROSS-SECTION
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RESISTANCE OF CROSS-SECTION



Web Design
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Web Design
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if these limits are exceeded 

resistance to shear buckling 

should be checked and 

transverse stiffeners should 

be provided at the supports



Web Design
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Contribution from the Web
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Cl 5.3, EC3-1-5



Contribution from the Web
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Cl 5.3, EC3-1-5



Contribution from the Web
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Cl 5.3, EC3-1-5



Contribution from the Web
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Cl 5.3, EC3-1-5



Contribution from the Web
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Cl 5.3, EC3-1-5



Contribution from Flanges
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Cl 5.4, EC3-1-5



Contribution from Flanges
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Cl 5.4, EC3-1-5



GUIDED TUTORIAL  1 (1 hour)

Continue…

Proposed a suitable size of plate girder in grade

S355 steel to carry a characteristic variable

actions of 150 kN/m over a span of 20m. The

compression flange is fully restrained against

Lateral Torsional Buckling (LTB).
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Design of Stiffeners
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Cl 9.3.1, EC3-1-5

Rigid End Post



Design of Stiffeners
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Cl 9.3.1, EC3-1-5

Rigid End Post



Design of Stiffeners
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Cl 9.3.1, EC3-1-5

Rigid End Post



Design of Stiffeners
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Cl 9.3.1, EC3-1-5

Rigid End Post



Design of Stiffeners
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Cl 9.2.1, EC3-1-5

Transverse Stiffeners



Design of Stiffeners
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Cl 9.2.1, EC3-1-5

Transverse Stiffeners



Design of Stiffeners
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Cl 9.2.1, EC3-1-5

Transverse Stiffeners



Design of Stiffeners
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Cl 9.3.3, EC3-1-5

Intermediate Transverse Stiffeners



Design of Stiffeners
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Cl 9.3.3, EC3-1-5

Intermediate Transverse Stiffeners



Design of Stiffeners

Cl 9.3.3, EC3-1-5

Intermediate Transverse Stiffeners
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Design of Stiffeners

Cl 9.3.3, EC3-1-5

Intermediate Transverse Stiffeners

101



Design of Stiffeners

Cl 9.2.3, EC3-1-5

Plate Splices
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Design of Stiffeners

Cl 9.3.5, EC3-1-5

Longitudinal Welds
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GUIDED TUTORIAL  1 (1 hour)

Continue….

Proposed a suitable size of plate girder in grade

S355 steel to carry a characteristic variable

actions of 150 kN/m over a span of 20m. The

compression flange is fully restrained against

Lateral Torsional Buckling (LTB).
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• Introduction

• Slip resistance of bolt

• Bolt spacing and end edge distance

• Splice configuration
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LECTURE  4: 

MAIN GIRDER SPLICES
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MAIN GIRDER SPLICES
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LECTURE  4: 

MAIN GIRDER SPLICES
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LECTURE  4: 

MAIN GIRDER SPLICES
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MAIN GIRDER SPLICES
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MAIN GIRDER SPLICES
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LECTURE  4: 

MAIN GIRDER SPLICES
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LECTURE  4: 

MAIN GIRDER SPLICES



114

LECTURE  4: 

MAIN GIRDER SPLICES



BOLTED CONNECTIONS
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1. A typical bolt used in bolting connections is shown below.
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2. All bolts, nuts and washers should comply with the standards 

listed in Cl 3.1.1(1) and Group 4 Reference Standards in Cl 1.2.4 

of EC3-1-8.

3. EC3 provides for the use of ‘ordinary bolts’ (non-preloaded 

bolts) or ‘high strength bolts’ (preloaded bolts) in classes from 4.6 

up to 10.9. Generally class 8.8 M20 bolts should be used for 

connections in members which will accommodate this size, and 

M16 used for smaller members. Heavily loaded connections may 

require M24 or M30 bolts, or the use of class 10.9 bolts. As far as 

possible only one size and grade should be used on a project.

4. The yield strength fyb and the ultimate tensile strength fub for bolt 

classes are given in Table 3.1, Cl 3.1.1(3) of EC3-1-8.
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5. The connection should be designed on a realistic, and consistent, 

assumption of the distribution of internal forces in the connection, 

which are in equilibrium with the externally applied loads. Each 

element in the connection must have sufficient resistance and 

deformation capacity.

6. The advantages of using bolted joints are fast constructions at site, 

require less supervision than welding, supports load as soon as the 

bolts are tightened and accommodates minor discrepancies in 

dimensions.
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7. The disadvantages of bolted connections are that for large forces 

the space required for the joints is extensive, and the connection 

is not as rigid as a welded connection even when preloaded bolts 

are used.



