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A.1 SCOPE OF THE DOCUMENT AND VALIDATION CRITERIA  

This document contains the cross-check between CSEôs results and separate 

computations (by hand, using MS Excel or other structural analysis software). The purpose 

is to get information about CSEôs reliability in steel joints computation. 

The document, albeit quite voluminous, in at an intermediate stage. More validation 

work is in the pipeline. 

CSE also uses external solvers CSE, CURAN and WBUCKLING as a tool to get 

linear static analyses results, nonlinear static analyses results, and buckling analyses 

results. These programs have been tested independently and their validation schedules 

can be found at the two websites www.castaliaweb.com (Italian) and 

www.steeelchecks.com (English). FEM computation of components (end-plates, gusset-

plates, and so on) and of set of components (ideally the whole node) is a very important 

checking tool in CSE. 

Several models have been set, in order to test all the different checks done by CSE. 

Cross-check computations are reported in detail and all the computational stages are given 

as well, so that is possible to redo every check. Where needed, proper reference to the 

theory is done, to clear some aspects. CSEôs final and intermediate results are reported in 

a clear and detailed way, as well the results of cross-check software. 

Quite ñtypicalò problems are studied, so that hand computation can be done easily, 

using theoretical formulae and models. In CSE, a simple or typical joint is just a general 

joint: what we call ñbolted cover plate splice jointò, for CSE is just an aggregate of 

members, plates and bolts freely placed in the space and connected together. Its 

computation is done according to components properties and position; for this reason, 

even if we use ñtypicalò models as benchmarks, we are cross-checking generic joints for 

CSE. 

The results reported in this document are useful to appreciate CSEôs accuracy, so 

that we believe that, due to these checks and the many more unreferenced checks we 

have done, the program can be used also in complex problems, difficult to be computed by 

hand. CSE, indeed, has been used in such contexts. Obviously, a critical analysis of the 

results is needed, but this holds true for any other computation software. Moreover, the 

problems related to steel connection checks are particularly complex, so a special attention 

is expected when dealing with them. 

Since the validation document has been developed together with CSEôs 

development, the structure of the document reflects the growth of the program. Parts B 

and C of this document refer to different stages of CSEôs development. When a new tool is 

added to CSE, oldest models are re-run to test if new results are equal to the previous 

ones. 

http://www.castaliaweb.com/
http://www.steeelchecks.com/
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The scope of this document is not to define realistic or properly designed joints: the 

purpose is to validate CSEôs computations. For this reason, sometimes the examples are 

set to get a particular computation condition, maybe not usual or common, in order to 

check program reliability and consistency. For the same reason, for example, sometimes 

bolts could have a larger diameter or their number could be greater than that suggested by 

proper design criteria, in order to check different and unpredictable conditions. 

 

A.2 STRUCTURE OF THE VALIDATION DOCUMENT  

As previously said, the document is divided into two different parts, which follow 

CSEôs development process. Before doing any other check, the first step is to compute the 

forces carried by each bolt and each weld of the joint. After that, it will be possible to check 

the joiners (bolts and welds) according to those forces, and then, according to the action 

and reaction principle, it will be possible to check all the other components (members and 

cleats) connected to the joiners. 

 

A.2.1 Forces distribution in joiners and basic checks (p art B)  

Part B checks forces distribution in joiners (bolts and welds). CSEôs results are 

compared with hand computations or other programsô results. In addition, joiners 

resistance check is tested in this part, as well as bolt bearing on components drilled by 

bolts. 

Joiners resistance check is a basic check, always done by CSE. Other components 

checks (including bolt bearing) can be enabled or disabled by the user according to the 

problem at hand; since in the earlier versions of the program it was not possible to disable 

bolt bearing checks, this check was included in part B. 

 

When part B was prepared, CSE had not all the latest features and checks yet; for 

this reason, only some features are validated here in part B. These features are: 

¶ distribution of the forces in each bolt and in each weld 

¶ bolts resistance check 

¶ welds resistance check 

¶ bolt bearing check for components drilled by bolts 

 

Some earliest models use an imported FEM model to get load combinations, since it 

was the only way to get geometry and internal forces in the beginning. Now models can be 
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created directly in CSE and the internal forces can be defined also importing tables, typing 

values or using factored elastic or plastic limits of the members.  

 

A.2.2 Components checks and flexibility index (pa rt C)  

Part C includes the validation of all the other checks which can be enabled or 

disabled by the user (these checks have been added to CSE after basic checks). In 

addition, the behaviour of the same joint is tested changing bolt layouts flexibility index 

(this parameter will be explained later; it is a value to modify bolt layouts stiffness). 

The starting stage for all the checks, that is the computation of forces distribution, has 

already been tested in part B. Here it will not be deepened; we will focusing on the 

following features: 

¶ anchor bolts pull-out checks 

¶ automatic FEM models creation and analysis for components 

¶ shear check of slip-resistant bolt layouts 

¶ members net sections checks 

¶ simplified resistance checks for cleats (with equivalent beam models) 

¶ bearing surface check 

¶ userôs checks 

¶ bolt layout stiffness according to flexibility index modification 

 

A.3 PROGRAMS USED FOR CROSS-CHECK 

The following programs have been used to validate CSEôs results. 

 

Saldature  (Weldings) 

Author: Prof. Ing. G. Ballio (steel structures professor at Politecnico of Milan, formerly 

Dean of the same University). It is an application of the E.Str.A.D.A. package (Education to 

structural assisted design and analysis) produced by Castalia s.r.l. and Politecnico of 

Milano, distributed by Castalia s.r.l. This application is used in alternative to hand 

computations in CSEôs validation for stress in welds computation. The application has 

been developed independently from Castalia and using completely different software tools. 

 

Lisa © Ver. 3.5 
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Author: Prof. Ing. M. A. Pisani, professor of Structural Engineering at Politecnico of 

Milan, distributed by Castalia s.r.l. until 2009. This program is used to cross-check CSEôs 

results on bearing surface. The application has been developed independently from 

Castalia and using completely different software tools. 

 

Both programs are in Italian. 

 

A.4 NOTES 

1) The document could be extended in the future, following the development of the 

program. Some dialog boxes shown here could be different in later versions of CSE; they 

could have additional options, buttons, etc. Checks are periodically redone to assess that 

results are the same under the same hypotheses. 

 

2) Output listing abstracts in some cases have a small font size to keep the original format 

for the columns. 

 

3) This document is periodically updated, but it could happen that current results are 

different from those shown here. For example, before CSEôs version 4.15, automatic FEM 

models were created using thin plate elements. From that version on, models use thick 

plate elements: obviously results change, and the validation document was updated few 

weeks later than new versionôs release. 
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B.1 PRELIMINARY CHECKS: JOINERS, COMPUTAT ION PROPERTIES 

B.1.1 Introduction  

This chapter validates how CSE computes joiners properties (bolt and weld layouts). 

All the properties are printed in the output listing and can be used by the users for 

additional checks. Models used here are the same used later to validate other computation 

aspects. 

 

B.1.2 Bolt layouts  

We will consider a cover plate splice joint to see how CSE computes bolt layout 

properties. The same model (Validation_SP_1_1.CSE) will be used later to validate forces 

distribution in single bolts, for bolts resistance check and for bolt bearing check. 

The following figure shows a 3D view of the model. There are six different bolt 

layouts: for both members, there are a bolt layout on the web and two on the flanges. 

 

 

Figure B-1 3D view of the splice joint  

 

Letôs see how CSE computes the polar inertia moment of a bolt layout: consider, for 

example, bolt layout B3, the one highlighted in blue in the next figure. 
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Figure B-2 Bolt layout B3 (in blue)  

 

Polar inertia moment (Jp) computed by CSE is reported in following output listing 

abstract. All the bolts of a layout have the same diameter; Jp is a polar inertia moment per 

bolt area [length2]. 

 

------  

Units  

--- ---  

Length    Force        Temperature   Time  

 mm         N               °C         s  

 

[é] 

 

------------------------------------  

Boltlayouts computational properties  

------------------------------------  

 

Id      xc           yc           AcT          Jx           Jy          Jxy           Ju           Jv       Pangle         Jp  

 

B3  0.000e+000   0.000e+000   3.563e+003   1.400e+005   1.172e+005   0.000e+000   1.400e+005   1.172e+005  0.000e+000   2.572e+005  

 

 

The value computed by CSE is Jp = 2.572*105mm2; now we are going to hand 

compute it in order to to validate CSEô value. Next figure shows bolts distances (distances 

between rows and columns, distance from each bolt to layout centre). 
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Figure B-3 Distances between bolts and from centre  

 

We have: 

¶ 2 bolts at 91.5mm from the centre 

¶ 4 bolts at mm3.104505.91 22 =+  from the centre 

¶ 4 bolts at mm5.1351005.91 22 =+  from the centre 

¶ 4 bolts at mm7.1751505.91 22 =+  from the centre 

 

Polar inertia moment per bolt area is 

( ) 2522222 10572.27.17545.13543.10445.912 mmdJ ip Ö=Ö+Ö+Ö+Ö=S=  

that is the same value computed by CSE. 

 

Now we are going to compute bolts moduli . We have a total modulus and its two 

components along bolt layout principal axes: 

i

p

iT
d

J
W =,  

i

p

iTu
v

J
W =,  
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i

p

iTv
u

J
W =,  

Consider, for example, the bolt highlighted in next figure, and compute its moduli. 

 

Figure B-4 

 

mm
mm

mm

d

J
W

i

p

iT

3
25

, 10898.1
5.135

10572.2
Ö=

Ö
==  

mm
mm

mm

v

J
W

i

p

iTu

3
25

, 10572.2
100

10572.2
Ö-=

-

Ö
==  

mm
mm

mm

u

J
W

i

p

iTv

3
25

, 10811.2
5.91

10572.2
Ö-=

-

Ö
==  

 

The same values are given by CSE: 

 

---------------------------------------------  

Boltlayouts single bolts position and moduli  

---------------------------------------------  

 

   Id  Bolt      x            y            AcT         WTui         WTvi          WTi          Wui          Wvi  

 

   B1  11  - 9.150e+001   1.000e+002   3.563e+003  - 2.572e+003  - 2.811e+003   1.898e+003   1.400e+003    1.281e+003  

 

NOTE WELL: in the output listing, distances are given in x-y layout reference axes; in 

a general case, they do not coincide with u-v principal axes. 
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Considering layout principal axes u -v, letôs compute layout inertia moments per 

area. Model used is Validation_BC_3.CSE, used also later to validate forces in joiners, 

joiners and bolt bearing. Next figure shows the joint; considered bolt layout is in red; 

distances between bolts and layout centre are given. 

 

Figure B-5 3D view of the joint  

 

 

Figure B-6 Distances from the centre  
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Ju is the inertia moment per area about axis u: it is the sum of the square of the 

distances from bolts to layout centre, along axis v. 

Jv is the inertia moment per area about axis v: it is the sum of the square of the 

distances from bolts to layout centre, along axis u. 

 

We have: 

( ) 22222 29160)108(2)54(2)0(1 mmmmmmmmdvJ iu =Ö+Ö+Ö=S=  

( ) 222 0)0(5 mmmmduJ iv =Ö=S=  

 

The same values are computed by CSE: 

 

------------------------------------  

Boltlayouts computational properties  

--------------------------- ---------  

 

Id      xc           yc           AcT          Jx           Jy          Jxy           Ju           Jv       Pangle         Jp  

 

 B1  0.000e+000   0.000e+000   1.272e+003   2.916e+004   0.000e+000   0.000e+000   2.916e+004   0.000e+000  - 0.000e+000    2.916e+004  

 

NOTE WELL: when CSE computes the distribution of axial force in the bolts, it adds 

also the inertia moment of each single bolt, per area. This aspect is validated in B.5.3. 

 

Letôs compute bolts  moduli : 

i

u
iu

v

J
W =,  

i

v
iv

u

J
W =,  

 

Now we compute Wu,i values for the bolts, which are numbered according to Figure B-6: 

mm
mm

mm

v

J
W u

u 270
108

29160 2

1

1, -=
-

==  

mm
mm

mm

v

J
W u

u 540
54

29160 2

2

2, -=
-

==  

¤===
mm

mm

v

J
W u

u
0

29160 2

3

3,  

mm
mm

mm

v

J
W u

u 540
54

29160 2

4

4, ===  
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mm
mm

mm

v

J
W u

u 270
108

29160 2

5

5, ===  

 

CSE the same values (see following listing abstract, column Wui). Note that when 

distance is null (for example for bolt 3, with v=0) Wu,i would be infinite; in this case, for 

computational reasons, CSE uses the value Wu,i=1012mm. 

 

- --------------------------------------------  

Boltlayouts single bolts position and moduli  

---------------------------------------------  

 

   Id  Bolt      x            y            AcT         WTui         WTvi          WTi          Wui          Wvi  

 

   B1   1   0.000e+000  - 1.080e+002   1.272e+003   2.700e+002   1.000e+012   2.700e+002  - 2.700e+002   1.000e+012  

   B1   2   0.000e+000  - 5.400e+001   1.272e+003   5.400e+002   1.000e+012   5.400e+002  - 5.400e+002   1.000e+012  

   B1   3   0.000e+000   0.000e+00 0   1.272e+003   1.000e+012   1.000e+012   1.000e+012   1.000e+012   1.000e+012  

   B1   4   0.000e+000   5.400e+001   1.272e+003  - 5.400e+002   1.000e+012   5.400e+002   5.400e+002   1.000e+012  

   B1   5   0.000e+000   1.080e+002   1.272e+003  - 2.700e+002   1.000e+012   2.700e+002   2.700e+002   1.000e+012  

 

Since the distance in u direction is equal to 0 for all the bolts, Wvi column contains all 

Wu,i=1012mm; it would be impossible to determine that value, otherwise: 

NaN
mm

mm

u

J
W

i

v
iv ===

0

0 2

,  

Moduli are used in single bolts axial forces computation, starting from bending in the 

whole layout. 

