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A.1 SCOPE OF THE DOCUMENT AND VALIDATION CRITERIA

This document contains the cross-check between CSE G s resul ts and
computations (by hand, using MS Excel or other structural analysis software). The purpose
is to get informationabout CSE6s reliability in steel joints

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

Quite Atypical o6 problems are studied, so t
using theoretical formulae and models. In CSE, a simple or typical joint is just a general
j oi nt: wh at we cal $plfiibcoel tjedai nctoov,erf oprl aC8E i s

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 i f we use Aty piarksawedare grosd-enécking gemeribj@msddn m
CSE.

The results reported in this document are useful to appreciate C S E @ccuracy, 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 t he val i dation document has been
development, the structure of the document reflects the growth of the program. Parts B
and C of this document refer to different st a
added to CSE, oldest models are re-run to test if new results are equal to the previous
ones.

9
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The scope of this document is not to define realistic or properly designed joints: the
purpose is to validate CSEOGs computations. F c
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
CSE6s devel opment process. Before doing any o
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 join
compared wi t h hand computati ons or ot her p
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:

1 distribution of the forces in each bolt and in each weld
1 bolts resistance check

1 welds resistance check

1 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

10
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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:

1 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

userd6s checks

= =4 =4 4 4 -5 -2

bolt layout stiffness according to flexibility index modification

A.3 PROGRAMS USED FOR CROSS-CHECK

The foll owing programs have been used to vali

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 CSEOG6s validat i oThe appticationshasy e s s
been developed independently from Castalia and using completely different software tools.

Lisa®© Ver. 3.5

11
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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-c heck CSEO® ¢
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

di fferent from those shown here. For exampl e,
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 | ater than new versionds release

12
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B. FORCES DISTRIBUTION IN JOINERS AND BASIC CHECKS
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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

Letbdébs see how CSE computes the polar i
example, bolt layout B3, the one highlighted in blue in the next figure.

15
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Figure B-2 Bolt layout B3 (in blue)

Polar inertia moment (J,) computed by CSE is reported in following output listing
abstract. All the bolts of a layout have the same diameter; J, is a polar inertia moment per
bolt area [length?].

Length Force Temperature Time
mm N °C s

[é]

Id xc yc AcT JIx Jy JIxy 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 J, = 2.572*10°mm?, now we are going to hand
compute it in order to to validate CSEO6 value
between rows and columns, distance from each bolt to layout centre).

16
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O O : O O

015 915

Figure B-3 Distances between bolts and from centre

We have:

1 2 bolts at 91.5mm from the centre

1 4 bolts at J915? +502 =1043mm from the centre
1 4 bolts at J915? +100% =1355mm from the centre

1 4 bolts at /9152 +150? =1757mm from the centre

Polar inertia moment per bolt area is

3, =5(d?)=2015% + 400043 + 413557 + 417572 = 25720 mnt

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:

J

W, ="*f
T,i di
J

WTu,i = V_Ip
17
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J
WTv,i = U_Ip

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

O O
O O
O O
O O
E
O 5| 13mk
O 91.5mm™
0 O
Figure B-4
J « .
w, = e = 257200mnt _ ) go0
Tod, 1355mm
J ¢ ;
W, =2 257200 mnt _ ;oo imm
TV - 100mm
J ¢ .
W, = 2o = 25720t _ 5 61160 mm
Toou - 91.5mm
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.

18
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Considering layout principal axes u -v, | et 6 s ¢ o mgrtia tmemertsapgro u t
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.

’ ' %\ x Y

LA A il
Lleg=1=]

Figure B-5 3D view of the joint

-

S| gl 4

&
[Kp]

1 E—-%{%u
£

£ o

g+ 20

=

[l
R

Figure B-6 Distances from the centre

19

CSE: worked examples 1 validation (part B) www.steelchecks.com info@steelchecks.com



BCASTALL
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.

Jy 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:

J, = S{av?)=1G0mm? + 2¢dBamm)? + 2¢108mn)? = 2916annT
J, = Slduw?) = 5¢0mm)? = omnt

The same values are computed by CSE:

Id xc yc AcT Jx Jy JIxy 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.

Let 6s cholts pnadulie:

Wui :i
) Vi

J
in =—
) u

W, _Jdu _ 2916annt — - 270mm
. -108mm
W, _Jdu _ 29160mnt — . 540mm
v, - 54mm
W, _Jdu _ 29160mnt _
BEEEAYA Omm
W, _Jdu _ 2916amnt — 540mm
v, 54mm
20
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CSE the same values (see following listing abstract, column W,). Note that when
distance is null (for example for bolt 3, with v=0) W,; would be infinite; in this case, for
computational reasons, CSE uses the value W,,;=10"?mm.

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

Bl 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 O for all the bolts, W,; column contains all
Wu,izlolzmm; it would be impossible to determine that value, otherwise:

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:

av fubA

Gv2

K, f,
Fira = o

w2

I:v, Rd

with

a,=0.6
f.,=800N/mm?
A=353mm?
A=452mm?
k,=0.9
Gio=1.25

21
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NOTE WELL: in the computation of F, rg, 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, a, is always equal to 0.6.

Bolt choice ['JI_L'J

Ealt

- INDIAN-HE;< M24-8.8F

" AMERICAM-HEX
" EUROHEXHSFG
" INDIAN-HEX-HSFG
" AMEE 2 HS

a8 | Class
———— O

er

Ak

Resistance area

@ Total
" Threaded
Hole HEX: hexagon; HSFG high strength friction arip: HS high strength
{* Momal
" Precigion Cancel

Figure B-7

According to the previous values, we have:

_ 0.6@BOON / mnt @A524mnt

Fy r Lot =1.737A0°N
. 0.9G300N /lrr;r;f B5IMNT _, amaon

CSE computes the same values (Viim is design resistance for shear, Ny is design
resistance for tension):

Id Class Dia DiaH Sec Full Precision Area Ares Viim Nlim Nini

Bl 8 .8 240 260 1 yes not 4.524e+002 3.530e+002 1.737e+005 2.033e+005 0.000e+000

22
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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 a=20mnY+/2 =14.142Inm. Cross-section dimensions
are given in next figure.

23
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b'=(b-t,,-2r)/2

h'=h-2t;-2r

=1 |

Figure B-9

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

HEB 320

h 320mm
300mm
tw 11.5mm
t 20.5mm

r 27mm
h'=h-2t-2r 225mm

b'=(b-t,-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))
A La=b-2mm 298mm
B Lg=b'-2mm 115.25mm
C Lc=h'-2mm 223mm
24
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Figure B-10

Il n order to vali dat Sada8d&@sldingsg applicatios by Prefe  u s e
Ing. Giulio Ballio (see reference in A.3, page 11 of this document).

Figure B-12 shows Saldature6 s i nt er f ac e, wifiition (tdr@at sactioh,or we
direction, length and position of each weld) and the results computed by the application for:

1 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)

1 Inertia moment lgxx about principal axis x (J, about axis u in CSE)

1 Inertia moment lgyy about principal axis v (J, 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).

25
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yzl P11 P12
P21
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y p1 I
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P7 P9 P10 P8
x1

X3

Figure B-11

Distances reported in Figure B-11
x1 -Lc/2 -11.5mm
X2 -h/2+t+a/2 -132.43mm
X3 -h/2-a/2 -167.07mm
yl -tu/2-a/2 -12.821mm
y2 ty+r+lmm 33.75mm
y3 -La/2 -149mm
26
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My

100

Ly, a4

Lz, a7

&

-100

( x -y -z : riferimento arbitrario )