Categories of Bolted Connections
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(EC3-1-8, Cl 3.4)

1. Bolted connections loaded in shear should be designed as one of 

the following:

– Category A: Bearing type

– Category B: Slip-resistant at serviceability limit state

– Category C: Slip-resistant at ultimate limit state

*Note that for Category C connections where the connected elements 

are in tension, the design plastic resistance of the net cross-section at 

bolt holes should also be verified.
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2. Bolted connections loaded in tension should be designed as one of 

the following:

– Category D: Non-preloaded

– Category E: Preloaded

3. The design checks for these connections are summarized in Table

3.2.

4. For wind and stability bracings, bolts in Category A connections may 

be used.

5. Category D connections may be used in connections designed to 

resist normal wind loads.
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Table 3.2 Categories of bolted connections



(EC3-1-8, Cl 3.5)

1. A summary is given in Table 3.3 of EC3-1-8. A minimum spacing 

in the direction of the load, p1, is specified to prevent excessive 

reduction in a cross-sectional area of a member, to provide 

sufficient space to tighten the bolts and to prevent overlapping of 

the washers. 

2. Other critical spacing distances are specified to prevent buckling of 

plates in compression between bolts, to ensure that bolts act 

together as a group to resist forces and to minimise corrosion.

3. End and edge distances are specified to resist the load, to prevent 

local buckling, to limit corrosion and to provide space for the bolt 

head, washer and nut.

Spacing, End and Edge Distances
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(EC3-1-8, Cl 3.6)

1. The design resistance for an individual fastener subjected to shear, 

tension or bearing forces, or any combination of these forces, is 

given in Table 3.4.

2. The design resistances for tension and for shear through the 

threaded portion of a bolt given in Table 3.4 should only be used 

for bolts manufactured in conformity with the standards listed in Cl

1.2.4.
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Design Resistance of Individual Fasteners 
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3. The design shear resistance Fv,Rd given in Table 3.4 should only be 

used where the bolts are used in holes with nominal clearances not 

exceeding those for normal holes as specified in Cl 1.2.7. The 

nominal clearance in standard holes for bolted connections:

1 mm for M12 and M14 bolts.

2 mm for M16 to M24 bolts.

3 mm for M27 and larger bolts.

The nominal clearance in oversize holes for slip-resistant  

connections:

3 mm for M12 bolts.

4 mm for M14 to M22 bolts.

6 mm for M24 bolts.

8 mm for M27 and larger bolts.
131
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4. The partial safety factors, 
M

for joints are given in Table 2.1, Cl 

2.2(2).
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5. The following tables summarized the capacities of class 8.8 ordinary 

bolts of steel design grades S275 and S355.

Capacities of class 8.8 ordinary bolts: design grade S275 material
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Capacities of class 8.8 ordinary bolts: design grade S355 material

6. In single lap joints with only one bolt row (see Figure 3.3), the bolts 

should be provided with washers under both the head and the nut. 

The design bearing resistance Fb,Rd for each bolt should be limited 

to [eqn. (3.2)]:

Fb,Rd  1.5 fu d t / M2
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7. In the case of class 8.8 or 10.9 bolts, hardened washers should be 

used for single lap joints with only one bolt or one row of bolts.

8. Where bolts transmitting load in shear and bearing pass through 

packing of total thickness tp greater than one-third of the nominal 

diameter d (see Figure 3.4), the design shear resistance Fv,Rd

calculated as specified in Table 3.4 should be multiplied by a 

reduction factor p given by [eqn. (3.3)]:
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Figure 3.4 Fasteners through packings

Although no upper limit to packing thickness is given in EC3-1-8, it 

is recommended that the thickness should not exceed 4d/3, as stated 

in BS 5950-1.

9. For double shear connections with packing on both sides of the 

splice tp should be taken as the thickness of the thicker packing.



(EC3-1-8, Cl 3.7)

1. The design resistance of a group of fasteners may be taken as the 

sum of the design bearing resistances Fb,Rd of the individual fasteners 

provided that the design shear resistance Fv,Rd of each individual 

fastener is greater than or equal to the design bearing resistance 

Fb,Rd.  

2. Otherwise, the design resistance of a group of fasteners should be 

taken as the number of fasteners multiplied by the smallest design 

resistance of any of the individual fasteners.
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Group of Fasteners 



3. In any group of fasteners, the bearing resistances may vary (due to 

the end distance affecting the resistance of the end bolts). The shear 

resistance will be the same for each bolt. Consider three cases:

• Case (i) The shear bearing resistances are less than the shear 

resistance – the resistance of the group is the sum of the individual 

bearing resistances.

• Case (ii) The shear resistance is greater than some (but not all) 

bearing resistances in the group – the resistance of the connection is  

the minimum bearing resistance in the group, multiplied by the 

number of bolts.