 

Now we are going to validate the computation of bolts design resistance for shear 

and tension. Consider model Validation_CB_1.CSE, used later in this document. Bolts are 

M24, class 8.8. According to formulae given in EN1993-1-8 Table 3.4 (see appendix), 

resistance to shear and for tension are: 

2

,

M

ubv
Rdv

Af
F

g

a
=  

2

2

,

M

sub

Rdt

Afk
F

g
=  

with 

av=0.6 

fub=800N/mm2 

A=353mm2 

As=452mm2 

k2=0.9 

gM2=1.25 
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NOTE WELL: in the computation of Fv,Rd, gross area is used if threaded are does not 

involve check section, as in this case (see next figure). For tension, instead, net area As is 

always used. For class 8.8 bolts, av is always equal to 0.6. 

 

Figure B-7 

 

According to the previous values, we have: 

N
mmmmN

F Rdv

5
22

, 10737.1
25.1

4.452/8006.0
Ö=

ÖÖ
=  

N
mmmmN

F Rdt

5
22

, 10033.2
25.1

353/8009.0
Ö=

ÖÖ
=  

 

CSE computes the same values (Vlim is design resistance for shear, Nlim is design 

resistance for tension): 

 

----------------------------  

Boltlayouts bolt properties  

----------------------------  

 

   Id  Class   Dia   Dia H    Sec  Full  Precision    Area         Ares         Vlim         Nlim         Nini  

 

   B1    8 .8   24.0   26.0     1   yes      not    4.524e+002   3.530e+002   1.737e+005   2.033e+005    0.000e+000  
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B.1.3 Weld layouts  

Here we are going to validate area and inertia moments computation for a fillet welds 

layout. Consider model Validation_CC_1.CSE: welds are applied to a HEB320 cross-

section, with the following layout. 

 

 

Figure B-8 Fillet welds in blue  

 

Fillet welds have a thickness equal to 20mm; they have a rectangular triangle section, 

and their throat section is equal to mmmma 1421.142/20 == . Cross-section dimensions 

are given in next figure. 
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Figure B-9 

 

The distances shown in previous figure are given in the following table. 

HEB 320 

h 320mm 

b 300mm 

tw 11.5mm 

tf 20.5mm 

r 27mm 

h'=h-2tf-2r 225mm 

b'=(b-tw-2r)/2 117.25mm 

 

Fillet welds end 1mm before cross-sections sides extremes. Their lengths are 

reported in next table. Fillet welds are named A, B and C according to Figure B-10. 

Filled welds  Length ( L i) 

A LA=b-2mm 298mm 

B LB=b'-2mm 115.25mm 

C LC=h'-2mm 223mm 
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Figure B-10 

 

In order to validate CSEôs results, we use Saldature (Weldings) application by Prof. 

Ing. Giulio Ballio (see reference in A.3, page 11 of this document). 

 

Figure B-12 shows Saldatureôs interface, with data for welds definition (throat section, 

direction, length and position of each weld) and the results computed by the application for: 

¶ Layout total area A (AT in CSE), equal to the sum of single welds area; the area of a 
weld is equal to its throat section and its length) 

¶ Inertia moment IGxx about principal axis x (Ju about axis u in CSE) 

¶ Inertia moment IGyy about principal axis v (Jv about axis v in CSE) 

 

Welds insertion points in Saldature are shown in Figure B-11; starting from thos 

points, welds direction is along +x or +y, according to the side to which they are parallel. 

Next figure shows the coordinates of starting points (only negative values are reported for 

x direction, the layout is symmetric). 
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Figure B-11 

 

Distances reported in Figure B-11 

x1 -LC/2 -11.5mm 

x2 -h/2+tf+a/2 -132.43mm 

x3 -h/2-a/2 -167.07mm 

y1 -tw/2-a/2 -12.821mm 

y2 tw+r+1mm 33.75mm 

y3 -LA/2 -149mm 
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Figure B-12 Layout area and inertia moments computed by Saldature  

 

Results computed by Saldature are, given in mm4 and rounded to the fourth 

significant digit: 

A = 2.126*104mm2 

IGxx = 1.251*108mm4 

IGyy = 3.757*108mm4 

 

The same values are computed by CSE: 

 

-------------------------------------  

Weldlayouts computational properties  

-------------------------------------  

 

   Id      xc           yc           beta        AT           Ju          Jv           Jp  

 

   W1  1.233e+001   4.559e+001  - 7.070e - 016   2.126e+004   1.251e+008  3.757e+008    5.008e+008  

 

 

Polar inertia moment Jp is equal to the sum of Ju and Jv: 

 



 

 

28 

CSE: worked examples ï validation (part B)     www.steelchecks.com   info@steelchecks.com 

Jp = 1.251*108mm4 + 3.757*108mm4 = 5.008*108mm4 

 

NOTES 

¶ xc and yc values printed in CSEôs output listing are the coordinates of layout centre 

referred to insertion face clicked in the scene. 

¶ From version 4.1 on, CSE includes also penetration welds. 
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B.2  HORIZONTAL SPLICE JOINTS  

B.2.1 Bolted cover plate  

B.2.1.1 Introduction  

We have a bolted cover plate splice joint with HEB300 cross-section (model 

Validation_SP_1_1.CSE, Figure B-13). In Figure B-14 are reported the properties of the 

shape used. 

 

Figure B-13 3D view of the model  
 

 

Figure B-14 Cross -section properties (units: mm, mm
2
, etc.)  
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Members and plates material is S235; bolts are M18 class 10.9 (fyb=900n/mm2, 

fub=1000N/mm2). Next figures show different views of the model and of bolt layouts 

schemes). 

 

Figure B-15 Side view  

 

 

Figure B-16 Top view  
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Figure B-17 Front view  

 

 

Figure B-18 Upper flange bolts numbering (distances: 183mm, 50mm)  
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Figure B-19 Lower flange bolts numbering (distances: 183mm, 50mm)  

 

 

Figure B-20 Web bolts numbering (distances: 49mm, 51mm)  

 

Bolt layouts have the ñshear onlyò option on: it means that a single layout is not 

able to carry out of plate actions  (bending and axial force), but in -plane actions only 

(shear and torque, which produces shear in single bolts) . If ñshear onlyò layouts are 

used for joints in bending, they must be properly positioned so that bending (or axial 

forces) can be carried as shear forces in some layouts. 

 

B.2.1.2 Bending about strong axis  

B.2.1.2.1 Checks  
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In imported Sargon© model, constraints and loads are applied to get only a bending 

moment in the node of the joint. The moment is equal to 1.2 times the plastic modulus of 

the cross-section (overstrength factor). Moment is equal to 1.2*Wpl*fy = 5.27*108Nmm. For 

the validation purpose, any other moment value could be used. 

Note well: in early versions of the program, FEM model importing was the only way to 

get geometry and internal forces. Now the same condition could be created defining the 

node directly in CSE and defining the loads using amplified plastic limit of the member, a 

defined value or an imported combination. 

 

The following abstract report show the forces are distributed by CSE in each bolt 

layout. Bending moment is carried as shear force by flanges bolt layouts (B1, B2, B3 and 

B4) and a torque by web bolt layouts (B5 and B6). The most part of the load is carried by 

flages bolt layouts. 

 

--------------------------------------------------------------------  

Forces acting over bolt layouts at different extremes, global system  

--------------------------------------------------------------------  

 

Id      Inst  Combi  Ext      Fx           Fy            Fz           Mx           My           Mz  

 

   B3     1     1     1 - 1.4745e - 006 - 1.5487e+006   1.9401e - 006 - 1.4170e+007  1.2367e - 005  2.9493e - 004  

   B3     1     1     2  1.4745e - 006  1.5487e+006 - 1.9401e - 006 - 1.6028e+007  1.6386e - 005 - 2.9493e - 004 

   B1     1     1     1 - 1.4745e - 006  1.5487e+006 - 1.9401e - 006  1.4170e+007  1.2367e - 005  2.9493e - 004  

   B1     1     1     2  1.4745e - 006 - 1.5487e+006  1.9401e - 006  1.6028e+007  1.6386e - 005 - 2.9493e - 004  

   B2     1     1     1  1.4745e - 006  1.5487e+006  1.7709e - 006  1.4170e+007 - 1.2367e - 005  2.9493e - 004  

   B2     1     1     2 - 1.4745e - 006 - 1.5487e+006 - 1.7709e - 006  1.6028e+007 - 1.6386e - 005 - 2.9493e - 004  

   B4     1     1     1  1.4745e - 006 - 1.5487e+006 - 1.7709e - 006 - 1.4170e+007 - 1.2367e - 005  2.9493e - 004  

   B4     1     1     2 - 1.4745e - 006  1.5487e+006  1.7709e - 006 - 1.6028e+007 - 1.6386e - 005 - 2.9493e - 004  

   B5     1     1     1 - 8.6227e - 006 - 5.7521e - 004 - 3.3269e - 020 - 3.7420e - 003  4.9580e - 005  2.9932e+007  

   B5     1     1     2  1.7245e - 005  1.1113e - 003  6 .9568e - 020 - 1.4709e - 004  8.4676e - 017 - 5.9864e+007  

   B5     1     1     3 - 8.6227e - 006 - 5.3608e - 004 - 3.6300e - 020  3.4390e - 003 - 4.9580e - 005  2.9932e+007  

   B6     1     1     1 - 8.6227e - 006  6.6062e - 004 - 4.3419e - 020  3.4390e - 003  4.9580e - 005  2.9932e+007  

   B6     1     1     2  1.7245e - 005 - 1.3865e - 003  8.5367e - 020 - 4.4717e - 004  1.1917e - 016 - 5.9864e+007  

   B6     1     1     3 - 8.6227e - 006  7.2584e - 004 - 4.1949e - 020 - 3.7420e - 003 - 4.9580e - 005  2.9932e+007  

 

Id  bolt layout identification number 

Inst  joint instance 

Combi  load combination 

Ext  bolt layout extreme 

Fx,y,z  forces acting on bolt layout (axes x and y lie on layout plane) 

Mx,y,z  moments acting on bolt layout 

 

Shear computed on flanges by CSE is 1.5487*106N; considering both flanges, total 

carried moment is: 

NmmN
h

N 866 10646.4
2

300
10547.12

2
10547.12 Ö=ÖÖÖ=ÖÖÖ  

which is the 88% of total applied moment (5.27*108Nmm). 
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We can evaluate via hand computation the distribution of the forces in elastic range. 

=+= ywyftot f
h

tf
h

btM
62

2
2

1  

NmmmmN
mm

mmmmN
mm

mmmm 82
2

2 10205.4/235
6

208
11/235

2

300
193002 Ö=ÖÖ+Ö³ÖÖ=  

 

Flanges carry the following moment 

NmmmmN
mm

mmmmf
h

btM yff

82 10019.4/235
2

300
193002

2
2 Ö=ÖÖÖÖ===  

which is the 95.6% del of total applied moment. 

 

CSE assigns to flanges bolt layout a small moment, but this aspect must be 

considered: forces distribution depends on flanges and web geometry but also on bolt 

layouts translational stiffness (if there is not a bearing surface, it is proportional to bolt 

numbers, bolt radius raised to the 4th power, and inversely proportional to cubed net 

length; net length depends on number and thickness of bolted plates). Consider, for 

example, to remove bolts on the web: obviously, the 100% of the load would be carried by 

the flanges. 

At the end of this paragraph, we will see how forces distribution changes when bolt 

number on flanges changes, or when bolts diameter changes on flanges or web. It must be 

underlined that each distribution which guarantees equilibrium is acceptable, according to 

limit analysis theorem, if all the checks are done with coherence to assumed distribution. 

The distribution computed by CSE (flexibility index was not change) is near to the one 

we could find ñby handò. If the ratio web bolt layout / flanges bolt layout is greater than the 

ratio web area / flanges area, web bolt layout will carry a greater load than that computed 

considering areas only. The actual distribution is not so easy to be computed by hand. 

In part C we will see how the flexibility index drives forces distribution. Flexibility index 

is a parameter used to change translational stiffness of a bolt layout. 

 

Letôs validate CSE results. Each bolt on the flanges should carry 1/14 of the total load 

on the layout (since there are 14 bolts). We have 1.5487*106N / 14 = 1.106*105N. 