200 100 o 100 200 a; =dimensione di gola dei cordoni
Validazione CSE
tutti i cordoni hanno eguale dimensione della gola pari a- mm | 14,1421356 il dato sostituisce tale valore riferite ad assi principali
posizione cordone  w a3 Li Hai Yai Xg,i Vai Ai_\ Eai Ea.i A e,
cordoni mm mm mim mim mm mm cm* mm mm mm mm
cordoni 1 223 -111.5 12,8621 0.0 12,8 31,5 -111.5 1115 -12.8 -12,8
; 2 223 -111.5 12,621 0,0 12,8 315 -111.5 11,5 12,8 12,8
paralleli 3
ad isse T
5
(neri) 6
cordoni 7 298| 16707 -149 -167.1 0 421 -167 -167 -149 149
paralleli 8 298 167,07 -149 1671 0,0 421 167 167 -149 149
ad asse 9 115,26 132,43 -149 -132.4 -4 16,3 -132 -132 -149 -34
10 115,25 132,43 -149 132.4 -91.4 16.3 132 132 -149 -34
Y 11 115,26 132,43 33,75 -132.4 914 16,3 -132 -132 34 149
(blu) 12 115,25 132.43 33 75 1324 9 16.3 132 132 34 149
caratteristiche della Aﬁ *s Ye o oy oy o loss o
sezione cm? mm mm cm* cm* cm* radianti gradi cm* cm*
212,6 0 0 12.506 37.574 0 0,0000 0 12.506 37.574

T 1

Figure B-12 Layout area and inertia moments computed by Saldature

Results computed by Saldature are, given in mm* and rounded to the fourth
significant digit:

A = 2.126*10*“mm?
1.251*108mm*
3.757*10%mm*

IGxx

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 J, is equal to the sum of J, and Jy:
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J, = 1.251*10°mm* + 3.757*10°mm* = 5.008*10°mm*

NOTES

T xcandyc.val ues printed Iiinyar€ B dardinatas tofplaydut céntres t
referred to insertion face clicked in the scene.

1 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

r |
1 | Rolled H shapes léj

14308 A |6.B02539 it

300]
4= 251656400 o 1677710
300 B o
|ssezez00 43 [G7oesD w3
1 H
19
27

a
[tasos00 .t [1888670  wipl2
e
12989998 2 870140 wipl3
B

T — 8
HE 300 B |75.800003 i3 [1730 u

HE 300E Name [18e3zeatl wp  [45175757: ws

Linkz- info about limit length

Short  |1383.3732: Intermediate 2593.8248 Laong

Clagses according to Euracode 3 [EM 1933 1-1)

5235 5275 5355 5420
N 1 1 1 1
M2 1 1 1 1
M3 1 1 1 1

ak. | Update | Cancel |

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,
f,,=1000N/mm?). Next figures show different views of the model and of bolt layouts
schemes).

T O | O O O O

oo | Do
oo (o0
oo |00

ST 0T 67 ) ORIV PPN | 7N ) O TR TN I i

Figure B-15 Side view

DooOo0D Doaadon

QOO0 D QoOQOQo0

Figure B-16 Top view

30

CSE: worked examples 1 validation (part B) www.steelchecks.com info@steelchecks.com



i

JE 1)

|

Figure B-17 Front view

OO0 TTOCBOOO

TCODUTCTY TOUBTUDTOT

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

Z
= P g 7=
B6#5 N B6#5 X { B Y, § A
A y A
il g — —
e 7o Ve
( B6#8 N B6.#4 { B ), LI
A - -
B6# N Bo#2 N { \ { \
A 4 A
A 4 - -

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

Bolt layouts have the i s h e a r optionl opn:at 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) . | f Ashear onlyo
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*W*f, = 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
BL 1 1 1 -1.4745e - 006 1.5487e+006 -1.9401e - 006 1.4170e+007 1.2367e -005 2.9493e -004
Bl 1 1 2 1.4745e -006 -1.5487e+006 1.940le - 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*10°N; considering both flanges, total
carried moment is:

2A.547Q0°N C% =20.547Q0°N %) = 4.646Q0° Nmmr
which is the 88% of total applied moment (5.27*10*Nmm).

33

CSE: worked examples 1 validation (part B) www.steelchecks.com info@steelchecks.com



We can evaluate via hand computation the distribution of the forces in elastic range.

2
M :2btfhfy+twif =
2 6

tot y

300MMey 3N / mint +1err(‘32052“7”f (235N / mnt. = 4.2050° Nmm

=2@00mmA9Mn®

Flanges carry the following moment

M, =2bt, g f, = iczommgnnﬁw%”dsa\umnf = 4.019000° Nmm

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 4™ 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 Aby hando. I f the ratio web bol
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.

L e tvdlidate 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*10°N / 14 = 1.106*10°N.
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Internal actions in bolts at different planes, exploitations

HCSTAL

Inst Combi Name Bolt -?- NB NTB TuB TvB B 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
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
1 1 B3 3 1 1.386e -007 1.386e -007 9.34le -009 -1.106e+005 1.106e+005 9.401e+004 -1.699e -007
1 1 B3 4 1 1.386e -007 1.386e -007 9.34l1e -009 -1.106e+005 1.106e+005 9.401e+004 -1.699e -007
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
1 1 B3 6 1 1.386e -007 1.386e -007 -4.799e -008 -1.106e+005 1.106e+005 9.40 1e+004 -1.699% -007
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
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
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
1 1 B310 1 1.386e -007 1.386e -007 -1.627e -007 -1.106e+005 1.106e+005 9.401e+004 -1.699e -007
1 1 B311 1 1.386e -007 1.386e -007 -2.200e -007 -1.106e+005 1.106e+005 9.401e+004 -1.699e -007
1 1 B312 1 1.386e -007 1.386e -007 -2.200e -007 -1.106e+005 1.106e+005 9.401e+004 -1.699e -007
1 1 B3 13 1 1.386e -007 1.386e -007 -2.773e -007 -1.106e+005 1.106e+005 9.401e +004 -1.699% -007
1 1 B3 14 1 1.386e -007 1.386e -007 -2.773e -007 -1.106e+005 1.106e+005 9.401e+004 -1.699 -007
1 1 B111 -1.386e -007 -1.386e -007 6.667e -008 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 B1 21 -1.386e -007 -1.386e -007 6.667e -008 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 B1 31 -1.386e -007 -1.386e -007 9.340e -009 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 Bl1 41 -1.386e -007 -1.386e -007 9.340e -009 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 B151 -1.386e -007 -1.386e -007 -4.799e -008 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 B1 61 -1.386e -007 -1.386e -007 -4.799e -008 1.106e+005 1.106e+005 -9.401e+ 004 -1.699 -007
1 1 B171 -1.386e -007 -1.386e -007 -1.053e -007 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 B181 -1.386e -007 -1.386e -007 -1.053e -007 1.106e+005 1.106e+005 -9.401e+004 -1.699e - 007
1 1 B191 -1.386e -007 -1.386e -007 -1.627e -007 1.106e+005 1.106e+005 -9.401e+004 -1.699% -007
1 1 B110 1 -1.386e -007 -1.386e -007 -1.627e -007 1.106e+005 1.106e+005 -9.401e+004 -1.699% -007
1 1 B111 1 -1.386e -007 -1.386e -007 -2.200e - 007 1.106e+005 1.106e+005 -9.401e+004 -1.699% - 007
1 1 B112 1 -1.386e -007 -1.386e -007 -2.200e - 007 1.106e+005 1.106e+005 -9.401e+004 -1.699% - 007
1 1 B113 1 -1.386e -007 -1.386e -007 -2.773e -007 1.106e+005 1.106e+005 -9.401e+00 4 -1.699% -007
1 1 B114 1 -1.386e -007 -1.386e -007 -2.773e -007 1.106e+005 1.106e+005 -9.401e+004 -1.699% -007
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
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
1 1 B231 1.265e -007 1.265e -007 2.200e -007 1.106e+005 1.106e+005 -9.401e+004 1.699e -007
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
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
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
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
1 1 B2 8 1 1.265e -007 1.265e -007 1.053e -007 1.106e+005 1.106e+005 -9.401e+004 1.699% -007
1 1 B2 9 1 1.265e -007 1.265e -007 4.799e -008 1.106e+005 1.106e+005 -9.401e+004 1.699% -007
1 1 B210 1 1. 265e-007 1.265e -007 4.799e -008 1.106e+005 1.106e+005 -9.401e+004 1.699% -007
1 1 B211 1 1.265e -007 1.265e -007 -9.340e -009 1.106e+005 1.106e+005 -9.401e+004 1.699% -007
1 1 B212 1 1.265e -007 1.265e -007 -9.340e -009 1.106e+005 1.106e+005 -9.401e+004 1.699% -007
1 1 B213 1 1.265e -007 1.265e -007 -6.667e -008 1.106e+005 1.106e+005 - 9.401e+004 1.699e - 007
1 1 B214 1 1.265e -007 1.265e -007 -6.667e -008 1.106e+005 1.106e+005 -9.401e+004 1.699% -007
1 1 B411 -1.265e -007 -1.265e -007 2.773e -007 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B421 -1.265e -007 -1.265e -007 2.773e -007 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B431 -1.2 65e-007 -1.265e -007 2.200e -007 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B4 41 -1.265e -007 -1.265e -007 2.200e -007 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B451 -1.265e -007 -1.265e -007 1.627e -007 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B4 61 -1.265e -007 -1.265e -007 1.627e -007 -1.106e+005 1.106e+005 9.401e+004 1 .699e - 007
1 1 B4 71 -1.265e -007 -1.265e -007 1.053e -007 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B4 81 -1.265e -007 -1.265e -007 1.053e -007 -1.106e+005 1.106e+005 9.401e+004 1.699e -007
1 1 B4 91 -1.265e -007 -1.265e -007 4.799e -008 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B410 1 -1.265 e-007 -1.265e -007 4.799e -008 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B411 1 -1.265e -007 -1.265e -007 -9.340e -009 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B412 1 -1.265e -007 -1.265e -007 -9.340e -009 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B413 1 -1.265e -007 -1.265e -007 -6.667e -008 -1.106e+005 1.106e+005 9.401e+004 1.6 99e- 007
1 1 B414 1 -1.265e -007 -1.265e -007 -6.667e -008 -1.106e+005 1.106e+005 9.401e+004 1.699% -007
1 1 B511 -5.545e -021 -5.545e -021 1.090e+005 - 5.2 36e+004 1.209e+005 -4.845e -005 -3.593e -007
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
1 1 B5 21 -5.545e -021 -5.545e -021 1.090e+005 5.236e+004 1.209e+005 -4.845e -005 -3.593e -007
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
1 1 B531 -5.545e -021 -5.545e -021 -1.437e -006 -5.236e+004 5.236e+004 -4.845e -005 -3.593e - 007
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
1 1 B5 41 -5.545e -021 -5.545e -021 -1.437e -006 5.236e+004 5.236e+004 -4.845e -005 -3.593e - 007
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
1 1 B551 -5.545e -021 -5.545e -021 -1.090e+005 - 5.236e+004 1.209e+005 -4.845e -005 -3.593e - 007
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
1 1 B56 1 -5.545e -021 -5.545e -021 -1.090e+005 5.236e+004 1.209e+005 -4.845e -005 -3.593e - 007
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
1 1 B6 11 -7.236e -021 -7.236e -021 1.090e+005 - 5.236e+004 1.209e+005 -8.744e -005 -3.593 e-007
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 1 B6 21 -7.236e -021 -7.236e -021 1.090e+005 5.236e +004 1.209e+005 -8.744e -005 -3.593e -007
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 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
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 1 B6 41 -7.236e -021 -7.236e -021 -1.437e -006 5.236e+004 5.236e+004 -8.744e -005 -3.593e -007
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 1 B6 51 -7.236e -021 -7.236e -021 -1.090e+005 - 5.236e+004 1.209e+005 -8.744e -005 -3.593e -007
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 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
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