• Case (iii) The shear resistance is less than all the bearing resistances 

in the group – the resistance of the connection is the shear resistance 

of a bolt, multiplied by the number of bolts.
138



(EC3-1-8, Cl 3.9)

1. High strength bolts a.k.a high strength friction grip (HSFG) bolts can 

be preloaded when installed and design to be slip-resistant at working 

load or ultimate load.

2. The design slip resistance of a preloaded bolt of class 8.8 or 10.9 

should be taken as [eqn. (3.6)]:

139

High Strength Bolts in Slip-Resistant 

Connections



or

where, 

ks is given in Table 3.6.

n is the number of the friction planes.

μ is the slip factor obtained either by specific tests for the friction  

surface in accordance with Cl 1.2.7 Reference Standards: Group 7 

or when relevant as given in Table 3.7.
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2. For class 8.8 and 10.9 bolts conforming with Cl 1.2.4 Reference 

Standards: Group 4, with controlled tightening in conformity with Cl 

1.2.7 Reference Standards: Group 7, the preloading force Fp,C to be 

used in eqn. (3.6) should be taken as [eqn. (3.7)]:

Fp,C = 0.7 fub As

3. The capacities of class 10.9 ordinary bolts of design steel grade S355 

are summarized in the table below.
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(EC3-1-8, Cl 3.10.2)

1. Block tearing consists of failure in shear at the row of bolts along the 

shear face of the hole group accompanied by tensile rupture along the 

line of bolt holes on the tension face of the bolt group. Figure 3.8 

shows block tearing.

Figure 3.8 Examples of block tearing 145

Block Tearing 



2. Note that in Figure 3.8, two examples show bolt groups subject to 

concentric loading and the remainder show bolt groups subject to 

eccentric loading.

3. For a symmetric bolt group subject to concentric loading, the design 

block tearing resistance is given by [eqn. (3.9)]:

where Ant is net area subject to tension.

Anv is net area subject to shear.

146



4. For a bolt group subject to eccentric loading, the design block shear 

tearing resistance is given by [eqn. (3.10)]:
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WELDED CONNECTIONS



149

3. Generally in connections, plates intersect at right angles but 

intersection angles of between 60 and 120 can be used provided 

that the correct throat size is used in design calculations.

4. In order to accommodate lack of fit, the minimum leg length S of 

fillet weld is 5 mm although 6 mm is often preferred to guarantee 

quality. The maximum size of fillet weld from a single run metal arc 

process is 8 mm. When larger fillet welds are required they are 

formed from multiple runs. 

5. The use of intermittent fillet weld is permitted (Cl 4.3.2.2) but not 

favoured because they introduce stress discontinuities, act as stress 

raisers, may introduce fatigue cracks, may act as corrosion pockets 

and are difficult to produce with an automatic welding machine.
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6. The size of a weld is often described by the leg length but the 

strength is calculated using the effective throat thickness a (Cl 4.5.2), 

which should not be less than 3 mm.

Figure 4.4: Throat thickness of a deep penetration fillet weld
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Figure 4.4: Throat thickness of a deep penetration fillet weld
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Figure 4.4: Throat thickness of a deep penetration fillet weld
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7. The effective length of a fillet weld leff (Cl 4.5.1) should be taken as 

the length over which the fillet is full size. This may be taken as the 

overall length of the weld reduced by twice the effective throat 

thickness i.e.

leff =  L – 2a

8. The minimum length of the weld allowed to transmit loading is 6a 

or 30 mm whichever is the larger.

9. There are two methods recommended in EC3-1-8 for the design of 

fillet welds namely Directional Method (Cl 4.5.3.2) and Simplified 

Method (Cl 4.5.3.3). However, only the latter will be discussed here.



(EC3-1-8, Cl 4.5.3.3)

1. The design resistance of the fillet weld will be adequate if at all 

points the design value of the weld force per unit length Fw,Ed is less   

than or equal to the design weld resistance per unit length Fw,Rd i.e.

Fw,Ed  Fw,Rd (eqn. 4.2)

2. The design weld resistance per unit length of a fillet weld is given by:

Fw,Rd =  fvw,Rd a (eqn. 4.3)

where a = throat thickness

fvw,Rd = the design shear strength of the weld
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3. The design shear strength of the weld should be determined from:

fvw,Rd =  fu / 3 (eqn. 4.4)

w M2

where  fu = nominal ultimate tensile strength of the weaker part 

joined (EC3-1-1, Table 3.1)

w = the appropriate correlation factor taken from Table 4.1.
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TUTORIAL  2 (refer to hand out)

Verify the adequacy of the cross-section 

resistance given in Figure below
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SELF ASSESSMENT

• Verify overall adequacy of the plate girder 
below
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