 

--------------------------------------------------------------  
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Internal actions in bolts at different planes, exploitations  

--------- -----------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B3   1   1   1.386e - 007   1.386e - 007   6.66 7e- 008  - 1.106e+005  1.106e+005    9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   2   1   1.386e - 007   1.386e - 007   6.667e - 008  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   3   1   1.386e - 007   1.386e - 007   9.341e - 009  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   4   1   1.386e - 007   1.386e - 007   9.341e - 009  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0. 906 resis     

    1     1    B3   5   1   1.386e - 007   1.386e - 007  - 4.799e - 008  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   6   1   1.386e - 007   1.386e - 007  - 4.799e - 008  - 1.106e+005  1.106e+005   9.40 1e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   7   1   1.386e - 007   1.386e - 007  - 1.053e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   8   1   1.386e - 007   1.386e - 007  - 1.053e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3   9   1   1.386e - 007   1.386e - 007  - 1.627e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3  10   1   1.386e - 007   1.386e - 007  - 1.627e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3  11   1   1.386e - 007   1.386e - 007  - 2.200e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.90 6 resis     

    1     1    B3  12   1   1.386e - 007   1.386e - 007  - 2.200e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3  13   1   1.386e - 007   1.386e - 007  - 2.773e - 007  - 1.106e+005  1.106e+005   9.401e +004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B3  14   1   1.386e - 007   1.386e - 007  - 2.773e - 007  - 1.106e+005  1.106e+005   9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

 

    1     1    B1   1   1  - 1.386e - 007  - 1.386e - 007   6.667e - 008   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   2   1  - 1.386e - 007  - 1.386e - 007   6.667e - 008   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   3   1   - 1.386e - 007  - 1.386e - 007   9.340e - 009   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   4   1  - 1.386e - 007  - 1.386e - 007   9.340e - 009   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906  resis     

    1     1    B1   5   1  - 1.386e - 007  - 1.386e - 007  - 4.799e - 008   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   6   1  - 1.386e - 007  - 1.386e - 007  - 4.799e - 008   1.106e+005  1.106e+005  - 9.401e+ 004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   7   1  - 1.386e - 007  - 1.386e - 007  - 1.053e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   8   1  - 1.386e - 007  - 1.386e - 007  - 1.053e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1   9   1  - 1.386e - 007  - 1.386e - 007  - 1.627e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1  10   1  - 1.386e - 007  - 1.386e - 007  - 1.627e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1  11   1  - 1.386e - 007  - 1.386e - 007  - 2.200e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 r esis     

    1     1    B1  12   1  - 1.386e - 007  - 1.386e - 007  - 2.200e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1  13   1  - 1.386e - 007  - 1.386e - 007  - 2.773e - 007   1.106e+005  1.106e+005  - 9.401e+00 4 - 1.699e - 007   9.401e+004   0.906 resis     

    1     1    B1  14   1  - 1.386e - 007  - 1.386e - 007  - 2.773e - 007   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis     

 

    1     1    B2   1   1   1.265e - 007   1.265e - 007   2.773e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   2   1   1.265e - 007   1.265e - 007   2.773e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   3   1   1.265e - 007   1.265e - 007   2.200e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   4   1   1.265e - 007   1.265e - 007   2.200e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 re sis     

    1     1    B2   5   1   1.265e - 007   1.265e - 007   1.627e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   6   1   1.265e - 007   1.265e - 007   1.627e - 007   1.106e+005  1.106e+005  - 9.401e+004   1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   7   1   1.265e - 007   1.265e - 007   1.053e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   8   1   1.265e - 007   1.265e - 007   1.053e - 007   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2   9   1   1.265e - 007   1.265e - 007   4.799e - 008   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2  10   1   1. 265e - 007   1.265e - 007   4.799e - 008   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2  11   1   1.265e - 007   1.265e - 007  - 9.340e - 009   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resi s     

    1     1    B2  12   1   1.265e - 007   1.265e - 007  - 9.340e - 009   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2  13   1   1.265e - 007   1.265e - 007  - 6.667e - 008   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B2  14   1   1.265e - 007   1.265e - 007  - 6.667e - 008   1.106e+005  1.106e+005  - 9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

 

    1     1    B4   1   1  - 1.265e - 007  - 1.265e - 007   2.773e - 007  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4   2   1  - 1.265e - 007  - 1.265e - 007   2.773e - 007  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4   3   1  - 1.2 65e - 007  - 1.265e - 007   2.200e - 007  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4   4   1  - 1.265e - 007  - 1.265e - 007   2.200e - 007  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis      

    1     1    B4   5   1  - 1.265e - 007  - 1.265e - 007   1.627e - 007  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4   6   1  - 1.265e - 007  - 1.265e - 007   1.627e - 007  - 1.106e+005  1.106e+005   9.401e+004  1 .699e - 007   9.401e+004   0.906 resis     

    1     1    B4   7   1  - 1.265e - 007  - 1.265e - 007   1.053e - 007  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4   8   1  - 1.265e - 007  - 1.265e - 007   1.053e - 007  - 1. 106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4   9   1  - 1.265e - 007  - 1.265e - 007   4.799e - 008  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4  10   1  - 1.265 e- 007  - 1.265e - 007   4.799e - 008  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4  11   1  - 1.265e - 007  - 1.265e - 007  - 9.340e - 009  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4  12   1  - 1.265e - 007  - 1.265e - 007  - 9.340e - 009  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

    1     1    B4  13   1  - 1.265e - 007  - 1.265e - 007  - 6.667e - 008  - 1.106e+005  1.106e+005   9.401e+004  1.6 99e - 007   9.401e+004   0.906 resis     

    1     1    B4  14   1  - 1.265e - 007  - 1.265e - 007  - 6.667e - 008  - 1.106e+005  1.106e+005   9.401e+004  1.699e - 007   9.401e+004   0.906 resis     

 

    1     1    B5   1   1  - 5.545e - 021  - 5.545e - 021   1.090e+005  - 5.2 36e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     

    1     1    B5   1   2   6.050e - 021   6.050e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

    1     1    B5   2   1  - 5.545e - 021  - 5.545e - 021   1.090e+005   5.236e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     

    1     1    B5   2   2   6.050e - 021   6.050e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

    1     1    B5   3   1  - 5.545e - 021  - 5.545e - 021  - 1.437e - 006  - 5.236e+004  5.236e+004  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.429 resis     

    1     1    B5   3   2   6.050e - 021   6.050e - 021   1.437e - 006   5.236e+004  5.236e+004  - 3.710e - 005 - 3.59 3e- 007   3.710e - 005   0.429           

    1     1    B5   4   1  - 5.545e - 021  - 5.545e - 021  - 1.437e - 006   5.236e+004  5.236e+004  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.429           

    1     1    B5   4   2   6.050e - 021   6.050e - 021   1.437e - 006  - 5.236 e+004  5.236e+004  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.429 resis     

    1     1    B5   5   1  - 5.545e - 021  - 5.545e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     

    1     1    B5   5   2   6.050e - 021   6.050e - 021   1.090e+005   5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

    1     1    B5   6   1  - 5.545e - 021  - 5.545e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     

    1     1    B5   6   2   6.050e - 021   6.050e - 021   1.090e+005  - 5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

 

    1     1    B6   1   1  - 7.236e - 021  - 7.236e - 021   1.090e+005  - 5.236e+004  1.209e+005  - 8.744e - 005 - 3.593 e- 007   8.744e - 005   0.990 resis     

    1     1    B6   1   2   6.991e - 021   6.991e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

    1     1    B6   2   1  - 7.236e - 021  - 7.236e - 021   1.090e+005   5.236e +004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   2   2   6.991e - 021   6.991e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

    1     1    B6   3   1  - 7.236e - 021  - 7.236e - 021  - 1.437e - 006  - 5.236e+004  5.236e+004  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.429 resis     

    1     1    B6   3   2   6.991e - 021   6.991e - 021   1.437e - 006   5.236e+004  5.236e+004  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.429           

    1     1    B6   4   1  - 7.236e - 021  - 7.236e - 021  - 1.437e - 006   5.236e+004  5.236e+004  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.429           

    1     1    B6   4   2   6.991e - 021   6.991e - 021   1.437e - 006  - 5.236e+004  5.236e+004  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.429 resis     

    1     1    B6   5   1  - 7.236e - 021  - 7.236e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   5   2   6.991e - 021   6.991e - 021   1.090e+005   5.236e+0 04  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

    1     1    B6   6   1  - 7.236e - 021  - 7.236e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   6   2   6.991e - 021   6.991e - 021   1.090e+005  - 5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

 

¶ Bolt: number of bolt (from 1 to n for each layout) 

¶ Sec: check section (number of drilled plates less 1) 

¶ NB, TuB, TvB, MuB, MvB: axial force, shear and moments in each check section 

¶ NTB: total axial force (including preload) 

¶ TB: sum of Tu and Tv 
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¶ MB: sum of Mu and Mv 

¶ expl: utilization factor according to the Standard (EN1993-1-8 in this case) 

 

NOTE WELL: CSE computes also the parasitic bending in bolt shafts: this can be 

considered or neglected in the checks. 

 

Utilization factor, neglecting axial force in the bolt (it is quite null) is the ratio between 

shear force in the bolt (FV,Ed) and design resistance (FV,Rd): 

2

,

M

ubv
Rdv

Af
F

g

a
=  

gM2 is equal to 1.25; resisting area for shear is the total one; av=0.6 (see following abstract 

from EN 1993-1-8: 2005). 

 

All the bolts are equal, so they have the same design resistance: 

NF Rdv

5

, 10221.1
25.1

5.25410006.0
Ö=

ÖÖ
=   

CSE computes the following data, that are the same: 

 

----------------------------  

Boltlayouts bolt properties  

----------------------------  

 

   Id  Class   Dia   Dia H    Sec  Full  Precision    Area         Ares         Vlim         Nlim         Nini  

 

   B3   10.9   18.0   20.0     1   yes      not     2.545e+002   1.920e+002   1.221e+005    1.382e+005   0.000e+000  

   B1   10.9   18.0   20.0     1   yes      not    2.545e+002   1.920e+002   1.221e+005   1.382e+005   0.000e+000  

   B2   10.9   18.0   20.0     1   yes      not    2.545e+002   1.920e+002   1.221e+005   1.382e+005   0.000e+000  

   B4   10.9   18.0   20.0     1   yes      not    2.545e+002   1.920e+002   1.221e+005   1.382e+005   0.000e+000  

   B5   10.9   18.0   20.0     2   yes      not    2.545e+002   1.920e+002   1.221e+005   1.382e+005   0.000e+000  

   B6   10.9   18.0   20.0     2   yes      not    2.545e+002   1.920e+002   1.221e+005   1.382e+005   0.000e+000  
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Figure B-21 Abstract from EN 1993 -1-8: 2005: bolts design res istance  

 

Bolts of layouts B1, B2, B3 and B4 are subject to the same force, equal to 

1.106E+05N; utilization facto is equal to: 
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--------------------------------------------------------------  

Internal actions in bolts at different pl anes, exploitations  

--------------------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B1   4   1  - 1.386e - 007  - 1.386e - 007   9.340e - 009   1.106e+005  1.106e+005  - 9.401e+004 - 1.699e - 007   9.401e+004   0.906 resis      

 

Consider now the forces acting on web bolt layouts. The torque computed by CSE 

(equal to -5.9864x107Nmm) is distributed in two check sections, loaded with the half of that 

moment. Internal force on each bolt depends on the distance from each bolt to the centre, 

considering an elastic distribution. 

d
J

M
T

p

t
b Ö=

2/
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Figure B-22 

 

Jp is bolt layout polar inertia moment; with the distances printed in next figure, we have:  

Jp = 4 * 56.62 + 2 * 24.52 = 1.401*104mm2 

 

Figure B-23 

 

Shear is equal to: 

Nmm
mm
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Tb

4

24
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10401.1
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Nmm
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Ö

Ö
=  for external bolts 

 

These forces are the same computed by CSE: 

 

--------------------------------------------------------------  

Internal actions in bolts at different planes, exploitations  

------------ --------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B5   1   1  - 5.545e - 021  - 5.545e - 021   1.090e+ 005  - 5.236e+004  1.209e+005   - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     

    1     1    B5   1   2   6.050e - 021   6.050e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

    1     1    B5   2   1   - 5.545e - 021  - 5.545e - 021   1.090e+005   5.236e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     

    1     1    B5   2   2   6.050e - 021   6.050e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990            

    1     1    B5   3   1  - 5.545e - 021  - 5.545e - 021  - 1.437e - 006  - 5.236e+004  5.236e+004   - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.429  resis     

    1     1    B5   3   2   6.050e - 021   6.050e - 021   1.437e - 006   5.236e+004  5.236e+004  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.429           

    1     1    B5   4   1  - 5.545e - 021  - 5.545e - 021  - 1.437e - 006   5.236e+004  5.236e+004  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.429           

    1     1    B5   4   2   6.050e - 021   6.050e - 021   1.437e - 006  - 5.236e+004  5.236e+004  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.429 resis     

    1     1    B5   5   1  - 5.545e - 021  - 5.545e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 resis     
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    1     1    B5   5   2   6.050e - 021   6.050e - 021   1.090e+005   5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

    1     1    B5   6   1  - 5.545e - 021  - 5.545e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 4.845e - 005 - 3.593e - 007   4.845e - 005   0.990 r esis     

    1     1    B5   6   2   6.050e - 021   6.050e - 021   1.090e+005  - 5.236e+004  1.209e+005  - 3.710e - 005 - 3.593e - 007   3.710e - 005   0.990           

 

    1     1    B6   1   1  - 7.236e - 021  - 7.236e - 021   1.090e+005  - 5.236e+004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   1   2   6.991e - 021   6.991e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

    1     1    B6   2   1  - 7.236e - 021  - 7.236e - 021   1.090e+005    5.236e+004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   2   2   6.991e - 021   6.991e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

    1     1    B6   3   1  - 7.236e - 021  - 7.236e - 021  - 1.437e - 006  - 5.236e+004  5.236e+004  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.429 resis     

    1     1    B6   3   2   6.991e - 021   6.991e - 021   1.437e - 006   5.236e+004  5.236e+004  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.429           

    1     1    B6   4   1  - 7.236e - 021  - 7.236e - 021  - 1.437e - 006   5.236e+004  5.236e+004  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.429           

    1     1    B6   4   2   6.991e - 021   6.991e - 021   1.437e - 006  - 5.236e+004  5.236e+004  - 1.022e - 004  - 3.593e - 007   1.022e - 004   0.429 resis     

    1     1    B6   5   1  - 7.236e - 021  - 7.236e - 021  - 1.090e+005  - 5.236e+004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   5   2   6.991e - 021   6.991e - 021   1.090e+005   5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

    1     1    B6   6   1  - 7.236e - 021  - 7.236e - 021  - 1.090e+005   5.236e+004  1.209e+005  - 8.744e - 005 - 3.593e - 007   8.744e - 005   0.990 resis     

    1     1    B6   6   2   6. 991e - 021   6.991e - 021   1.090e+005  - 5.236e+004  1.209e+005  - 1.022e - 004 - 3.593e - 007   1.022e - 004   0.990           

 

Consider, for example, bolt number 3 of layout B5. Its utilization factor is 

5.234*104N/1.221*105N=0.429, as computed by CSE. 

Now consider bolt bearing. The check according to EN1993-1-8 is given by the 

following formula. 

 

 

Figure B-24 Abstract from EN 1993 -1-8: 2005: design resistance for bolt bearing  

 

Distances e1, e2, p1 and p2 are defined in the following schemes. 
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Figure B-25 Abstract from EN 1993 -1-8: 2005: distances e1, e2, p1, p2 

 

NOTE WELL: bolts are classified inner or end/edge according to their position depending 

on load direction (parallel to one of the sides). If a force is not parallel to any side, it must 

be divided in its parallel and normal components. 

The Standard states to apply the check in the two directions separately. This does not 

seem on the safe side, so CSE gives an utilization factor equal to the square root of the 

sum of the square of the two partial utilizations. 