= 4 4 -4 -

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

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

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis

9.401e+004 0.

9.401e+004 0.90

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis

9.401e+004 0.906

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 r

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 re

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resi
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis

9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis
9.401e+004 0.906 resis

4.845e - 005
3.710e - 005
4.845e - 005
3.710e  -005
4.845e - 005
3.710e  -005
4.845e - 005
3.710e  -005
4.845e - 005
3.710e  -005
4.845e - 005
3.710e  -005
8.744e  -005
1.022e -004
8.744e  -005
1.022e -004
8.744e  -005
1.022e -004
8.744e  -005
1.022e -004
8.744e  -005
1.022e -004
8.744e  -005
1.022e -004

0.990 resis
0.990
0.990 resis
0.990
0.429 resis
0.429
0.429
0.429 resis
0.990 resis
0.990
0.990 resis
0.990

0.990 resis
0.990
0.990 resis
0.990
0.429 resis
0.429
0.429
0.429 resis
0.990 resis
0.990
0.990 resis
0.990

6 resis

resis

esis

sis

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

CSE: worked examples i validation (part B)
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1 MB: sum of Mu and Mv
1 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 (Fyv gq) and design resistance (Fy rq):
a,f A

v 'ub

w2

I:v, Rd

gz is equal to 1.25; resisting area for shear is the total one; a,=0.6 (see following abstract
from EN 1993-1-8: 2005).

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

_ 0.6Q2000254.5

" =1.22140°N
~ 1.25

CSE computes the following data, that are the same:

Id Class Dia DiaH Sec Full Precision Area Ares Viim NIlim Nini

B3 109 18.0 20.0 1 yes not 2.545e+002 1.920e+002 1.221e+005 1.382e+005 0.000e+000
Bl 109 18.0 20.0 1 yes not 2.545e+002 1.920e+002 1.221e+005 1.382e+005 0.000e+000

B2 109 180 20.0 1 yes not 2.545e+002 1.920e+002 1.221e+005 1.382e+005 0.000e+000

B4 109 180 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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Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension
Failure mode Bolis Rivets
Shear resistance pershear | a, fuw 4 Fooum 0.6 fir 4o
lﬂﬂE v.Rd — wRd —
P Yz Yz

- where the shear plane passes through the
threaded portion of the bolt (A 1s the tensile stress
area of the bolt A:):
- for classes 4.6, 5.6 and 8.8:
a, =0.6
- for classes 4.8, 5.8, 6.8 and 10.9:
=103
- where the shear plane passes through the
unthreaded portion of the bolt (4 1s the gross cross
section of the bolt): «, =0.6

Figure B-21 Abstract from EN 1993 -1-8: 2005: bolts design res istance

Bolts of layouts B1l, B2, B3 and B4 are subject to the same force, equal to
1.106E+05N; utilization facto is equal to:

F e _1.106Q0°N

Frg 1221Q0°N
Internal actions in bolts at different pl anes, exploitations
Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl cause
1 1 B141 -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 -5.9864x10"Nmm) 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.
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Figure B-22

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

Shear is equal to:

_ 5.9860" Nmm/ 2

Jo =4 *56.6% + 2 * 24.5% = 1.401*10"mm?

A6.6mm

S1mm

aIm

0 O

Figure B-23

b=

g
598000 M2 oy o 1 200A0°N for external bolts

1.40140*mnt

b —

1.401Q0" mnt

These forces are the same computed by CSE:

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt

PRERRPRPREPRER

PRrRRERPRRPRER

B5
B5
B5
B5
B5
B5
B5
B5
B5

OBEDWWNNRE R

RPNRNRNRNR

6.050e

6.050e

6.050e

6.050e

- 5.545¢e

- 5.545¢e

- 5.545¢e

- 5.545¢e

- 5.545¢e

CSE: worked examples i validation (part B)

NB

-021
-021
-021
-021
-021
-021
-021
-021
-021

NTB

- 5.545e
6.050e

- 5.545e
6.050e

- 5.545e
6.050e

- 5.545e
6.050e

- 5.5645e

TuB

-021
-021
-021
-021
-021
-021
-021
-021
-021

TvB TB MuB MvB MB

1.090e+ 005 -5.236e+004
-1.090e+005 5.236e+004 1.209e+005
1.090e+005 5.236e+004 1.209e+005
-1.090e+005 - 5.236e+004 1.209e+005
-1.437e -006 -5.236e+004
1.437e -006 5.236e+004 5.236e+004
-1.437e - 006 5.236e+004 5.236e+004
1.437e -006 -5.236e+004 5.236e+004
-1.090e+005 - 5.236e+004 1.209e+005

38

1.209e+005

5.236e+004

Expl cause

- 4.845e
-3.710e
- 4.845e
-3.710e
- 4.845e
-3.710e
- 4.845e
-3.710e
-4.845e

- 005
- 005
- 005
- 005
- 005
- 005
- 005
- 005
- 005

www.steelchecks.com

-3.593e
-3.593e
-3.593e
-3.593e
-3.593e
-3.593e
-3.593e
-3.593e
-3.593e

info@steelchecks.com

-007
-007
-007
-007
-007
-007
-007
-007
-007

@24.5mm=5.234A0*N for central bolts

4.845e
3.710e
4.845e
3.710e
4.845e
3.710e
4.845e
3.710e
4.845e

- 005
- 005
- 005
- 005
- 005
- 005
- 005
- 005
- 005

0.990 resis
0.990
0.990 resis
0.990
0.429 resis
0.429
0.429
0.429 resis
0.990 resis
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B5 5 2 6.050e -021 6.050e -021 1.090e+005 5.236e+004 1.209e+005 -3.710e
1 1 B561 -5.545e -021 -5.545e -021 -1.090e+005 5.236e+004 1.209e+005 - 4.845e
1 1 B5 6 2 6.050e -021 6.050e -021 1.090e+005 - 5.236e+004 1.209e+005 -3.710e
1 1 B611 -7.236e -021 -7.236e -021 1.090e+005 - 5.236e+004 1.209e+005 - 8.744e
1 1 B6 1 2 6.991e -021 6.991e -021 -1.090e+005 5.236e+004 1.209e+005 -1.022e
1 1 B6 21 -7.236e -021 -7.236e -021 1.090e+005 5.236e+004 1.209e+005 -8.744e
1 1 B6 2 2 6.991e -021 6.991e -021 -1.090e+005 - 5.236e+004 1.209e+005 -1.022e
1 1 B6 3 1 -7.236e -021 -7.236e -021 -1.437e -006 -5.236e+004 5.236e+004 -8.744e
1 1 B6 3 2 6.991e -021 6.991e -021 1.437e -006 5.236e+004 5.236e+004 -1.022e
1 1 B6 41 -7.236e -021 -7.236e -021 -1.437e -006 5.236e+004 5.236e+004 -8.744e
1 1 B6 4 2 6.991e -021 6.991e -021 1.437e -006 -5.236e+004 5.236e+004 -1.022e
1 1 B6 51 -7.236e -021 -7.236e -021 -1.090e+005 - 5.236e+004 1.209e+005 -8.744e
1 1 B6 5 2 6.991e -021 6.991e -021 1.090e+005 5.236e+004 1.209e+005 -1.022e
1 1 B6 6 1 -7.236e -021 -7.236e -021 -1.090e+005 5.236e+004 1.209e+005 -8.744e
1 1 B6 6 2 6. 991e-021 6.991e -021 1.090e+005 - 5.236e+004 1.209e+005 -1.022e

Consider, for example, bolt number 3 of layout
5.234*10N/1.221*10°N=0.429, as computed by CSE.

Now consider bolt bearing. The check according to
following formula.

-005 -3.593e -007 3.710e -005 0.990
-005 -3.593e -007 4.845e -005 0.990r esis
-005 -3.593e -007 3.710e -005 0.990
-005 -3.593e -007 8.744e  -005 0.990 resis
-004 -3.593e -007 1.022e -004 0.990
-005 -3.593e -007 8.744e -005 0.990 resis
-004 -3.593e -007 1.022e -004 0.990
-005 -3.593e -007 8.744e -005 0.429 resis
-004 -3.593e -007 1.022e -004 0.429
-005 -3.593e -007 8.744e -005 0.429
-004 -3.593e -007 1.022e -004 0.429 resis
-005 -3.593e -007 8.744e -005 0.990 resis
-004 -3.593e -007 1.022e -004 0.990
-005 -3.593e -007 8.744e -005 0.990 resis
-004 -3.593e -007 1.022e -004 0.990

B5. Its utilization factor is

EN1993-1-8 is given by the

13,2), 3)

kya, f,dt
¥ a2

Bearing resistance Fov =
bRd =

f.u

where y 1s the smallest of g

in the direction of load transfer:

e

- for end bolts: = —

- for edge bolts: Iy

- for imner bolts: )

22 o 1.0:

for inner bolts: wy = % —
perpendicular to the direction of load transfer:

1s the smallest of 2.8

15 the smallest of 1.4 P2 —17 or2.5

&,
= —17 or25

0

i

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

Distances e, e;, p1 and p; are defined in the following schemes.
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EN 1993-1-8 : 2005 (E)
P, e L ppz12dy
L 2244
—b - _¢ _4} =2
b P O Q. -a; [
2 —1 O ;“ {'j) ! ——
—+-—-—+ LLL P
S:agger'ga' Rows of fasteners
a) Symbols for spacing of fasteners b) Symbols for staggered spacing
F——p A
4 1— -4 - -
_— -— 'y T P
_d)_ _¢_ _¢_ 22— - - — - ——
- —_—
p=l4tand<200mm  pr< 14 tand € 200 mm pro< 14 tand < 200mm  p;;< 28 tand < 400 mm
I outer row 2 inner row

Figure B-25 Abstract from EN 1993 -1-8: 2005: distances e, €5, 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.

N

Figure B-26
Bolt bearing check requires a |l ong computat
bolt and validate it accurately. For example, we can choose one of most loaded bolts (for
web | ayout they are upper and | ower bwdbt s) an
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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:

_5.9868 10'Nmm

F=—1t3ag= 3 51Imm=2.179% 10°N
7, 1408 10°'mnf
\/
F = M5 g2 298C LONMM, 5 ) 5 m=1.0473 16N
J 14083 10°'mnt

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.

=+ U

O]

O
O

B4

0Lg 0°1G

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

Fx 2,179E+05 Fy 1,047E+05
Fb.Rrdx 6,043E+04 Fbrdy 5,919E+04
Ky 1,87 ky 1,73
2,8e,/dy-1,7 5,23 2,8e,/dp-1,7 5,23
1,4p,/do-1,7 1,87 1,4p,/de-1,7 1,73
25 2,5
ap 0,566666667 ap 0,600
aq 0,825 ay 0,825
fun/fu 2,78 fun/fu 2,78
p1/3dy-0,25 0,57 p1/3dy-0,25 0,60
1 1
fu 360 fu 360
d 18 d 18
do 20 do 20
t 11 t 11
e;=min(ey,e,) 49,5 e;=min(ey,e,) 49,5
e,=min(ey,e,) 49,5 e,=min(ey,e,) 49,5
p1 49 p1 51

CSE: worked examples i validation (part B)
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P2 51 P2 49
expl x 3,606 exply 1,769
EXPL=|4,017

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

Let 6 s cFgraxandtFgrgy Step by step, and then the utilization factor.

ka, f,dt
Fb.Rd,x =_1"b u-"
Gu2

a, =min(a; %; 1.0)

u

f,p _ 100ON/mn¥ _
f,  360N/mnt

a, :min{i;ﬂ- O,25)=min(49'5mm 49mm

2.78

- 0,283 =0.57 for endbolts

3d, ' 3d, 3Q20mm 3&20mm
a,=a, =057
k, = min(2.8i - 1.7, 1.4& - 1.7,2.5) foredgebolts
d, d,
28% 17=28%9MM 1 7-553505
d, 20mm

142 17-187
dO
k =187
_ka,fdt _1.87®.57G60N/mntf A8mmAImm
Fb,Rd,x - -
G 1.25

expl. = F. _2179Q0°N
* Forix 0.60Q0N

=0.6043Q0°N

=3.606

e kayfdt
T G,
a, =min(a,; %; 1.0)

., _ 100N/ mn¥ _
f,  360N/mnf
a, = min{i;ﬁ - 0295 = min(4?'5mm, E?.Jmm

3d, 3d, 3Q@0mm 3Q0mm
_ € _ 495mm
~ 3, 3&0omm

2.78

- 0,283 =0.60 for endbolts

=0.60 for endbolts

dq
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a,=a, =0.60
k, = min(2.8i - 1.7, 1.4& - 1.7,2.5) foredgebolts
d, d,
28% _17=2849MM 1 7_573505
d, 20mm

1.4% -17=173

0

k =173
o klfa; f,dt _ 173D (sooceaorxlllzn;m2 AsmmAIMM_ oo 0m 5y
M2 .

F, _1047Q0N
Forey 0.59QC°N

expl, = =1.769

Total utilization is:
expl=/expl +expl’ =4.017

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  SigmaM Expl
( N/'mmz2)  ( N/ mm?)