In addition, the Standard does not consider situations with different plate shapes, with 

non-parallel edges (for example circular plates, see next figure), of members cut with an 

inclined plate, etc. To be always on the safe side, CSE uses minimum distance from the 

edge of each drilled object. 

 

Figure B-26 

 

Bolt bearing check requires a long computation for each bolt. Letôs consider just one 

bolt and validate it accurately. For example, we can choose one of most loaded bolts (for 

web layout they are upper and lower bolts) and considering the effect on memberôs web. 
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The force applied by the bolts to the web is the reaction to the torque in bolt layout 

central section. In this symmetrical case, forces on web are twice the forces in bolts check 

sections; they are: 

Nmm
mm

Nmm
d

J

M
F

p

t
x

5

24

7

10179.251
10401.1

105.986
³=³

³

³
=³=  

Nmm
mm

Nmm
d

J

M
F

p

t
y

5

24

7

10047.15.24
10401.1

105.986
³=³

³

³
=³=  

 

According to the formulae in Figure B-25, next table contains the data for bolt bearing 

resistance in the two directions; distances are given in next figure. 

 

Figure B-27 Web bolt layout: distances between bolts and from edges  

 

Fx 2,179E+05 Fy 1,047E+05 

Fb,Rd,x 6,043E+04 Fb,Rd,y 5,919E+04 

k1 1,87 k1 1,73 

2,8e2/d0-1,7 5,23 2,8e2/d0-1,7 5,23 

1,4p2/d0-1,7 1,87 1,4p2/d0-1,7 1,73 

 
2,5 

 
2,5 

ab 0,566666667 ab 0,600 

ad 0,825 ad 0,825 

fub/fu 2,78 fub/fu 2,78 

p1/3d0-0,25 0,57 p1/3d0-0,25 0,60 

 
1 

 
1 

fu 360 fu 360 

d 18 d 18 

d0 20 d0 20 

t 11 t 11 

e1=min(e1,e2) 49,5 e1=min(e1,e2) 49,5 

e2=min(e1,e2) 49,5 e2=min(e1,e2) 49,5 

p1 49 p1 51 
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p2 51 p2 49 

expl x 3,606 expl y 1,769 

    

 
EXPL= 4,017 

 To be on the safe side, e1 and e2 are assumed equal to minimum between e1 and e2 

 

Letôs compute Fb,Rd,x and Fb,Rd,y step by step, and then the utilization factor. 
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60.0== db aa  
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Total utilization is: 

017.4explexplexpl 2

y

2

x =+=  

 

Maximum value computed by CSE is the same, because we have chosen the most 

loaded bolt. A complete check by hand would require the previous computations for each 

bolt of the web and for each bolt of the flanges, considering applied forces, distances 

between bolts and distances from edges every time different. 

 

------------------------------------------------------------------  

Members whose maximum utilization ratio is due to bearing stresses  

----------------------------- -------------------------------------  

 

 Inst Combi  Name   Boltlay   Bolt   Extr.        Sigma      Sigma M    Expl  

                                               (  N/ mm²)      (  N/ mm²)  

 

    1     1    m1      B5       1        2        1221.4        30 4.0   4.018 !!!  

    1     1    m2      B6       2       2        1221.4        304.0   4.018 !!!  

 

NOTE WELL: Sigma M (max) value printed in the listing is computed dividing 

utilization factor by sigma: the value is referred to current force direction. If force direction 

changes, limit value changes as well. 

Here we have a very high utilization, but the scope is to validate CSE  results, not to 

design a proper joint. 
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Figure B-28 Utilization of the components according to EN 1993 -1-8: 2005 

 

B.2.1.2.2 How bolt layout stiffness rules forces distribution  

The translational stiffness of a bolt layout is proportional to: 

¶ Bolts number (nb) 

¶ Bolts radius raised to the 4th power (rb
4) 

It is inversely proportional to: 

¶ Cubed bolts net length (l) 

 

The flexibility index will be introduced in part C: this index can be used to modify the 

translational stiffness of a layout. Here the stiffness is modified by changing bolts diameter 

or number. 

Some modifications have been done to the original model, in order to see how CSE 

computes, in different conditions, he distribution of forces flanges bolt layouts (Vf). Total 

applied moment (Mtot) is compared to the part carried by flanges bolt layout (Mf): 

Mf / Mtot 

Mf is equal to: 
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Mf = 2 * Vf * h/2 = 2 * Vf * 150 = Vf  * 300 

where Vf is the shear carried by flanges bolt layout, as computed by CSE, h/2 is the lever 

arm of the shear (half of the height of HEB300 shape) and 2 is the number of layouts on 

the flanges (upper and lower). 

 

1) Modification of bolts number on flanges; web bolt layouts not modified (models: 

Validation_SP_1_1_001.CSE Ą Validation_SP_1_1_006.CSE) 

 

Web bolt layouts are unchanged. On the flanges, starting from original configuration 

(7 rows / 2 columns) we remove a row (6 rows), and so on until last condition (2 rows). 

These are the results according to shears computed by CSE in flanges bolt layouts (with 

two rows only, the 69% of applied load is carried by the flanges). 
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2) Modification of bolts diameter on flanges; web bolt layouts not modified 
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Starting from original model, we reduce flange bolts diameter: M18, M16, M14, M12, 

M10, M8. When bolts diameter decreases, the load carried by the flanges decreases too. 

With M8 bolts, flanges carry only the 39% of the applied load. 
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3) Modification of bolts diameter on web; flanges bolt layouts not modified 

 

In this case, we reduce web bolts diameter: the load carried by the flanges increases. 

Using M8 bolts on the web, quite the total load (97%) is carried by the flanges, since web 

bolt layout stiffness is reduced. 
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These results show that forces distribution computed by CSE does not depend on 

cross-section geometry only, but it depends also on bolt layouts stiffness ratio. 

 

Figure B-29 Dialog box: bolt layout modification  
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Figure B-30 Dialog box: bolts diameter modification  

 

B.2.1.3 Shear parallel to the web  

Constraints and loads were modified in a copy of the model used previously, in order 

to have only a shear parallel to web in joint node (new model name 

Validation_SP_1_2.CSE). Shear value is the plastic limit of the member with overstrength 

factor 1.2: 

N
fA

VV
yv

RDplRD 772221
3

2.1, =Ö=Ö=g  

with fy = 235N/mm2 and 

( ) 2474322 mmtrtbtAA fwfv =Ö++-=  

3D real joint has the same geometry and properties of the one shown in B.2.1. In 

CSE computation, the almost the whole load is carried by web bolt layout. 

 

------- -------------------------------------------------------------  
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Forces acting over bolt layouts at different extremes, global system  

--------------------------------------------------------------------  

 

Id      Inst  Combi  Ext      Fx           Fy           Fz           Mx           My           Mz  

 

   B3     1     1     1  1.8062e - 006 - 3.4619e - 004  1.4133e+001  2.8267e+003 - 1.5149e - 005 - 3.6124e - 004  

   B3     1     1     2 - 1.8062e - 006  3.4619e - 004 - 1.4133e+001 - 2.8267e+003 - 2.0072e - 005  3.6124e - 004  

   B1     1     1     1  1.8062e - 006  3.4629e - 004 - 1.4133e+001 - 2.8267e+003 - 1.5149e - 005 - 3.6124e - 004  

   B1     1     1     2 - 1.8062e - 006 - 3.4629e - 004  1.4133e+001  2.8267e+003 - 2.0072e - 005  3.6124e - 004  

   B2     1     1     1 - 1.8062e - 006  3.4619e - 004 - 1.4134e+0 01  2.8267e+003  1.5149e - 005 - 3.6124e - 004  

   B2     1     1     2  1.8062e - 006 - 3.4619e - 004  1.4134e+001 - 2.8267e+003  2.0072e - 005  3.6124e - 004  

   B4     1     1     1 - 1.8062e - 006 - 3.4629e - 004  1.4134e+001 - 2.8267e+003  1.5149e - 005 - 3.6124e - 004  

   B4     1     1     2  1.8062e - 006  3.4629e - 004 - 1.4134e+001  2.8267e+003  2.0072e - 005  3.6124e - 004  

   B5     1     1     1  4.7923e - 008 - 3.8610e+005 - 2.4005e - 011 - 2.2201e+006 - 2.7556e - 007 - 2.8571e+007  

   B5     1     1     2 - 9.5845e - 008  7.7219e+005   4.8009e - 011  - 2.1144e - 005  2.1165e - 017  5.7142e+007  

   B5     1     1     3  4.7923e - 008 - 3.8610e+005 - 2.4005e - 011  2.2201e+006  2.7556e - 007 - 2.8571e+007  

   B6     1     1     1  4.7923e - 008  3.8610e+005 - 2.3641e - 011  2.2201e+006 - 2.7556e - 007  2.8571e+007  

   B6     1     1     2 - 9.5845e - 008 - 7.7219e+005   4.7282e - 011  5.4767e - 004 - 2.1861e - 017 - 5.7142e+007  

   B6     1     1     3  4.7923e - 008  3.8610e+005 - 2.3641e - 011 - 2.2201e+006  2.7556e - 007  2.8571e+007  

 

Shear carried by web bolt layouts (B5 and B6, section number 2, the central one) is 

772190N; total load is 772221N. A very small part is carried by flanges bolt layout (via a 

bending moment in bolts shafts, as we will see later). Note well: all bolts layouts in this 

model are ñshear onlyò. 

 

The shear applied to member extreme produces an equal shear applied to bolt layout 

centre. In addition, there is a moment of transport equal to: 

Mô = T * b = 772190N * 74mm = 5.714*107Nmm. 

 

 

Figure B-31 

 

Shear force acting on each bolt is the sum of two components: 

1. total shear divided by bolts number (V/6) 

2. shear due to torque (Mô) on the layout 
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For the second components, force in the bolts depends on their distance from the 

centre. First contribution is shown on the left in next figure; in the middle there is the 

second contribution, on the right the sum of them. 

 

Figure B-32 

 

Resulting shear force is higher on bolts were the components have the same 

direction. Now we are going to compute those values, and then weôll compare them with 

CSE values. The following formula defines the resultant force on each bolt: 

2
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,,, xiMyiMiV
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VVV
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=  

where 

Ri is the resultant force on each bolt. 

VV,i is the force due to total shear divided by bolts number: VV,i=V/6=1.287e+05N 

VM,i is the component due to moment of transport Mô (it is divided into x-direction and y-

direction forces). 

 

Polar inertia moment of the layout is equal to 

Jp = 4 * 56.62 + 2 * 24.52 = 1.401*104mm2 

According to distances shown in Figure B-27, we have: 
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For central bolts (d=24.5mm) VMi,x is null and VMi,y is 9.993e+04N. Last value must be 

added to V/6 on one bolt and subtracted from the other. Since we have two different check 

sections, resultant forces must be divided by 2. It results: 

(V/6 + VMi,y) / 2 = (1.287*105N + 9.9927*104N) / 2 = 1.143*105N 

(V/6 - VMi,y) / 2 = (1.287*105N ï 9.9927*104N) / 2 = 1.439*104N 

For the other bolts (dx=24.5mm, dy=51mm) VMi,x is equal to 2.080e+05N; VMi,y has 

the same values computed for central bolts. This must be added or subtracted to V/6, 

depending on bolt position. Considering two check sections, we have: 

( ) ( ) NNNNVVV ixMyMi

552452

,

2

, 10545.110080.210993.910287.1
2

1
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2

1
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or ( ) ( ) NNNNVVV ixMyMi
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,

2
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2

1
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2

1
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CSE computes the same values: 

--------------------------------------------------------------  

Internal actions in bolts at different planes, exploitations  

--------------------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B5   1   1  - 4.001e - 012  - 4.001e - 012  - 1.040e+005  - 1.437e+004  1.050e+005   1.609e+004  1.997e - 009   1.609e+004   0.860 resis     

    1     1    B5   1   2   4.001e - 012   4.001e - 012   1.040e+005   1.437e+004  1.050e+005   1.609e+004  1.997e - 009   1.609e+004   0.860           

    1     1    B5   2   1  - 4.001e - 012  - 4.001e - 012  - 1.040e+005  - 1.143e+005  1.546e+005   1.609e+004  1.9 97e - 009   1.609e+004   1.266 resis ***  

    1     1    B5   2   2   4.001e - 012   4.001e - 012   1.040e+005   1.143e+005  1.546e+005   1.609e+004  1.997e - 009   1.609e+004   1.266       ***  

    1     1    B5   3   1  - 4.001e - 012  - 4.001e - 012   7.987e - 009  - 1.43 7e+004  1.437e+004   1.609e+004  1.997e - 009   1.609e+004   0.118           

    1     1    B5   3   2   4.001e - 012   4.001e - 012  - 7.987e - 009   1.437e+004  1.437e+004   1.609e+004  1.997e - 009   1.609e+004   0.118 resis     

    1     1    B5   4   1  - 4.001e - 012  - 4.001e - 012   7.987e - 009  - 1.143e+005  1.143e+005   1.609e+004  1.997e - 009   1.609e+004   0.936           

    1     1    B5   4   2   4.001e - 012   4.001e - 012  - 7.987e - 009   1.143e+005  1.143e+005   1.609e+004  1.997e - 009   1.609e+004   0.936 resis     

    1     1    B5   5   1  - 4.001e - 012  - 4.001e - 012   1.040e+005  - 1.437e+004  1.050e+005   1.609e+004  1.997e - 009   1.609e+004   0.860 resis     

    1     1    B5   5   2   4.001e - 012   4.001e - 012  - 1.040e+005   1.437e+004  1.050e+005   1.609e+004  1.997 e- 009   1.609e+004   0.860           

    1     1    B5   6   1  - 4.001e - 012  - 4.001e - 012   1.040e+005  - 1.143e+005  1.546e+005   1.609e+004  1.997e - 009   1.609e+004   1.266 resis ***  

    1     1    B5   6   2   4.001e - 012   4.001e - 012  - 1.040e+005   1.143e +005  1.546e+005   1.609e+004  1.997e - 009   1.609e+004   1.266       ***  