1 1 ml B5 1 2 1221.4 30 4.0 4.018 1!
1 1 m2 B6 2 2 1221.4 304.0 4.01811!

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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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

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:
1 Bolts number (np)
f Bolts radius raised to the 4th power (r,")

It is inversely proportional to:

1 Cubed bolts net length (1)

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 (Vy). Total
applied moment (M) is compared to the part carried by flanges bolt layout (My):

Mf/ Mtot
M; is equal to:
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Mi=2*Vi*h/2=2%*V;*150 = V; * 300

where V; 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) Moadification of bolts number on flanges; web bolt layouts not modified (models:
Validation_ SP_1 1 001.CSE A 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).

1,2

1’0 0 O O - - L

0,8 e

2
E 0,6
=
0,4
0,2 :
—e—\arying bolt rows on flanges
—=— Total applied moment
0,0 T T T T T T 1

1 2 3 4 5 6 7 8
rows of bolts on flanges

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.

12

1,0 = | ] ] = ™
0,8

N /

0,4 /

0,2

Ms / Mot

—e—arying diameter on flanges

—=— total applied moment
0,0 T T T T T T T T T T T 1
7 8 9 10 11 12 13 14 15 16 17 18 19

flanges bolts diameter [mm]

3) Moadification 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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1,2
0,8
2
E 0,6
=
0,4
0,2
—e—arying diameter on web
—=— total applied moment
0,0 T T T T T T T T T T T 1
7 8 9 10 11 12 13 14 15 16 17 18 19
web bolts diameter [mm]

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.

' Eolt layout input = E e

Bolts Arrangement

M18-10.9F & Regular " Circular ‘ ‘

" Staggered  Free
_Change..| [ Emptyinsids

Reqular, staggered or circular amangement

Guantity Distances
U ﬂﬂuws S0 ﬂ Rows

| || =
2 = Columns 183 = Columns E

Free anangement

| | L~
JJBult JJY

Center offsst Base information

|n_ j D 3 Net length o 2
200 j Dy 19 Mirimum thickness | - | - o o
’U_j ange ! 1 Multiplicity ‘ o o
¥ Shear anly bols [ Flsibiity index @ ©
™ Compressed bols @ @

o o

[~ Slip resistant Friction data. ) a5
- - L

I s an anchar Anchor data.

™ Use bearing surtace Bearing data... PANY

™ Use bolt net-area for bearing calculation ) ) R R
I #4dd inertia of bolts in bearing caleulation o = 1 S face _bearing — |—
™ Check black tear Block Tear. Z00M PANK

1. 128
Limit values of elementary actions
1335360 N N j Fant size Frint. | Copy ‘ Fill ‘ Hexagons |
1710021.71 N W Plastic:
17880611609 Nmm Mz I Do not print messages

oK Cancel | se |

Figure B-29 Dialog box: bolt layout modification
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&7 Bolt layout input (=] s
Bolts Arrangement
M18-10.9F * Regular " Circular
" Staggered ¢ Free
Ehargs T I Emply inside
Regular, staggered or circular anangement
Guantity Distances
7 ﬂ Bolt choice &J
=1
|
Biolt
Free amanger
+ EURO-HE
" INDIAN-HEX, M18-10.9F
€ AMERICAN-HE: '
Center offset
" EURO-HEX-HSFG
0 3 |
=l " INDIAN-HEX-HSFG
B € AMERICANHEXHS
0 |
1=l 109 v | Class
¥ Shear on ME =] Dismete
™ Campres: 118 a
" Mzl
[ Slip resist iM22
™ 15 an ancl
™ Use bear
B/ Wk Hole HE: hessgon; HSF high stiength riction orp: HS high strength i
I S et & Noml » l—.
I Check bl . AN
recision Cancel
Limit values of
1935360 o | ‘ Hexagons
1710031.71 N W Flastic
17880611609 Nmm Mz I™ Do ot print messages
i3 Carcel | s |

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:

) Af,
V = 0o & o =126 =77222N

V3

with f, = 235N/mm? and

A =A- 2ot, +(t, +2r)®, =4743nnt

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
B3 1 1 1 1.8062e - 006
B3 1 1 2 -1.8062e - 006
B1 1 1 1 1.8062e - 006
B1 1 1 2 -1.8062e - 006
B2 1 1 1 -1.8062e - 006
B2 1 1 2 1.8062e - 006
B4 1 1 1 -1.8062e - 006
B4 1 1 2 1.8062 - 006
B5 1 1 1 4.7923e - 008
B5 1 1 2 -9.5845e - 008
B5 1 1 3 4.7923e - 008
B6 1 1 1 4.7923e - 008
B6 1 1 2 -9.5845e - 008
B6 1 1 3 4.7923e - 008

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

mo d e | are Ash

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

- 3.4619e -004
3.4619e - 004
3.4629e - 004
- 3.4629e - 004
3.4619e -004
- 3.4619e - 004
- 3.4629% - 004
3.4629e -004
- 3.8610e+005
7.7219e+005

- 3.8610e+005

3.8610e+005
- 7.7219e+005

3.8610e+005

Fz Mx My Mz
1.4133e+001 2.8267+003 -1.5149 -
-1.4133e+001 - 2.8267e+003 - 2.0072e -
-1.4133e+001 -2.8267e+003 - 1.514% -
1.4133e+001 2.8267¢+003 -2.0072e -
-1.4134e+0 01 2.8267e+003 1.5149e
1.4134e+001 - 2.8267e+003 2.0072e
1.4134e+001 - 2.8267e+003 1.5149

- 1.4134e+001 2.8267e+003 2.0072e

-2.4005e -011 -2.2201e+006 -2.7556e -

4.8009e -011 -2.1144e -005 2.1165e
-2.4005e -011 2.2201e+006 2.7556e

-2.3641e - 011 2.2201e+006 - 2.7556e -
4.7282e -011 5.4767e -004 -2.186le -

-2.3641e -011 -2.2201e+006 2.7556e

ear onlyo.

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

- 3.6124e
3.6124e
- 3.6124e
3.6124e
- 3.6124e
3.6124e
- 3.6124e
3.6124e

- 004
- 004
- 004
- 004
- 004
- 004
- 004
- 004

- 2.8571e+007
5.7142e+007
- 2.8571e+007
2.8571e+007
- 5.7142e+007
2.8571e+007

M6 T*b=772190N * 74mm = 5.714*10’Nmm.

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 (M don the layout
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49

www.steelchecks.com info@steelchecks.com



HC ST

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.

P
v P
®T

IRCRURS
WRSRS
<
&

Figure B-32

Resulting shear force is higher on bolts were the components have the same
drection. Now we are going to compute those
CSE values. The following formula defines the resultant force on each bolt:

_ \/(Vv,i +Vy ,i,y)2 +Vl\i,i,x
2

R

where

R; is the resultant force on each bolt.
Vv is the force due to total shear divided by bolts number: Vy ;=V/6=1.287e+05N

Vi is the component due to moment of transport M it is divided into x-direction and y-
direction forces).

Polar inertia moment of the layout is equal to
Jp =4 *56.6% + 2 * 24.5% = 1.401*10"mm?