 

    1     1    B6   1   1  - 3.940e - 012  - 3.940e - 012   1.040e+005   1.437e+004  1.050e+005   - 1.609e+004  1.997e - 009   1.609e+004   0.860           

    1     1    B6   1   2   3.940e - 012   3.940e - 012  - 1.040e+005  - 1.437e+004  1.050e+005  - 1.609e+004  1.997e - 009   1.609e+004   0.860 resis     

    1     1    B6   2   1  - 3.940e - 012  - 3.940e - 012   1.040e+005   1.143e+005  1.546e+005   - 1.609e+004  1.997e - 009   1.609e+004   1.266 resis ***  

    1     1    B6   2   2   3.940e - 012   3.940e - 012  - 1.040e+005  - 1.143e+005  1.546e+005  - 1.609e+004  1.997e - 009   1.609e+004   1.266       ***  

    1     1    B6   3   1  - 3.940e - 012  - 3.940e - 012   7.987e - 009   1.437e+004  1.437e+004   - 1.609e+004  1.997e - 009   1.609e+004   0.118 resis     

    1     1    B6   3   2   3.940e - 012   3.940e - 012  - 7.987e - 009  - 1.437e+004  1.437e+004  - 1.609e+004  1.997e - 009   1.609e+004   0.118           

    1     1    B6   4   1  - 3.940e - 012  - 3.940e - 012   7.987e - 009   1.143e+ 005  1.143e+005   - 1.609e+004  1.997e - 009   1.609e+004   0.936 resis     

    1     1    B6   4   2   3.940e - 012   3.940e - 012  - 7.987e - 009  - 1.143e+005  1.143e+005  - 1.609e+004  1.997e - 009   1.609e+004   0.936           

    1     1    B6   5   1  - 3.940e - 012   - 3.940e - 012  - 1.040e+005   1.437e+004  1.050e+005   - 1.609e+004  1.997e - 009   1.609e+004   0.860           

    1     1    B6   5   2   3.940e - 012   3.940e - 012   1.040e+005  - 1.437e+004  1.050e+005  - 1.609e+004  1.997e - 009   1.609e+004   0.860 resis     

    1     1    B6   6   1  - 3.940e - 012  - 3.940e - 012  - 1.040e+005   1.143e+005  1.546e+005   - 1.609e+004  1.997e - 009   1.609e+004   1.266 resis ***  

    1     1    B6   6   2   3.940e - 012   3.940e - 012   1.040e+005  - 1.143e+005  1.546e+005  - 1.609e+004  1.997e - 009   1.609e+004   1.266       ***  

 

NOTE WELL: CSE computes also bending in bolts shaft, but here we have excluded 

the from the checks (this choice is up to the user). 

 

Utilization of bolts belonging to layouts B1, B2, B3 and B4 are null, since they carry 

no loads. 

--------------------------------------------------------------  

Internal actions in bolts at different planes, exploitations  

--------------------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B3   1   1   1.010e+000   1.010e+000  - 8.165e - 008  - 2.460e - 005  2.460e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000  resis     

    1     1    B3   2   1   1.010e+000   1.010e+000  - 8.165e - 008  - 2.486e - 005  2.486e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     
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    1     1    B3   3   1   1.010e+000   1.010e+000  - 1.143e - 008  - 2.460e - 005  2.460e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3   4   1   1.010e+000   1.010e+000  - 1.143e - 008  - 2.486e - 005  2.486e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3   5   1   1.010e+000   1.010e+000   5.879e - 008  - 2.460e - 005  2.460e - 005   2.019e+0 02  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3   6   1   1.010e+000   1.010e+000   5.879e - 008  - 2.486e - 005  2.486e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3   7   1   1.010e+000   1.010e+000   1.290e - 007  - 2.460e - 005  2.460e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3   8   1   1.010e+000   1.010e+000   1.290e - 007  - 2.486e - 005  2.486e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3   9   1   1.010e+000   1.010e+000   1.992e - 007  - 2.460e - 005  2.460e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3  10   1   1.010e+000   1.010e+000   1.992e - 007  - 2.486e - 005  2.486e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 re sis     

    1     1    B3  11   1   1.010e+000   1.010e+000   2.695e - 007  - 2.460e - 005  2.460e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3  12   1   1.010e+000   1.010e+000   2.695e - 007  - 2.486e - 005  2.486e - 005   2.019e+002   2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3  13   1   1.010e+000   1.010e+000   3.397e - 007  - 2.460e - 005  2.460e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B3  14   1   1.010e+000   1.010e+000   3.397e - 007  - 2.486e - 005  2.486e - 005   2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

 

    1     1    B1   1   1  - 1.010e+000  - 1.010e+000  - 8.165e - 008   2.486e - 005  2.486e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   2   1  - 1.010e+000  - 1.010e+000  - 8.165e - 008   2.461e - 005  2.461e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   3   1  - 1.010e+000  - 1.010e+000  - 1.143e - 008   2.486e - 005  2.486e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 res is     

    1     1    B1   4   1  - 1.010e+000  - 1.010e+000  - 1.143e - 008   2.461e - 005  2.461e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   5   1  - 1.010e+000  - 1.010e+000   5.879e - 008   2.486e - 005  2.486e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   6   1  - 1.010e+000  - 1.010e+000   5.879e - 008   2.461e - 005  2.461e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   7   1  - 1.010e+000  - 1.010e+000   1.290e - 007   2.486e - 005  2.486e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   8   1  - 1.010e+000  - 1.010e+000   1.290e - 007   2.461e - 005  2.461e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1   9   1  - 1.0 10e+000  - 1.010e+000   1.992e - 007   2.486e - 005  2.486e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1  10   1  - 1.010e+000  - 1.010e+000   1.992e - 007   2.461e - 005  2.461e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis      

    1     1    B1  11   1  - 1.010e+000  - 1.010e+000   2.695e - 007   2.486e - 005  2.486e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1  12   1  - 1.010e+000  - 1.010e+000   2.695e - 007   2.461e - 005  2.461e - 005  - 2.019e+002  2 .081e - 007   2.019e+002   0.000 resis     

    1     1    B1  13   1  - 1.010e+000  - 1.010e+000   3.397e - 007   2.486e - 005  2.487e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

    1     1    B1  14   1  - 1.010e+000  - 1.010e+000   3.397e - 007   2. 461e - 005  2.461e - 005  - 2.019e+002  2.081e - 007   2.019e+002   0.000 resis     

 

    1     1    B2   1   1  - 1.010e+000  - 1.010e+000  - 3.397e - 007   2.486e - 005  2.486e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   2   1  - 1.01 0e+000  - 1.010e+000  - 3.397e - 007   2.460e - 005  2.460e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   3   1  - 1.010e+000  - 1.010e+000  - 2.695e - 007   2.486e - 005  2.486e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   4   1  - 1.010e+000  - 1.010e+000  - 2.695e - 007   2.460e - 005  2.460e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   5   1  - 1.010e+000  - 1.010e+000  - 1.992e - 007   2.486e - 005  2.486e - 005   2.019e+002 - 2. 081e - 007   2.019e+002   0.000 resis     

    1     1    B2   6   1  - 1.010e+000  - 1.010e+000  - 1.992e - 007   2.460e - 005  2.460e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   7   1  - 1.010e+000  - 1.010e+000  - 1.290e - 007   2.4 86e - 005  2.486e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   8   1  - 1.010e+000  - 1.010e+000  - 1.290e - 007   2.460e - 005  2.460e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2   9   1  - 1.010e +000  - 1.010e+000  - 5.879e - 008   2.486e - 005  2.486e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2  10   1  - 1.010e+000  - 1.010e+000  - 5.879e - 008   2.460e - 005  2.460e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2  11   1  - 1.010e+000  - 1.010e+000   1.143e - 008   2.486e - 005  2.486e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2  12   1  - 1.010e+000  - 1.010e+000   1.143e - 008   2.460e - 005  2.460e - 005   2.019e+002 - 2.08 1e- 007   2.019e+002   0.000 resis     

    1     1    B2  13   1  - 1.010e+000  - 1.010e+000   8.165e - 008   2.486e - 005  2.486e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B2  14   1  - 1.010e+000  - 1.010e+000   8.165e - 008   2.460 e- 005  2.460e - 005   2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

 

    1     1    B4   1   1   1.010e+000   1.010e+000  - 3.397e - 007  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   2   1   1.010e+ 000   1.010e+000  - 3.397e - 007  - 2.486e - 005  2.487e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   3   1   1.010e+000   1.010e+000  - 2.695e - 007  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   4   1   1.010e+000   1.010e+000  - 2.695e - 007  - 2.486e - 005  2.486e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   5   1   1.010e+000   1.010e+000  - 1.992e - 007  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081 e- 007   2.019e+002   0.000 resis     

    1     1    B4   6   1   1.010e+000   1.010e+000  - 1.992e - 007  - 2.486e - 005  2.486e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   7   1   1.010e+000   1.010e+000  - 1.290e - 007  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   8   1   1.010e+000   1.010e+000  - 1.290e - 007  - 2.486e - 005  2.486e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4   9   1   1.010e+00 0   1.010e+000  - 5.879e - 008  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4  10   1   1.010e+000   1.010e+000  - 5.879e - 008  - 2.486e - 005  2.486e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4  11   1   1.010e+000   1.010e+000   1.143e - 008  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4  12   1   1.010e+000   1.010e+000   1.143e - 008  - 2.486e - 005  2.486e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4  13   1   1.010e+000   1.010e+000   8.165e - 008  - 2.461e - 005  2.461e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis     

    1     1    B4  14   1   1.010e+000   1.010e+000   8.165e - 008  - 2.486e - 005  2.486e - 005  - 2.019e+002 - 2.081e - 007   2.019e+002   0.000 resis  

 

Letôs choose a bolt of layout B6, for example bolt 6, and compute its utilization. 

R6 / FV,Rd = 1.546*105N / 1.221*105N = 1.266 

CSE computes the same value (FV,Rd was computed in B.2.1.2) 

--------------------------------------------------------------  

Internal actions in bolts at different planes, exploitations  

--------------------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B6   6   1  - 3.940e - 012  - 3.940e - 012  - 1.040e+005   1.143e+005  1.546e+005   - 1.609e+004  1.997e - 009   1.609e+004   1.266  resis ***  

    1     1    B6   6   2   3.940e - 012   3.940e - 012   1.040e+005  - 1.143e+005  1.546e+005  - 1.609e+004  1.997e - 009   1.609e+004   1.266       ***  

 

Now we are going to validate bolt bearing on the members (one of them, since they are I 

the same condition). Flanges bolts are not loaded; letôs consider web bolts (choosing most 

loaded bolt). Force acting on member is twice the internal force in bolts check sections. 

Considering bolt 6 of layout B6, we have the following forces on member: 

Fx= VMi,x = 2.080*105N 

Fy= V/6 + VMi,y = 1.287*105N + 9.993*104N = 2.286*105N 
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According to EN1993-1-8:2005, we have (see formulae in the appendix, Figure D-4): 

Bolt bearing  (B5 bolt 6)   

 
  

  Fx 2,080E+05 Fy 2,286E+05 

Fb,Rd,x 6,043E+04 Fb,Rd,y 5,919E+04 

k1 1,87 k1 1,73 

2,8e2/d0-1,7 5,23 2,8e2/d0-1,7 5,23 

1,4p2/d0-1,7 1,87 1,4p2/d0-1,7 1,73 

 
2,5 

 
2,5 

ab 0,566666667 ab 0,600 

ad 0,825 ad 0,825 

fub/fu 2,78 fub/fu 2,78 

p1/3d0-0,25 0,57 p1/3d0-0,25 0,60 

 
1 

 
1 

fu 360 fu 360 

d 18 d 18 

d0 20 d0 20 

t 11 t 11 

e1=min(e1,e2) 49,5 e1 49,5 

e2=min(e1,e2) 49,5 e2 49,5 

p1 49 p1 51 

p2 51 p2 49 

expl x 3,442 expl y 3,863 

    

 
EXPL= 5,174 

 To be on the safe side, e1 and e2 are assumed equal to minimum between e1 and e2 

.1745explexplexpl 2

y

2

x =+=  

Note well: see B.2.1.2.1 for a detailed step-by-step computation of design resistance 

forces and utilization factors. 

 

We have chose the most loaded bolt to compute the utilization (exploitation), but, as 

we can see in the following abstract, CSE computes a higher utilization, caused by another 

bolt: 

------------------------------------------------------------------  

Members whose maximum utilization ratio is due to bearing stresses  

----------------------------------------------------------- -------  

 

 Inst Combi  Name   Boltlay   Bolt   Extr.        Sigma      Sigma M    Expl  

                                               (  N/ mm²)      (  N/ mm²)  

 

    1     1    m1      B5       6        2        1561.4        301.7   5.175  !!!  

    1     1    m2      B6       2       2        1561.4        301 .7   5.175  !!!  
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Figure B-33 Components utilization envelope  

 

B.2.1.4 Axial force  

Now letôs check previous joint behaviour under axial force (model name: 

Validation_SP_1_3.CSE). Consider plastic limit of the member, with an overstrength factor 

equal to 1.2. The force applied to imported Fem model is: 

Npl=Asez*fy*gRD=14908*235*1.2=4204056N 

In the current model we have 34 bolts (M18, class 10.9). We can compute the minimum 

number of bolts needed to carry the applied force: 

nmin*Ab*fyb=Npl  Ą  nmin =Npl/Ab/fyb=31.83   Ą   32 bolts needed 

This is the minimum number of bolts needed to carry the loads, but it is not 

guaranteed that 32 bolts are able to do that: it depends also on the distribution of the 

appliad load on flanges and web bolt layouts. 