According to distances shown in Figure B-27, we have:

L} < 7
V=g = 240N 5= 2 08000 N
M3, 1.401Q0' mnf
1 < Yall
v, =My 571400 NMMey ) o - 0.99300¢ N

Yy T 4010  mnd

p
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For central bolts (d=24.5mm) Vi is null and Vy;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:

(VI6 + Viy) / 2 = (1.287*10°N + 9.9927*10°N) / 2 = 1.143*10°N
(VI6 - Vwmiy) / 2 = (1.287*10°N i 9.9927*10"N) / 2 = 1.439*10°N

For the other bolts (dx=24.5mm, dy=51mm) Vuix is equal to 2.080e+05N; Vyiy 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:

%\/ Vi6+v, F+vz, = %\/ (1.287A0° N +9.99300° N )’ +2.08000° N =1.54510° N

or %\/ Vi6-v, F+v2, = %J (1.287A0°N - 9.99300° N’ +2.08000°N =1.05020° N

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 B511 -4.001le -012 -4.00le -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 4.00le -012 4.00le -012 1.040e+005 1.437e+004 1.050e+005 1.609e+004 1.997e -009 1.609e+004 0.860
1 1 B521 -4.001le -012 -4.00le -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 4.00le -012 4.00le -012 1.040e+005 1.143e+005 1.546e+005 1.609e+004 1.997e -009 1.609e+004 1.266  ***
1 1 B531 -4.001e -012 -4.00le -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 4.00le -012 4.00le -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 41 -4.001le -012 -4.00le -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 4.00le -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 B551 -4.00le -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 4.00le -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 B56 1 -4.00le -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 4.00le -012 4.001e -012 -1.040e+005 1.143e +005 1.546e+005 1.609e+004 1.997e -009 1.609e+004 1.266 il
1 1 B6 11 -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 21 -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 il
1 1 B6 31 -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 41 -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 51 -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 61 -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 B 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 1B321 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 2.081le -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 2.081le -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 91 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 B111 - 1.010e+000 - 1.010e+000 -8.165e - 008 2.486e -005 2.486e -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B121 - 1.010e+000 - 1.010e+000 -8.165e - 008 2.46le -005 2.46le -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B131 - 1.010e+000 - 1.010e+000 -1.143e - 008 2.486e -005 2.486e -005 -2.019e+002 2.081le -007 2.019e+002 0.000 res is
1 1 B1 41 - 1.010e+000 - 1.010e+000 -1.143e - 008 2.46le -005 2.46le -005 -2.019e+002 2.081e -007 2.019e+002 0.000 resis
1 1 B151 - 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 61 - 1.010e+000 -1.010e+000 5.879e -008 2.46le -005 2.46le -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B171 - 1.010e+000 -1.010e+000 1.290e - 007 2.486e -005 2.486e -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B181 - 1.010e+000 -1.010e+000 1.290e -007 2.46le -005 2.46le -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B191 -1.0 10e+000 - 1.010e+000 1.992e -007 2.486e -005 2.486e -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B110 1 - 1.010e+000 -1.010e+000 1.992e -007 2.46le -005 2.46le -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B111 1 - 1.010e+000 -1.010e+000 2.695e -007 2.486e -005 2.486e -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B112 1 - 1.010e+000 -1.010e+000 2.695e -007 2.46le -005 2.46le -005 -2.019e+002 2 .08le -007 2.019e+002 0.000 resis
1 1 B113 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 B114 1 - 1.010e+000 -1.010e+000 3.397e -007 2. 46le-005 2.46le -005 -2.019e+002 2.081le -007 2.019e+002 0.000 resis
1 1 B211 - 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 B221 -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 B231 - 1.010e+000 - 1.010e+000 -2.695e - 007 2.486e -005 2.486e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B2 41 - 1.010e+000 - 1.010e+000 -2.695e - 007 2.460e -005 2.460e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B251 - 1.010e+000 - 1.010e+000 -1.992e -007 2.486e -005 2.486e -005 2.019e+002 -2.081le-007 2.019e+002 0.000 resis
1 1 B26 1 - 1.010e+000 - 1.010e+000 -1.992e -007 2.460e -005 2.460e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B271 - 1.010e+000 - 1.010e+000 -1.290e -007 2.4 86e-005 2.486e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B28 1 - 1.010e+000 - 1.010e+000 -1.290e - 007 2.460e -005 2.460e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B291 -1.010e +000 - 1.010e+000 -5.879e - 008 2.486e -005 2.486e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B210 1 - 1.010e+000 - 1.010e+000 -5.879e - 008 2.460e -005 2.460e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B211 1 - 1.010e+000 -1.010e+000 1.143e -008 2.486e -005 2.486e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B212 1 - 1.010e+000 -1.010e+000 1.143e -008 2.460e -005 2.460e -005 2.019e+002 -2.08 le-007 2.019e+002 0.000 resis
1 1 B213 1 - 1.010e+000 - 1.010e+000 8.165e -008 2.486e -005 2.486e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B214 1 - 1.010e+000 -1.010e+000 8.165e -008 2.460 e-005 2.460e -005 2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B4 1 1 1.010e+000 1.010e+000 -3.397e -007 -2.46le -005 2.46le -005 -2.019e+002 -2.08le -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 -2.08le -007 2.019e+002 0.000 resis
1 1 B4 3 1 1.010e+000 1.010e+000 -2.695e - 007 -246le -005 2.46le -005 -2.019e+002 -2.08le -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 -2.08le -007 2.019e+002 0.000 resis
1 1 B4 5 1 1.010e+000 1.010e+000 -1.992e -007 -2.46le -005 2.46le -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 -2.08le -007 2.019e+002 0.000 resis
1 1 B4 7 1 1.010e+000 1.010e+000 -1.290e - 007 -2.46le -005 2.46le -005 -2.019e+002 -2.08le -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 -2.08le -007 2.019e+002 0.000 resis
1 1 B4 9 1 1.010e+00 0 1.010e+000 -5.879e - 008 -246le -005 2.46le -005 -2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B410 1 1.010e+000 1.010e+000 -5.879e - 008 -2.486e -005 2.486e -005 -2.019e+002 -2.08le -007 2.019e+002 0.000 resis
1 1 B4 11 1 1.010e+000 1.010e+000 1.143e -008 -246le -005 2.46le -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 -2.46le -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
A
Letbés choose a bolt of | ayout B6, for exampl e

Re/ Fyrd= 1.546*10°N / 1.221*10°N = 1.266

CSE computes the same value (Fy rq Was computed in B.2.1.2)

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cause
1 1 B6 61 -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 |

the same condition). Flangesbol t s ar e not | oaded,; |l et 6s consi
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:

Fi= Vmix = 2.080*10°N

Fy= V/6 + Vyiy = 1.287*10°N + 9.993*10"N = 2.286*10°N
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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
Fp.rdx 6,043E+04 Fo.Rrdy 5,919E+04
Kk, 1,87 Ky 1,73
2,8e,/dy-1,7 5,23 2,8e,/dq-1,7 5,23
1,4p,/dg-1,7 1,87 1,4p,/do-1,7 1,73
2,5 2,5
ap 0,566666667 ap 0,600
aq 0,825 ag 0,825
fun/fy 2,78 funlfu 2,78
p1/3dy-0,25 0,57 p1/3d,-0,25 0,60
1 1
fu 360 fu 360
d 18 d 18
do 20 do 20
t 11 t 11
e;=min(ey,e,) 49,5 e 49,5
e,=min(ey,e,) 49,5 e, 49,5
pP1 49 o] 51
P2 51 P2 49
expl x 3,442 exply 3,863
EXPL=|5,174

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

expl=,/expl +expl; =5.174

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  SigmaM Expl
( N/mmz2)  ( N/ mm?)

1 1 ml B5 6 2 1561.4 301.7 5.175
1 1 m2 B6 2 2 1561.4 301 .7 5.175 n
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Figure B-33 Components utilization envelope

B.2.1.4 Axial force

Now |l et 6s check previous j oi nt behaviour
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:

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:Np| A Nmin :Np|/Ab/fyb:31.83 A 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 A=2*b*t=11400mm: the part of total plastic axial force carried by
flanges only is 3214800N, considering also the overstrength factor. 24.31 (A 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 A,=A-A:. It could be
able to carry a part of total axial force equal to 989256N (including overstrength). Needed
bolts are 7.48 A 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 wouldneed to add bolts on the web. Let 0s
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
Bl 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 2.0831le -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*10°N=2.1638*10°N (two flanges);
the load carried by the web bolt layout is 2.0403*10°N (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*10°N / 28 = 7.728*10"N

Now divide half* of web layout force by bolts number to find the force on each bolt:
2.0403*10°N / 6 /2 = 1.700*10°N

Dividing the force on each bolt by design resistance Fy rq (previously computed in B.2.1.2),
we get the following utilization factors:

flanges: 7.728*10°N / 1.221*10°N = 0.633 <1

web: 1.700*10°N / 1.221*10°N = 1.392 >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
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PRRERPRRERRPRERER
RPRRERRPRREPRRRPRER
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-?- NB NTB TuB
1.929% -011 1.929e -011
1.929% -011 1.929e -011
1.929% -011 1929 e-011
1.929% -011 1.929e -011
1 1.929% -011 1.929e -011
1.929% -011 1.929e -011
1.929e -011 1.929e -011
1.929e -011 1.929e -011
1.929e -011 1.929e -011
1.929e -011 1.929e -011
1.929e -011 1.929e -011
12 1 1.929% -011 1.929e -011
1.929e -011 1.929e -011
1.929e -011 1.929e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
5 1 1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011
12 1 1.880e -011 1.880e -011
1.880e -011 1.880e -011
1.880e -011 1.880e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

51 -1.894e -011 -1.894e -011
-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

12 1 -1.894e -011 -1.894e -011
-1.894e -011 -1.894e -011

-1.894e -011 -1.894e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

51 -1.845e -011 -1.845e -011
-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

1 -1845e -011 -1.845e -011
-1.845e -011 -1.845e -011

-1.845e -011 -1.845e -011

-7.306e -011 -7.306e -011

-3.472e -011 -3.472e -011

-7.306e -011 -7.306e -011

-3.472e -011 -3.472e -011

1 -7.306e -011 -7.306e -011
-3.472e -011 -3.472e -011

-7.306e -011 -7.306e -011

-3.472e -011 -3.472e -011

-7.306e -011 -7.306e -011

-3.472e -011 -3.472e -011

-7.306e -011 -7.306e - 011

2 -3472 -011 -3.472e -011

3.469% -011 3.469% -011
7.308e -011 7.308e -011
3.469% -011 3.469% -011
7.308e -011 7.308e -011
3.469 -011 3.469% -011
7.308e -011 7.308e -011
3.469e -011 3.46% -011

7.308e -011 7.308e -011
3.469 -011 3.469 -011
7.308e -011 7.308e -011
3.469% -011 3.469 -011
7.308e -011 7.308e -011

TvB B MuB MvB MB  Expl cause
-3.518e - 009 7.728e+004 7.7 28e+004 - 1.932e+004 -2.858e -012 1.932e+004 0.633  resis
-3.518e - 009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
-2.349e - 009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
-2.349e - 009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
-1.180e - 009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
-1.180e - 009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.9 32e+004 0.633 resis
-1.143e - 011 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
-1.143e -011 7.728e+004 7.728 e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
1.157e -009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
1.157e -009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
2.326e  -009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
2.326e  -009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
3.495e  -009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932 e+004 0.633 resis
3.495e  -009 7.728e+004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
3517e -009 7.728e+004 7.728e +004 -1.932e+004 2.662e  -012 1.932e+004 0.633 resis
3.517e -009 7.728e+004 7.728e+004 -1.932e+004 2.662e  -012 1.932e+004 0.633 resis
2.348e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e  -012 1.932e+004 0.633 resis
2.348e  -009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
1.180e -009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
1.180e -009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e +004 0.633 resis
1.065e -011 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
1.065e -011 7.728e+004 7.728e+0 04 -1.932e+004 2.662e -012 1.932e+004 0.633resis
-1.158e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
-1.158e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
-2.327e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
-2.327e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
-3.496e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+0 04 0.633resis
-3.496e - 009 7.728e+004 7.728e+004 -1.932e+004 2.662e -012 1.932e+004 0.633resis
3.534e -009 -7.728e+004 7.728e+00 4 1.932e+004 2.662e -012 1.932e+004 0.633resis
3.534e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
2.360e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
2.360e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
1.185e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
1.185e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+00 4 0.633resis
1.065e -011 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
1.065e -011 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-1.164e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-1.164e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-2.338e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-2.338e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-3.513e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-3.513e -009 -7.728e+004 7.728e+004 1.932e+004 2.662e -012 1.932e+004 0.633 resis
-3.534e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-3.534e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-2.360e - 009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-2.360e - 009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-1.185e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-1.185e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-1.065e - 011 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
-1.065e - 011 -7.728e+004 7.728e+004 1 .932e+004 - 2.662e -012 1.932e+004 0.633 resis
1.164e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
1.1 64e-009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
2.338e  -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
2.338e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
3.513e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 O .633 resis
3.513e -009 -7.728e+004 7.728e+004 1.932e+004 -2.662e -012 1.932e+004 0.633 resis
1.700e+005 5.671e -008 1.700e+005 3. 913e- 009 4.251e+004 4.251e+004 1.392 resis !!!
- 1.700e+005 -5.671e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 n
1.70 0e+005 -8.80le -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
-1.700e+005 8.801e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 n
1.700e+005 5.671e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
- 1.700e+005 -5.671e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1. 392 n
1.700e+005 -8.801e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
-1.700e+005 8.801e -008 1.700e+005 3.91 3e-009 4.251e+004 4.251e+004 1.392 n
1.700e+005 5.671e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
-1.700e +005 -5.671e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 Il
1.700e+005 - 8.801e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392resis !t
-1.700e+005 8.801e -008 1.700e+005 3.913e -009 4.251e+004 4.251e+004 1.392 Il
1.700e+005 6.370e -008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.3 92 resis 11!
-1.700e+005 - 6.370e - 008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 !
1.700e+005 - 3.239%e - 008 1.700e+005 -3.913 e-009 4.251e+004 4.251e+004 1.392 resis !!!
-1.700e+005 3.239% -008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 !
1.700e+ 005 6.370e  -008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
-1.700e+005 - 6.370e - 008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 !
1.700e+005 - 3.239%e - 008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
-1.700e+005 3.239% -008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392
1.700e+005 6.370e - 008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
- 1.700e+005 - 6.370e -008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 n
1.700e+005 -3.239e -008 1.700e+005 -3.913e -009 4.251e+004 4.251e+004 1.392 resis !!!
-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
compute bolt beating for member web. All bolts are to be considered end/edge in the
direction parallel to load transfer (aq computation) since we have two columns only; in
normal direction (k; 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).

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

For inner bolts we have:

CSE: worked examples 1

Fx 3,400E+05
FpRrdx 6,043E+04
Kk, 1,87
2,8e,/dy-1,7 5,23
1,4p,/do-1,7 1,87
2,5
ap 0,566666667
aq 0,825
fun/fu 2,78
p1/3dy-0,25 0,57
1
fu 360
d 18
do 20
t 11
e;=min(ey,e,) 49,5
e,=min(ey,e,) 49,5
pP1 49
P2 51
expl x 5,627

validation (part B)

Fx 3,400E+05
Fb.rdx 6,043E+04
K1 1,87
1,4p,/do-1,7 1,87
2,5
ap 0,56666667
ay 0,825
fun/fu 2,78
p1/3dy-0,25 0,57
1
fu 360
d 18
do 20
t 11
e;=min(ey,e,) 49,5
e,=min(e,e,) 49,5
p1 49
57
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P2 51

expl x 5,627
To be on the safe side, el and e2 are assumed equal to minimum between el 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  SigmaM Expl
( N/'mmz2)  ( N/ mm?)

1 1 ml B5 1 2 1717.4 305.2 5.628 !
1 1 m2 B6 1 2 1717.4 305.2 5.628 !l

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.

i ]

8,92 January-11-2016 - sn;100101
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Figure B-34 Components utilization envelope

58

CSE: worked examples 1 validation (part B) www.steelchecks.com info@steelchecks.com



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.