 

Flanges area is Af=2*b*tf=11400mm: the part of total plastic axial force carried by 

flanges only is 3214800N, considering also the overstrength factor. 24.31 (Ą 25) bolts 

would be enough, and we have 28 bolts on flanges. Just with this simplified computation, it 

seems that web bolts would not be able to carry the load. Web area is Aw=A-Af. It could be 

able to carry a part of total axial force equal to 989256N (including overstrength). Needed 

bolts are 7.48 Ą 8, but we have 6 bolts only. 
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As previously said, it this not guaranteed that total axial force will be distributed on 

web and flanges bolt layouts proportionally to web and flanges area. Assuming that 

distribution, we would need to add bolts on the web. Letôs see what happens with current 

geometry. Note well: in part C we will see how to drive forces distribution in different 

layouts (flexibility index). The most important aspect is that, even changing layouts 

stiffness, and subsequently forces distribution) CSE always guarantees the equilibrium of 

the forces. For current model, CSE computes the following distribution. 

--------------------------------------------------------------------  

Forces acting over bolt layouts at differ ent extremes, global system  

--------------------------------------------------------------------  

 

Id      Inst  Combi  Ext      Fx           Fy           Fz           Mx           My           Mz  

 

   B3     1     1     1 - 1.6007e - 010  1.0819e+006   2.7009e - 010  1.0548e+007  1.5606e - 009 - 6.0132e - 006  

   B3     1     1     2  1.6007e - 010 - 1.0819e+006 - 2.7009e - 010  1.0548e+007  1.5606e - 009  6.0132e - 006  

   B1     1     1     1  1.4908e - 010  1.0819e+006  2.6322e - 010  1.0548e+007 - 1.4536e - 009  6.0132e - 006  

   B1     1     1     2 - 1.4908e - 010 - 1.0819e+006 - 2.6322e - 010  1.0548e+007 - 1.4536e - 009 - 6.0132e - 006  

   B2     1     1     1  1.4908e - 010 - 1.0819e+006 - 2.6516e - 010 - 1.0548e+007 - 1.4536e - 009  6.0420e - 006  

   B2     1     1     2 - 1.4908e - 010  1.0819e+006  2.6516e - 010 - 1.0548e+007 - 1.4536e - 009 - 6.0420e - 006  

   B4     1     1     1 - 1.4908e - 010 - 1.0819e+006 - 2.5828e - 010 - 1.0548e+007  1.4536e - 009 - 6.0420e - 006  

   B4     1     1     2  1.4908e - 010  1.0819e+006  2.5828e - 010 - 1.0548e+007  1.4536e - 009  6.0420e - 006  

   B5     1      1     1  1.0202e+006 - 9.3910e - 008 - 4.3837e - 010 - 5.3998e - 007 - 5.8659e+006 - 4.1364e - 005  

   B5     1     1     2 - 2.0403e+006   1.8782e - 007  2.3006e - 010  1.6357e - 016 - 1.2120e - 005  8.2728e - 005  

   B5     1     1     3  1.0202e+006 - 9.3910e - 008  2.0831e - 010  5.3998e - 007  5.8659e+006 - 4.1363e - 005  

   B6     1     1     1  1.0202e+006  9.3910e - 008  2.0814e - 010  5.3998e - 007 - 5.8659e+006 - 2.7465e - 005  

   B6     1     1     2 - 2.0403e+006 - 1.8782e - 007  2.3036e - 010  6.4694e - 016 - 1.2047e - 005  5.4930e - 005  

   B6     1     1     3  1.0202e+006  9.3910e - 008 - 4.3850e - 010 - 5.3998e - 007  5.8659e+006 - 2.7465e - 005  

 

The load carried by flanges bolt layouts is 2*1.0819*106N=2.1638*106N (two flanges); 

the load carried by the web bolt layout is 2.0403*106N (force sign depends on layout 

reference system). Web carries a higher load than the one computed considering areas 

ratios, because bolt layouts stiffness depends from bolts net length. On the web we have 

two cover plates, on the flanges there is a cover plate only, so web layout is more stiff. It is 

clear that previously computed minimum bolts number for bolts is not enough. 

 

Divide total flanges layout force by bolts number to find the force on each bolt: 

2.1638*106N / 28 = 7.728*104N 

Now divide half1 of web layout force by bolts number to find the force on each bolt: 

2.0403*106N / 6 /2 = 1.700*105N 

Dividing the force on each bolt by design resistance FV,Rd (previously computed in B.2.1.2), 

we get the following utilization factors: 

flanges:  7.728*104N / 1.221*105N = 0.633  < 1 

web:       1.700*105N / 1.221*105N = 1.392  > 1 

                                            

1 Since we have two check sections, each one carries half of the load, as previously said. 
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CSE computes the same values. 

--------------------------------------------------------------  

Internal actions in bolts at different planes, exploitations  

--------------------------------- -----------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B3   1   1   1.929e - 011   1.929e - 011  - 3.518e - 009   7.728e+004  7.7 28e+004   - 1.932e+004 - 2.858e - 012   1.932e+004   0.633  resis     

    1     1    B3   2   1   1.929e - 011   1.929e - 011  - 3.518e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3   3   1   1.929e - 011   1.929 e- 011  - 2.349e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3   4   1   1.929e - 011   1.929e - 011  - 2.349e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3   5   1   1.929e - 011   1.929e - 011  - 1.180e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3   6   1   1.929e - 011   1.929e - 011  - 1.180e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.9 32e+004   0.633 resis     

    1     1    B3   7   1   1.929e - 011   1.929e - 011  - 1.143e - 011   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3   8   1   1.929e - 011   1.929e - 011  - 1.143e - 011   7.728e+004  7.728 e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3   9   1   1.929e - 011   1.929e - 011   1.157e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3  10   1   1.929e - 011   1.929e - 011   1.157e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3  11   1   1.929e - 011   1.929e - 011   2.326e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3  12   1   1.929e - 011   1.929e - 011   2.326e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

    1     1    B3  13   1   1.929e - 011   1.929e - 011   3.495e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932 e+004   0.633 resis     

    1     1    B3  14   1   1.929e - 011   1.929e - 011   3.495e - 009   7.728e+004  7.728e+004  - 1.932e+004 - 2.858e - 012   1.932e+004   0.633 resis     

 

    1     1    B1   1   1   1.880e - 011   1.880e - 011   3.517e - 009   7.728e+004  7.728e +004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   2   1   1.880e - 011   1.880e - 011   3.517e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   3   1   1.880e - 011   1.880e - 011   2.348e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   4   1   1.880e - 011   1.880e - 011   2.348e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   5   1   1.880e - 011   1.880e - 011   1.180e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   6   1   1.880e - 011   1.880e - 011   1.180e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e +004   0.633 resis     

    1     1    B1   7   1   1.880e - 011   1.880e - 011   1.065e - 011   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   8   1   1.880e - 011   1.880e - 011   1.065e - 011   7.728e+004  7.728e+0 04  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1   9   1   1.880e - 011   1.880e - 011  - 1.158e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1  10   1   1.880e - 011   1.880e - 011   - 1.158e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1  11   1   1.880e - 011   1.880e - 011  - 2.327e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1  12   1   1.880e - 011   1.880e - 011  - 2.327e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B1  13   1   1.880e - 011   1.880e - 011  - 3.496e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+0 04   0.633 resis     

    1     1    B1  14   1   1.880e - 011   1.880e - 011  - 3.496e - 009   7.728e+004  7.728e+004  - 1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

 

    1     1    B2   1   1  - 1.894e - 011  - 1.894e - 011   3.534e - 009  - 7.728e+004  7.728e+00 4   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2   2   1  - 1.894e - 011  - 1.894e - 011   3.534e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2   3   1  - 1.894e - 011  - 1.894e - 011   2.360e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2   4   1  - 1.894e - 011  - 1.894e - 011   2.360e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B 2   5   1  - 1.894e - 011  - 1.894e - 011   1.185e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2   6   1  - 1.894e - 011  - 1.894e - 011   1.185e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+00 4   0.633 resis     

    1     1    B2   7   1  - 1.894e - 011  - 1.894e - 011   1.065e - 011  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2   8   1  - 1.894e - 011  - 1.894e - 011   1.065e - 011  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2   9   1  - 1.894e - 011  - 1.894e - 011  - 1.164e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2  10   1  - 1.894e - 011  - 1.894e - 011  - 1.164e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2  11   1  - 1.894e - 011  - 1.894e - 011  - 2.338e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2  12   1  - 1.894e - 011  - 1.894e - 011  - 2.338e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2  13   1  - 1.894e - 011  - 1.894e - 011  - 3.513e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

    1     1    B2  14   1  - 1.894e - 011  - 1.894e - 011  - 3.513e - 009  - 7.728e+004  7.728e+004   1.932e+004  2.662e - 012   1.932e+004   0.633 resis     

 

    1     1    B4   1   1  - 1.845e - 011  - 1.845e - 011  - 3.534e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   2   1  - 1.845e - 011  - 1.845e - 011  - 3.534e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   3   1  - 1.845e - 011  - 1.845e - 011  - 2.360e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   4   1  - 1.845e - 011  - 1.845e - 011  - 2.360e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   5   1  - 1.845e - 011  - 1.845e - 011  - 1.185e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   6   1  - 1.845e - 011  - 1.845e - 011  - 1.185e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   7   1  - 1.845e - 011  - 1.845e - 011  - 1.065e - 011  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   8   1  - 1.845e - 011  - 1.845e - 011  - 1.065e - 011  - 7.728e+004  7.728e+004   1 .932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4   9   1  - 1.845e - 011  - 1.845e - 011   1.164e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4  10   1  - 1.845e - 011  - 1.845e - 011   1.1 64e- 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4  11   1  - 1.845e - 011  - 1.845e - 011   2.338e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4  12    1  - 1.845e - 011  - 1.845e - 011   2.338e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

    1     1    B4  13   1  - 1.845e - 011  - 1.845e - 011   3.513e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0 .633 resis     

    1     1    B4  14   1  - 1.845e - 011  - 1.845e - 011   3.513e - 009  - 7.728e+004  7.728e+004   1.932e+004 - 2.662e - 012   1.932e+004   0.633 resis     

 

    1     1    B5   1   1  - 7.306e - 011  - 7.306e - 011   1.700e+005   5.671e - 008  1.700e+005   3. 913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B5   1   2  - 3.472e - 011  - 3.472e - 011  - 1.700e+005  - 5.671e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B5   2   1  - 7.306e - 011  - 7.306e - 011   1.70 0e+005  - 8.801e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B5   2   2  - 3.472e - 011  - 3.472e - 011  - 1.700e+005   8.801e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B5   3   1  - 7.306e - 011  - 7.306e - 011   1.700e+005   5.671e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B5   3   2  - 3.472e - 011  - 3.472e - 011  - 1.700e+005  - 5.671e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1. 392       !!!  

    1     1    B5   4   1  - 7.306e - 011  - 7.306e - 011   1.700e+005  - 8.801e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B5   4   2  - 3.472e - 011  - 3.472e - 011  - 1.700e+005   8.801e - 008  1.700e+005   3.91 3e- 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B5   5   1  - 7.306e - 011  - 7.306e - 011   1.700e+005   5.671e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B5   5   2  - 3.472e - 011  - 3.472e - 011  - 1.700e +005  - 5.671e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B5   6   1  - 7.306e - 011  - 7.306e - 011   1.700e+005  - 8.801e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B5   6   2  - 3.472e - 011  - 3.472e - 011  - 1.700e+005   8.801e - 008  1.700e+005   3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

 

    1     1    B6   1   1   3.469e - 011   3.469e - 011   1.700e+005   6.370e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.3 92 resis !!!  

    1     1    B6   1   2   7.308e - 011   7.308e - 011  - 1.700e+005  - 6.370e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B6   2   1   3.469e - 011   3.469e - 011   1.700e+005  - 3.239e - 008  1.700e+005  - 3.913 e- 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B6   2   2   7.308e - 011   7.308e - 011  - 1.700e+005   3.239e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B6   3   1   3.469e - 011   3.469e - 011   1.700e+ 005   6.370e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B6   3   2   7.308e - 011   7.308e - 011  - 1.700e+005  - 6.370e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B6   4   1    3.469e - 011   3.469e - 011   1.700e+005  - 3.239e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B6   4   2   7.308e - 011   7.308e - 011  - 1.700e+005   3.239e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392        !!!  

    1     1    B6   5   1   3.469e - 011   3.469e - 011   1.700e+005   6.370e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B6   5   2   7.308e - 011   7.308e - 011  - 1.700e+005  - 6.370e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392       !!!  

    1     1    B6   6   1   3.469e - 011   3.469e - 011   1.700e+005  - 3.239e - 008  1.700e+005  - 3.913e - 009  4.251e+004   4.251e+004   1.392 resis !!!  

    1     1    B6   6   2   7.308e - 011   7.308e - 011  - 1.700e+00 5   3.239e - 008  1.700e+005   - 3.913e - 009  4.251e+004   4.251e+004   1.392        !!!  

 

According to EN1993-1-8:2005 (see appendix or previous paragraphs) now we 

compute bolt beating for member web. All bolts are to be considered end/edge in the 

direction parallel to load transfer (ad computation) since we have two columns only; in 

normal direction (k1 computation) central bolts are inner, other bolts are end edge. We are 
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going to compute bolt bearing on web for both central and external bolts. Force applied to 

the web is twice the internal force in bolts. (2*1.700e+05N=3.400e+05N). 

Fx 3,400E+05 

Fb,Rd,x 6,043E+04 

k1 1,87 

2,8e2/d0-1,7 5,23 

1,4p2/d0-1,7 1,87 

 
2,5 

ab 0,566666667 

ad 0,825 

fub/fu 2,78 

p1/3d0-0,25 0,57 

 
1 

fu 360 

d 18 

d0 20 

t 11 

e1=min(e1,e2) 49,5 

e2=min(e1,e2) 49,5 

p1 49 

p2 51 

expl x 5,627 
To be on the safe side, e1 and e2 are assumed equal to minimum between e1 and e2 

For inner bolts we have: 

Fx 3,400E+05 

Fb,Rd,x 6,043E+04 

k1 1,87 

1,4p2/d0-1,7 1,87 

 
  

 
2,5 

ab 0,56666667 

ad 0,825 

fub/fu 2,78 

p1/3d0-0,25 0,57 

 
1 

fu 360 

d 18 

d0 20 

t 11 

e1=min(e1,e2) 49,5 

e2=min(e1,e2) 49,5 

p1 49 
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p2 51 

expl x 5,627 
To be on the safe side, e1 and e2 are assumed equal to minimum between e1 and e2 

The results are equal as for edge bolts we have to keep into account also the inner 

distance to the next bolt, and this is the governing parameter. 

Note well: see B.2.1.2.1 for a detailed step-by-step computation of design resistance 

forces and utilization factors. 

 

Maximum utilization (3.865) is due to inner bolts. The same values is computed by CSE. 

------------------------------------------------------------------  

Members whose maximum utilization ratio is due to bearing stresses  

---------------------- --------------------------------------------  

 

 Inst Combi  Name   Boltlay   Bolt   Extr.        Sigma      Sigma M    Expl  

                                               (  N/ mm²)      (  N/ mm²)  

 

    1     1    m1      B5       1        2        1717.4        305.2   5.628  !!!  

    1     1    m2      B6       1       2        1717.4        305.2   5.628 !!!  

 

It is clear that web bolts number should be increased, with this computation settings, 

to reduce web utilization for bolt bearing. In a real case, bolt bearing would cause a re-

distribution of forces in flanges layout. For this reason, flexibility index has been added to 

CSE. It is used to modify bolt layout translational stiffness (see part C). With the flexibility 

index is possible to assign a greater load to the flanges and reach a checked condition of 

the joint, simulating forces re-distribution after bolt bearing. 

 

Figure B-34 Components utilization envelope  
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B.2.1.5 Bending about weak axis  

Model used is Validation_SP_1_4.CSE. Plastic moment of the cross-section about 

weak axis, including a 1.2 overstrength factor, is. 

N08454.2,, +=³³= efWM RDyzplzpl g  

Constraints and loads in original imported FEM model were properly set to get that 

value in joint node. This is forces distribution computed by CSE. 

 

--------------------------------------------------------------------  

Forces acting over bolt layouts at different extremes, global system  

--------------------------------------------------------------------  

 

Id      Inst  Comb i  Ext      Fx           Fy           Fz           Mx           My           Mz  

 

   B3     1     1     1  5.9052e - 005 - 1.1188e - 008 - 4.7302e - 022 - 1.0908e - 007 - 5.3546e - 004  1.2232e+008  

   B3     1     1     2 - 5.9052e - 005  1.1188e - 008  4.7302e - 022 - 1.0908e - 007 - 6.1604e - 004 - 1.2232e+008  

   B1     1     1     1 - 6.6056e - 005 - 1.1188e - 008  4.6750e - 022 - 1.0908e - 007  5.9421e - 004 - 1.2232e+008  

   B1     1     1     2  6.6056e - 005  1.1188e - 008 - 4.6750e - 022 - 1.0908e - 007  6.9389e - 004  1.2232e+008  

   B2     1     1     1  - 4.9807e - 005  1.1188e - 008  4.7297e - 022  1.0908e - 007  5.3546e - 004 - 1.2232e+008  

   B2     1     1     2  4.9807e - 005 - 1.1188e - 008 - 4.7297e - 022  1.0908e - 007  4.3578e - 004  1.2232e+008  

   B4     1     1     1  5.6812e - 005  1.1188e - 008 - 4.6755e - 022  1.0908e - 007  - 5.9421e - 004  1.2232e+008  

   B4     1     1     2 - 5.6812e - 005 - 1.1188e - 008  4.6755e - 022  1.0908e - 007 - 5.1362e - 004 - 1.2232e+008  

   B5     1     1     1 - 2.1088e+004   1.0335e - 007 - 1.2758e - 005 - 2.8744e - 006 - 1.3350e+005  7.6482e - 006  

   B5     1     1     2  6.4560e - 008 - 3.1504e - 017  2.5509e - 005  8.1259e - 006  7.5203e+005   4.6753e - 011  

   B5     1     1     3  2.1088e+004  - 1.0335e - 007 - 1.2751e - 005 - 2.8744e - 006 - 1.3350e+005 - 7.6482e - 006  

   B6     1     1     1  2.1088e+004  1.0335e - 007  1.2785e - 005 - 2.8744e - 006  1.3350e+005  7.6482e - 006  

   B6     1     1     2 - 2.2370e - 008  6.8821e - 022 - 2.5611e - 005  8.1259e - 006 - 7.5203e+005  4.6049e - 011  

   B6     1     1     3 - 2.1088e+004 - 1.0335e - 007  1.2826e - 005 - 2.8744e - 006  1.3350e+005 - 7.6482e - 006  

 

CSE assings 1.2232e+08Nmm to each flange bolt layout and 7.5203*105Nmm to web bolt 

layout. Total moment is equal to applied moment: 

2*1.2232*108Nmm + 7.5203*105Nmm = 2.454*108Nmm 

Bending in web bolt layouts2 (B5 and B6) produces shears with opposite sign in bolt layout 

external extremes. 

 

We are going to compute the force in each bolt of flanges layout. According to what 

was previously done for web bolt layout (see Figure B-32), the force in a bolt depends on 

total torque, polar inertia moment (Jp) of the layout ad bolt distance from layout centre. 

Polar inertia moment was previously computer in paragraph B.1.2; it is 

Jp=257211mm2: Force acting on each bolt is equal to: 

i

p

t

b d
J

M
iT ³=

2/
,  

                                            

2 Note well: we are using ñshear onlyò bolts, so there is no axial force in shafts 
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According to Figure B-3, the 14 bolts have four different distances from layout centre. 

Distances are given in the following table. Shear in bolts (Vb,i) depend on bolts distance di; 

utilization factor is also printed (Vb,i / FV,Rd, see B.2.1.2). 

di [mm] Vb,i [N] expl 

91.5 4.352E+04 0.356 

104.3 4.959E+04 0.406 

135.5 6.446E+04 0.528 

175.7 8.356E+04 0.684 

On the web, all bolts carry the same load equal to layout shear divided by bolts number: 

2.1086*104 / 6 = 3.514*103N 

with an utilization equal to 0.029. CSE computes the same values. 

 

--------------------------------------------------------------  

Internal actions in bolts at different planes, exploitations  

--------------------------------------------------------------  

 

Inst  Combi  Name Bolt - ?-        NB           NTB          TuB          TvB         TB           MuB         MvB          MB      Expl  cause  

 

    1     1    B3   1   1  - 3.379e - 023  - 3.379e - 023   7.133e+004  - 4.351e+004  8.356e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.684  resis     

    1     1    B3   2   1  - 3.379e - 023  - 3.379e - 023   7.133e+004   4.351e+004  8.356e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.684 resis     

    1     1    B3   3   1  - 3.379e - 023  - 3.379e - 023   4.755e+004  - 4.351e+004   6.446e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.528  resis     

    1     1    B3   4   1  - 3.379e - 023  - 3.379e - 023   4.755e+004   4.351e+004  6.446e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.528 resis     

    1     1    B3   5   1  - 3.379e - 023  - 3.379e - 023   2.378e+004  - 4.351e+004  4.959e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.406  resis     

    1     1    B3   6   1  - 3.379e - 023  - 3.379e - 023   2.378e+004   4.351e+004  4.959e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.406 resis     

    1     1    B3   7   1  - 3.379e - 023  - 3.379e - 023   4.218e - 006  - 4.351e+004  4.351e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.356  resis     

    1     1    B3   8   1  - 3.379e - 023  - 3.379e - 023   4.218e - 006   4.351e+004  4.351e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.356 resis     

    1     1    B3   9   1  - 3.379e - 023  - 3.379e - 023  - 2.378e+004  - 4.351e+004  4.959e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.406 resis     

    1     1    B3  10   1  - 3.379e - 023  - 3.379e - 023  - 2.378e+004   4.351e+004  4.959e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.406 resis     

    1     1    B3  11   1  - 3.379e - 023  - 3.379e - 023  - 4.755e+004  - 4.351e+004  6.446e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.528 resis     

    1     1    B3  12   1  - 3.379e - 023  - 3. 379e - 023  - 4.755e+004   4.351e+004  6.446e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.528 resis     

    1     1    B3  13   1  - 3.379e - 023  - 3.379e - 023  - 7.133e+004  - 4.351e+004  8.356e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.684 resis     

    1     1    B3  14   1  - 3.379e - 023  - 3.379e - 023  - 7.133e+004   4.351e+004  8.356e+004   1.998e - 010  3.932e - 006   3.932e - 006   0.684 resis     

 

    1     1    B1   1   1   3.339e - 023   3.339e - 023  - 7.133e+004   4.351e+004  8.356e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.684 resis     

    1     1    B1   2   1   3.339e - 023   3.339e - 023  - 7.133e+004  - 4.351e+004  8.356e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.684 resis     

    1     1    B1   3   1   3.339e - 023   3.339e - 023  - 4.755e+004   4.351e+004  6 .446e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.528 resis     

    1     1    B1   4   1   3.339e - 023   3.339e - 023  - 4.755e+004  - 4.351e+004  6.446e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.528 resis     

    1     1    B1   5   1   3.339e - 023   3.3 39e - 023  - 2.378e+004   4.351e+004  4.959e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.406 resis     

    1     1    B1   6   1   3.339e - 023   3.339e - 023  - 2.378e+004  - 4.351e+004  4.959e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.406 resis     

    1     1    B1   7   1   3.339e - 023   3.339e - 023  - 4.718e - 006   4.351e+004  4.351e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.356 resis     

    1     1    B1   8   1   3.339e - 023   3.339e - 023  - 4.718e - 006  - 4.351e+004  4.351e+004   1.998e - 010 - 4.739e - 006   4 .739e - 006   0.356 resis     

    1     1    B1   9   1   3.339e - 023   3.339e - 023   2.378e+004   4.351e+004  4.959e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.406 resis     

    1     1    B1  10   1   3.339e - 023   3.339e - 023   2.378e+004  - 4.351e+004  4.9 59e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.406 resis     

    1     1    B1  11   1   3.339e - 023   3.339e - 023   4.755e+004   4.351e+004  6.446e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.528 resis     

    1     1    B1  12   1   3.339e - 023   3.339 e- 023   4.755e+004  - 4.351e+004  6.446e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.528 resis     

    1     1    B1  13   1   3.339e - 023   3.339e - 023   7.133e+004   4.351e+004  8.356e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.684 resis     

    1     1    B1  14   1   3.339e - 023   3.339e - 023   7.133e+004  - 4.351e+004  8.356e+004   1.998e - 010 - 4.739e - 006   4.739e - 006   0.684 resis     

 

    1     1    B2   1   1   3.378e - 023   3.378e - 023  - 7.133e+004   4.351e+004  8.356e+004  - 1.998e - 010  2.671e - 006   2. 671e - 006   0.684 resis     

    1     1    B2   2   1   3.378e - 023   3.378e - 023  - 7.133e+004  - 4.351e+004  8.356e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.684 resis     

    1     1    B2   3   1   3.378e - 023   3.378e - 023  - 4.755e+004   4.351e+004  6.44 6e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.528 resis     

    1     1    B2   4   1   3.378e - 023   3.378e - 023  - 4.755e+004  - 4.351e+004  6.446e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.528 resis     

    1     1    B2   5   1   3.378e - 023   3.378e - 023  - 2.378e+004   4.351e+004  4.959e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.406 resis     

    1     1    B2   6   1   3.378e - 023   3.378e - 023  - 2.378e+004  - 4.351e+004  4.959e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.406 resis     

    1     1     B2   7   1   3.378e - 023   3.378e - 023  - 3.558e - 006   4.351e+004  4.351e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.356 resis     

    1     1    B2   8   1   3.378e - 023   3.378e - 023  - 3.558e - 006  - 4.351e+004  4.351e+004  - 1.998e - 010  2.671e - 006   2.67 1e- 006   0.356 resis     

    1     1    B2   9   1   3.378e - 023   3.378e - 023   2.378e+004   4.351e+004  4.959e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.406 resis     

    1     1    B2  10   1   3.378e - 023   3.378e - 023   2.378e+004  - 4.351e+004  4.959e +004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.406 resis     

    1     1    B2  11   1   3.378e - 023   3.378e - 023   4.755e+004   4.351e+004  6.446e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.528 resis     

    1     1    B2  12   1   3.378e - 023   3.378e - 023   4.755e+004  - 4.351e+004  6.446e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.528 resis     

    1     1    B2  13   1   3.378e - 023   3.378e - 023   7.133e+004   4.351e+004  8.356e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.684 resis     

    1     1    B2  14   1   3.378e - 023   3.378e - 023   7.133e+004  - 4.351e+004  8.356e+004  - 1.998e - 010  2.671e - 006   2.671e - 006   0.684 resis     

 

    1     1    B4   1   1  - 3.340e - 023  - 3.340e - 023   7.133e+004  - 4.351e+004  8.356e+004  - 1.998e - 010 - 1.864e - 006   1.864 e- 006   0.684 resis     

    1     1    B4   2   1  - 3.340e - 023  - 3.340e - 023   7.133e+004   4.351e+004  8.356e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.684 resis     

    1     1    B4   3   1  - 3.340e - 023  - 3.340e - 023   4.755e+004  - 4.351e+004  6.446e+ 004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.528 resis     

    1     1    B4   4   1  - 3.340e - 023  - 3.340e - 023   4.755e+004   4.351e+004  6.446e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.528 resis     

    1     1    B4   5   1  - 3.340e - 023  - 3.340e - 023   2.378e+004  - 4.351e+004  4.959e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.406 resis     

    1     1    B4   6   1  - 3.340e - 023  - 3.340e - 023   2.378e+004   4.351e+004  4.959e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.406 resis     

    1     1    B4   7   1  - 3.340e - 023  - 3.340e - 023   4.058e - 006  - 4.351e+004  4.351e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.356 resis     

    1     1    B4   8   1  - 3.340e - 023  - 3.340e - 023   4.058e - 006   4.351e+004  4.351e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.356 resis     

    1     1    B4   9   1  - 3.340e - 023  - 3.340e - 023  - 2.378e+004  - 4.351e+004  4.959e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.406 resis     