M pl,z :Wpl,z3 fy3 gRD = 2.45%"‘ O8N

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 59052 -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
B1I 1 1 1 -6.6056e -005 -1.1188e - 008 4.6750e -022 -1.0908e - 007 5.9421e -004 -1.2232e+008
Bl 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 -1.275le - 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 -2.561le -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*10°Nmm to web bolt
layout. Total moment is equal to applied moment:

2*1.2232*108Nmm + 7.5203*10°Nmm = 2.454*10*Nmm

Bending in web bolt layouts? (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 (J,) 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:

T i=M2,

d

Note well: we are using fAshear onlyod bolts, so there i
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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 (Vy,;) depend on bolts distance d;;
utilization factor is also printed (Vpi/ Fy rg, S€€ B.2.1.2).

di[mm] Vi, [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*10" / 6 = 3.514*10°N

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 11 -3.37% -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 21 -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 31 -3.37% -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 41 -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 51 -3.37% -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 61 -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 71 -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 81 -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 B39 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 B310 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 B311 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 B312 1 -3.379e -023 -3.379%-023 -4.755e+004 4.351e+004 6.446e+004 1.998e -010 3.932e -006 3.932e -006 0.528 resis
1 1 B313 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 B314 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 3.339% -023 3.339e -023 -7.133e+004 4.351e+004 8.356e+004 1.998e -010 -4.739% -006 4.739e -006 0.684 resis
1 1 Bl 2 1 3.339% -023 3.339e -023 -7.133e+004 - 4.351e+004 8.356e+004 1.998e -010 -4.739% -006 4.739e -006 0.684 resis
1 1 Bl 3 1 3.33% -023 3.339e -023 -4.755e+004 4.351e+004 6 .446e+004 1.998e -010 -4.739% -006 4.739e -006 0.528 resis
1 1 Bl 4 1 333% -023 3.339e -023 -4.755e+004  -4.351e+004 6.446e+004 1.998e -010 -4.73% -006 4.739e -006 0.528 resis
1 1 Bl 5 1 333% -023 33 39e-023 -2.378e+004 4.351e+004 4.959e+004 1.998e -010 -4.73%e -006 4.739e -006 0.406 resis
1 1 Bl 6 1 333% -023 3.339e -023 -2.378e+004  -4.351e+004 4.959e+004 1.998e -010 -4.73%e -006 4.739e -006 0.406 resis
1 1 Bl 7 1 3.33% -023 3.339e -023 -4.718e -006 4.351e+004 4.351e+004 1.998e -010 -4.73% -006 4.739e -006 0.356 resis
1 1 Bl 8 1 333% -023 3.339e -023 -4.718e -006 -4.351e+004 4.351e+004 1.998e -010 -4.73%e -006 4 .739e -006 0.356 resis
1 1 Bl 9 1 333% -023 3.339e -023 2.378e+004 4.351e+004 4.959e+004 1.998e -010 -4.73%e -006 4.739e -006 0.406 resis
1 1 B110 1 3.33% -023 3.339e -023 2.378e+004 -4.351e+004 4.9 59e+004 1.998e -010 -4.739% -006 4.739e -006 0.406 resis
1 1 B111 1 3.33% -023 3.339e  -023 4.755e+004 4.351e+004 6.446e+004 1.998e -010 -4.73%e -006 4.739e -006 0.528 resis
1 1 B112 1 3.33% -023 3.339 e-023 4.755e+004 -4.351e+004 6.446e+004 1.998e -010 -4.73%e -006 4.739e -006 0.528 resis
1 1 B113 1 3.33% -023 3.339e -023 7.133e+004 4.351e+004 8.356e+004 1.998e -010 -4.73%e -006 4.739e -006 0.684 resis
1 1 B114 1 3.339% -023 3.339e -023 7.133e+004 -4.351e+004 8.356e+004 1.998e -010 -4.73%e -006 4.739e -006 0.684 resis
1 1 B2 1 1 3.378e -023 3.378¢e -023 -7.133e+004 4.351e+004 8.356e+004 -1.998e -010 2.671e -006 2. 67le-006 0.684 resis
1 1 B2 2 1 3.378e -023 3.378¢e -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 3.378¢e -023 -4.755e+004 4.351e+004 6.44 6e+004 -1.998e -010 2.671le -006 2.671e -006 0.528 resis
1 1 B2 4 1 3.378e -023 3.378¢e -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 3.378¢e -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 3.378¢e -023 -2.378e+004 - 4.351e+004 4.959e+004 -1.998e -010 2.671le -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 2.671le -006 2.671e -006 0.356 resis
1 1 B2 8 1 3.378e -023 3.378¢e -023 -3.558e -006 -4.351e+004 4.351e+004 -1.998e -010 2.671le -006 2.67 1le-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 2.671le -006 2.671e -006 0.406 resis
1 1 B210 1 3.378e -023 3.378e -023 2.378e+004 - 4.351e+004 4.959e +004 -1.998e -010 2.671e -006 2.67le -006 0.406 resis
1 1 B211 1 3.378e -023 3.378e -023 4.755e+004 4.351e+004 6.446e+004 -1.998e -010 2.671le -006 2.671e -006 0.528 resis
1 1 B212 1 3.378e -023 3.378¢e -023 4.755e+004 - 4.351e+004 6.446e+004 -1.998e -010 2.671le -006 2.671e -006 0.528 resis
1 1 B213 1 3.378e -023 3.378¢e -023 7.133e+004 4.351e+004 8.356e+004 -1.998e -010 2.671le -006 2.671e -006 0.684 resis
11 B2 14 1 3.378e -023 3.378e -023 7.133e+004 - 4.351e+004 8.356e+004 -1.998e -010 2.671e -006 2.67le -006 0.684 resis
1 1 B411 -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 B421 -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 B431 -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 41 -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 B451 -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 B461 -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
11 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 B481 -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 B491 -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 B410 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 B411 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 B412 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 B413 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 1B 414 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 B511 -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 2125e -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 B521 -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 2125e -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 B531 -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 2125 -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 BS 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 2125 -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 B551 -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 2125 -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 B56 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 2125 -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 213le -006 2.13le -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 12 -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 213le -006 2.13le -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 213le -006 2.13le -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 213le -006 2.13le -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 213le -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 B65 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 213le -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 B66 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.
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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

B3 1 1

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

1

NT

external

Now we are going to compute bolt bearing due to a inner bolt (most loaded inner bolt, see

TuT TVvT

MtT

-4.7302e -022 5.9052e

- 005

HT

MuT MvT

-1.1188e -008

1.2232e+008

2.7969e - 009 5.5054e

Figune B(3B).EO i n
External bolt AEO
Fx 4,351E+04 Fy 7,133E+04
Fp.rdx 1,512E+05 Fordy 1,555E+05
Ky 2,5 Ky 1,8
2,8e,/dq-1,7 5,3 2,8e,/dy-1,7 5,3
1,4p,/dy-1,7 11,11 1,4p,/dy-1,7 1,8
25 2,5
ap 0,583 ap 0,833
ay 0,833 aq 0,833
fun/fu 2,78 fun/fu 2,78
p1/3dg-0,25 0,58 p1/3dy-0,25 2,80
1 1
fu 360 fu 360
d 18 d 18
do 20 do 20
t 20 t 20
e;=min(e 1,e,) 50 e;=min(e 1,e,) 50
e,=min(e 1,e;) 50 e,=min(e 1,e,) 50
p1 50 p: 183
P2 183 P2 50
exply 0,288 exply 0,459
EXPL= {0,541

- 005

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

i | drigurenB-35).
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Note well: see B.2.1.2.1 for a detailed step-by-step computation of design resistance

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

HC ST

l nner bolt il
Fx 4,351E+04 Fy 4,755E+04
Fb.Rdx 2,592E+05 FbRrdy 1,512E+05
Ky 2,5 Ky 2,5
1,4p,ldo-1,7 11,11
2,8e,/dg-1,7 5,3 1,4p,/dy-1,7 11,11
25 2,5
ap 1,000 ap 0,583
aq (ext) ay (ext) 0,833
fun/fu 2,78 fun/fy 2,78
p1/3dq-0,25 2,80 p1/3dq-0,25 0,58
1 1
fu 360 fu 360
d 18 d 18
do 20 do 20
t 20 t 20
e;=min(e 1,e,) 50 e;=min(e 1,e,) 50
e,=min(e 1,e,) 50 e,=min(e 1,e,) 50
P1 183 P1 50
P2 50 P2 183
exply 0,168 expl, 0,314
EXPL=| 0,356

expl=./expl; +expl; =0.356

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

1
1

1
1

P2

P1
Bl

B3
14

Bolt Extr.

13
1 23

Sigma

1 232.1
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428.6
21
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0.541
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:

_ fy C2(‘btf @RD

Voo @ro = 7 =1.856000° N

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 (2bt;).

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*10°N.

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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Bl 1 1 1 9.2799e+005 6.5351e -012 2.0938e -021 6.3716e -011 -9.0479e+006 - 1.8560e+008
BT 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 -1.2799%e - 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).

SEHHLEHE

URURURUSURUR0

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 Vs , and Vue , greithe components parallel and normal to the applied shear:
Vme ,SM @p*dy,
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