    1     1    B4  10   1  - 3.340e - 023  - 3.340e - 023  - 2.378e+004   4.351e+004  4.959e+00 4  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.406 resis     

    1     1    B4  11   1  - 3.340e - 023  - 3.340e - 023  - 4.755e+004  - 4.351e+004  6.446e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.528 resis     

    1     1    B4  12   1  - 3.340e - 023  - 3.340e - 023  - 4.755e+004   4.351e+004  6.446e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.528 resis     

    1     1    B4  13   1  - 3.340e - 023  - 3.340e - 023  - 7.133e+004  - 4.351e+004  8.356e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.684 resis     

    1     1    B 4  14   1  - 3.340e - 023  - 3.340e - 023  - 7.133e+004   4.351e+004  8.356e+004  - 1.998e - 010 - 1.864e - 006   1.864e - 006   0.684 resis     

 

    1     1    B5   1   1  - 2.126e - 006  - 2.126e - 006  - 3.515e+003   3.847e - 009  3.515e+003  - 5.824e - 007 - 4.334e+004   4.334e+0 04   0.029 resis     

    1     1    B5   1   2   2.125e - 006   2.125e - 006  - 3.515e+003   3.847e - 009  3.515e+003   5.824e - 007  4.334e+004   4.334e+004   0.029           

    1     1    B5   2   1  - 2.126e - 006  - 2.126e - 006  - 3.515e+003   3.060e - 008  3.515e+003   - 5.824e - 007 - 4.334e+004   4.334e+004   0.029 resis     

    1     1    B5   2   2   2.125e - 006   2.125e - 006  - 3.515e+003   3.060e - 008  3.515e+003   5.824e - 007  4.334e+004   4.334e+004   0.029           
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    1     1    B5   3   1  - 2.126e - 006  - 2.126e - 006  - 3.515e+003   3.847e - 009  3.515e+003  - 5.824e - 007 - 4.334e+004   4.334e+004   0.029 resis     

    1     1    B5   3   2   2.125e - 006   2.125e - 006  - 3.515e+003   3.847e - 009  3.515e+003   5.824e - 007  4.334e+004   4.334e+004   0.029           

    1     1    B5    4   1  - 2.126e - 006  - 2.126e - 006  - 3.515e+003   3.060e - 008  3.515e+003  - 5.824e - 007 - 4.334e+004   4.334e+004   0.029 resis     

    1     1    B5   4   2   2.125e - 006   2.125e - 006  - 3.515e+003   3.060e - 008  3.515e+003   5.824e - 007  4.334e+004   4.334e+004    0.029           

    1     1    B5   5   1  - 2.126e - 006  - 2.126e - 006  - 3.515e+003   3.847e - 009  3.515e+003  - 5.824e - 007 - 4.334e+004   4.334e+004   0.029 resis     

    1     1    B5   5   2   2.125e - 006   2.125e - 006  - 3.515e+003   3.847e - 009  3.515e+003   5.824e - 007  4.334e+004   4.334e+004   0.029           

    1     1    B5   6   1  - 2.126e - 006  - 2.126e - 006  - 3.515e+003   3.060e - 008  3.515e+003  - 5.824e - 007 - 4.334e+004   4.334e+004   0.029 resis     

    1     1    B5   6   2   2.125e - 006   2.125e - 006  - 3.515e+003   3.060e - 008  3.515e+003   5.824e - 007  4.334e+004   4.334e+004   0.029           

 

    1     1    B6   1   1   2.131e - 006   2.131e - 006   3.515e+003   3.847e - 009  3.515e+003  - 5.824e - 007  4.334e+004   4.334e+004   0.029 resis     

    1     1    B6   1   2  - 2.138e - 006  - 2.138e - 006   3.515e+003   3.847e - 009  3.515e+003   5.824e - 007 - 4.334e+004   4.334e+004   0.029           

    1     1    B6   2   1   2.131e - 006   2.131e - 006   3.515e+003   3.060e - 008  3.515e+003  - 5.824e - 007  4.334e+004   4.334e+004   0.029 resis     

    1     1    B6   2   2  - 2.138e - 006  - 2.138e - 006   3.515e+003   3.060e - 008  3.515e+003   5.824e - 007 - 4.334e+004   4.334e+004   0.029           

    1     1    B6   3   1   2.131e - 006   2.131e - 006   3.515e+003   3.847e - 009  3.515e+003  - 5.824e - 007  4.334e+004   4.334e+004   0.029 resis     

    1     1    B6   3   2  - 2.138e - 006  - 2.138e - 006   3.515e+003   3.847e - 009  3.515e+003   5.824e - 007 - 4.334e+004   4.334e+004   0.029           

    1     1    B6   4   1   2.131e - 006   2.131e - 006   3. 515e+003   3.060e - 008  3.515e+003  - 5.824e - 007  4.334e+004   4.334e+004   0.029 resis     

    1     1    B6   4   2  - 2.138e - 006  - 2.138e - 006   3.515e+003   3.060e - 008  3.515e+003   5.824e - 007 - 4.334e+004   4.334e+004   0.029           

    1     1    B6   5   1   2.131e - 006   2.131e - 006   3.515e+003   3.847e - 009  3.515e+003  - 5.824e - 007  4.334e+004   4.334e+004   0.029 resis     

    1     1    B6   5   2  - 2.138e - 006  - 2.138e - 006   3.515e+003   3.847e - 009  3.515e+003   5.824e - 007 - 4.334e+004   4.334e+004   0.029           

    1     1    B6   6   1   2.131e - 006   2.131e - 006   3.515e+003   3.060e - 008  3.515e+003  - 5.824e - 007  4.334e+004   4.334e+004   0.029 resis     

    1     1    B6   6   2  - 2.138e - 006  - 2.138e - 006   3.515e+003   3.060e - 008  3.515e+003   5. 824e - 007 - 4.334e+004   4.334e+004   0.029    

 

Now we compute bolt bearing on a flange cover plate. Consider an end/edge bolt and 

the most loaded one among inner bolts. Distances are shown in following figure. 

 

Figure B-35 

 

In this case, forces acting on the plate are equal to those in bolts check sections. 

 

--------------------------------------------------------------------  

Forces acting over bolt layouts at different extremes, global system  

--------------------------------------------------------------------  

 

Id      Inst  Combi  Ext      Fx           Fy           Fz           Mx           My           Mz  

 

   B3     1     1     1  5.9052e - 005 - 1.1188e - 008 - 4.7302e - 022 - 1.0908e - 007 - 5.3546e - 004  1.2232e+008  
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------------------------------------------  

Overall internal actions over Bolt Layouts  

------------------------------------------  

 

Id      Inst  Combi  Sec      NT           TuT          TvT          MtT          MuT          MvT  

 

   B3     1     1     1 - 4.7302e - 022  5.9052e - 005 - 1.1188e - 008  1.2232e+008   2.7969e - 009  5.5054e - 005  

 

Following table contains all the data needed to compute plate bolt bearing according to the 

formulae given in previous paragraphs (see also the appendix). Considered bolt is an 

external on (ñEò in Figure B-35). 

 

External bolt ñEò 

Fx 4,351E+04 Fy 7,133E+04 

Fb,Rd,x  1,512E+05 Fb,Rd,y  1,555E+05 

k1 2,5 k1 1,8 

2,8e2/d0-1,7 5,3 2,8e2/d0-1,7 5,3 

1,4p2/d0-1,7 11,11 1,4p2/d0-1,7 1,8 

 
2,5 

 
2,5 

ab 0,583 ab 0,833 

ad 0,833 ad 0,833 

fub/fu 2,78 fub/fu 2,78 

p1/3d0-0,25 0,58 p1/3d0-0,25 2,80 

 
1 

 
1 

fu  360 fu  360 

d 18 d 18 

d0 20 d0 20 

t 20 t 20 

e1=min(e 1,e2) 50 e1=min(e 1,e2) 50 

e2=min(e 1,e2) 50 e2=min(e 1,e2) 50 

p1 50 p1 183 

p2 183 p2 50 

expl x 0,288 expl y 0,459 

    

 
EXPL= 0,541 

  

To be on the safe side, e1 and e2 are assumed equal to minimum between e1 and e2 

0.541explexplexpl 2

y

2

x =+=  

 

Now we are going to compute bolt bearing due to a inner bolt (most loaded inner bolt, see 

ñIò in Figure B-35). 
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Inner bolt ñIò 

Fx 4,351E+04 Fy 4,755E+04 

Fb,Rd,x  2,592E+05 Fb,Rd,y  1,512E+05 

k1 2,5 k1 2,5 

1,4p2/d0-1,7 11,11 
  2,8e2/d0-1,7 5,3 1,4p2/d0-1,7 11,11 

 
2,5 

 
2,5 

ab 1,000 ab 0,583 

ad (ext)    ad (ext)  0,833 

fub/fu 2,78 fub/fu 2,78 

p1/3d0-0,25 2,80 p1/3d0-0,25 0,58 

 
1 

 
1 

fu  360 fu  360 

d 18 d 18 

d0 20 d0 20 

t 20 t 20 

e1=min(e 1,e2) 50 e1=min(e 1,e2) 50 

e2=min(e 1,e2) 50 e2=min(e 1,e2) 50 

p1 183 p1 50 

p2 50 p2 183 

expl x 0,168 expl y 0,314 

    

 
EXPL= 0,356 

 To be on the safe side, e1 and e2 are assumed equal to minimum between e1 and e2 

0.356explexplexpl 2

y

2

x =+=  

 

Note well: see B.2.1.2.1 for a detailed step-by-step computation of design resistance 

forces and utilization factors. 

 

Here is the value computed by CSE: 

 

------------------------------------------------------------------  

Cleats whose maximum utilization ratio is due to bearing stresses  

------------------------------------------------------------------  

 

 Inst Combi  Name   Boltlay   Bolt   Extr.        Sigma      Sigma M    Expl  

                                               (  N/ mm²)     (  N/ mm²)  

 

    1     1     P1     B3      13        1         232.1        428.6   0.541      

    1     1     P2     B1      14       1         23 2.1        428.6   0.541     
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Figure B-36 Components utilization envelope  

 

B.2.1.6 Shear parallel to flanges  

Now consider the shear parallel to the flanges (model: Validation_SP_1_5.CSE). 

 

With an overstrength factor equal to 1.2, we compute limit shear parallel to flanges 

and set imported FEM model to obtain that load in joint node: 

N
btf

V
RDfy

RDRDpl

6

, 10856.1
3

2
Ö=

ÖÖÖ
=Ö

g
g  

Note well: EN1993-1-1 includes a part of flanges area in the shear area for shear 

parallel to web. That part should be excluded from shear area for shear parallel to flanges. 

Here a simplified computation was done for the load to be applied, considering total 

flanges area (2btf). 

CSE assigns almost the total load to flanges bolt layouts. A very small part is carried 

by web bolt layouts (as bending moment). We will consider flanges bolt, that carry a shear 

equal to V=9.2799*105N. 

 

--------------------------------------------------------------------  

Forces acting over bolt layouts at different extremes, global system  

--------------------------------------------------------------------  

 

Id      Inst  Combi  Ext      Fx           Fy           Fz           Mx           My           Mz  

 

   B3     1     1     1 - 9.2799e+005  - 2.8846e - 012 - 2.0938e - 021 - 2.8126e - 011  9.0479e+0 06  1.8560e+008  

   B3     1     1     2  9.2799e+005  2.8846e - 012  2.0938e - 021 - 2.8123e - 011  9.0479e+006 - 1.8560e+008  
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   B1     1     1     1  9.2799e+005  6.5351e - 012  2.0938e - 021  6.3716e - 011 - 9.0479e+006 - 1.8560e+008  

   B1     1     1     2 - 9.2799e+005  - 6.5351e - 012 - 2.0938e - 021  6.3719e - 011 - 9.0479e+006  1.8560e+008  

   B2     1     1     1  9.2799e+005 - 6.5351e - 012  2.0938e - 021 - 6.3716e - 011 - 9.0479e+006  1.8560e+008  

   B2     1     1     2 - 9.2799e+005  6.5351e - 012 - 2.0938e - 021 - 6.3718e - 011 - 9.0479e+006  - 1.8560e+008  

   B4     1     1     1 - 9.2799e+005 - 6.5351e - 012 - 2.0938e - 021 - 6.3716e - 011  9.0479e+006 - 1.8560e+008  

   B4     1     1     2  9.2799e+005  6.5351e - 012  2.0938e - 021 - 6.3719e - 011  9.0479e+006  1.8560e+008  

   B5     1     1     1  8.5935e - 002  4.6021e - 007 - 4.4584e+001 - 1.2799e - 005  3.2998e+003  3.4056e - 005  

   B5     1     1     2 - 4.1848e - 010 - 1.4027e - 016  8.9168e+001  3.6183e - 005 - 6.6015e+003 - 4.2191e - 013  

   B5     1     1     3 - 8.5935e - 002 - 4.6021e - 007 - 4.4584e+001 - 1.2799e - 005  3.2998e+003 - 3.4056e - 005  

   B6     1     1     1 - 8.5935e - 002  4.6021e - 007 - 4.4584e+001 - 1.2799e - 005  3.2987e+003  3.4056e - 005  

   B6     1     1     2  1.4502e - 010 - 5.7175e - 021  8.9169e+001  3.6183e - 005 - 6.5954e+003  4.1298e - 013  

   B6     1     1     3  8.5935e - 002 - 4. 6021e - 007 - 4.4584e+001 - 1.2799e - 005  3.2987e+003 - 3.4056e - 005  

 

As previously seen for shear parallel to web, we have two components acting on 

bolts: the applied shear divided by bolts number and the shear produced by the moment of 

transport (torque in the layout). 

 

Figure B-37 Total shear / bolts number (V/14)  
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Figure B-38 Shears due to torque  

 

 

Figure B-39 Resultant forces  

 

Couples of bolts are subjected to the same force, given by the following formula: 

 

where VMô,x,i and VMô,y,i are the components parallel and normal to the applied shear: 

VMô,x,i=Mô/Jp*dy,i 




































































































































































































































































































































































