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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
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Ju is the inertia moment per area about axis u: it is the sum of the square of the
distances from bolts to layout centre, along axis v.

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
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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).
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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
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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

CSE: worked examples i validation (part B)
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For the second components, force in the bolts depends on their distance from the
centre. First contribution is shown on the left in next figure; in the middle there is the
second contribution, on the right the sum of them.

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

50

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



HC ST

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.

55

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



CSE computes the same values.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt
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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

CSE® - by Gastalia sri - www castaliaweb com - ver

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

Model used is Validation_SP_1 4.CSE. Plastic moment of the cross-section about
weak axis, including a 1.2 overstrength factor, is.

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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( N/ mm?)

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
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Figure B-39 Resultant forces

Couples of bolts are subjected to the same force, given by the following formula:

V
R = \/(ﬁ-'-VM "X )2 +VM2',y,i

where Vs , and Vue , greithe components parallel and normal to the applied shear:

Vmo ,5M @p*dy,
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VM 0 :N mp*dx,i

Jp = 257211mm?is the polar inertia moment, previously computed in B.1.2.

————— Rows ——m

1 2 3 4 5 6 7

Column 1 OODOODO

Column 2 QOOOOQO

Figure B-40

According to distances shown in previous paragraphs and according to bolts
division in bolts and columns (Figure B-40) we have the same forces acting on bolts
(Newton). Note that Vs . gan be oriented like V/14 or opposite to it. Flanges bolt layout are

all in the same condition, of course.

1 2 3 4 5 6 7
Col 1 7.823E+04 | 6.629E+04 | 7.261E+04 | 9.356E+04 | 1.218E+05 | 1.534E+05 | 1.866E+05
Col 2 7.823E+04 | 6.629E+04 | 7.261E+04 | 9.356E+04 | 1.218E+05 | 1.534E+05 | 1.866E+05

Dividing previous table forces by previously computed Fy,gq=1.221*10°N we get the
following utilization factors.

1 2 3 4 5 6 7
Col 1 0.640 0.543 0.594 0.766 0.997 1.256 1.528
Col 2 0.640 0.543 0.594 0.766 0.997 1.256 1.528
Letbébs compute step by step the wutilizatior

column 17 row 1). Before doing that, we can see that CSE results are equal to previous
computations.

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 11 -1.496e -022 -1.496e -022 4.195e+004 - 6.602e+004 7.822e+004 5.140 e-014 -1.657e+004 1.657e+004 0.640 resis
1 1 B3 21 -1.496e -022 -1.496e -022 4.195e+004 6.602e+004 7.822e+004 5.140e -014 -1.657e+004 1.657e+004 0.640 resis
1 1 B3 31 -1.496e -022 -1.496e -022 5.873e+ 003 -6.602e+004 6.628e+004 5.140e -014 -1.657e+004 1.657e+004 0.548 resis
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PRRPRPRRPRPRPRPRPRERRPRPRERRE RPREPRPRRPRRERERPRRERERRERE RPRRERPRRPRRERERRRERRERRRE PRRERRERPRRERRERR

PRRERPRPRRRERPRPRERREE

PRRRPRRRERRPRRRERER

PRRPRRPRPEPRPRRPRRRERPRRRE RPRPRRRPEPRPRRERPERRERE RPRRERPRRRERRERRERRRE RPRREPRPRRERRERRERR

PREPRRREPPRRRRER

RPRRPRRRERRPRRRERER

B3 4 1 - 1.496e - 022
B3 51 - 1.496e - 022
B3 6 1 - 1.496e - 022
B3 7 1 - 1.496e - 022
B3 8 1 - 1.496e - 022
B3 9 1 - 1.496e -022
B3 10 1 - 1.496e -022
B3 11 1 - 1.496e -022
B3 12 1 - 1.496e -022
B3 13 1 - 1.496e -022
B3 14 1 - 1.496e -022
Bl 1 1 1.496e -022
Bl 2 1 1.496e -022
Bl 3 1 1.496e -022
Bl 4 1 1.496e -022
Bl 51 1.496e - 022
Bl 6 1 1.496e -022
Bl 7 1 1.496e -022
Bl 8 1 1.496e -022
Bl 9 1 1.496e -022
B1 10 1 1.496e -022
Bl 11 1 1.496e -022
B112 1 1. 496e - 022
Bl 13 1 1.496e -022
Bl 14 1 1.496e -022
B2 1 1 1.496e -022
B2 2 1 1.496e -022
B2 3 1 1.496e -022
B2 4 1 1.496e -022
B2 5 1 14 96e - 022
B2 6 1 1.496e -022
B2 7 1 1.496e -022
B2 8 1 1.496e -022
B2 9 1 1.496e -022
B2 10 1 1.496e -022
B2 11 1 1.496e -022
B2 12 1 1.496 e-022
B2 13 1 1.496e -022
B2 14 1 1.496e -022
B4 11 - 1.496e - 022
B4 2 1 - 1.496e -022
B4 3 1 - 1.496e -022
B4 4 1 - 1.496e - 022
B4 5 1 - 1.496e -022
B4 6 1 - 1.496e -022
B4 7 1 - 1.496e - 022
B4 8 1 - 1.496e -022
B4 9 1 - 1.496e -022
B4 10 1 - 1.496e - 022
B4 11 1 - 1.496e - 022
B4 12 1 - 1.496e -022
B4 13 1 - 1.496e -022
B4 14 1 - 1.496e -022
B5 11 - 7.431e+000
B5 1 2 7.431e+000 7.431e+000
B5 2 1 - 7.431e+000
B5 2 2 7.431e+000 7.431e+000
B5 3 1 -7.431e+00 O
B5 3 2 7.431e+000 7.431e+000
B5 4 1 - 7.431e+000
B5 4 2 7.431e+000 7.431e+000
B5 5 1 - 7.431e+000
B5 5 2 7.431e+000 7.431e+000
B5 6 1 - 7.431e+000
B5 6 2 7.431e+000

B6 1 1 - 7.431e+000
B6 1 2 7.431e+000 7.431e+000
B6 2 1 - 7.431e+000
B6 2 2 7.431e+000 7.431e+000
B6 3 1 - 7.431e+000
B6 3 2 7.431e+000 7.431e+000
B6 4 1 - 7.431e+000
B6 4 2 7.431e+000 7.431e+000
B6 5 1 - 7.431e+000
B6 5 2 7.431e+000 7.431e+000
B6 6 1 - 7.431e+000
B6 6 2 7.431e+000 7.431e+000

Now we compute the utilization for bolt in column 1 7 row 1 (Figure B-40). The

- 1.496e - 022
- 1.496e - 022
- 1.496e - 022
- 1.496e - 022
- 1.496e - 022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022

1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e

-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022

1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e
1.496e

-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022
-022

- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e -022
- 1.496e - 022
- 1.496e -022
- 1.496e -022
- 1.496e -022

- 7.431e+000
1.432e
- 7.431e+000
1.432e
- 7.431e+000
1.432e
- 7.431e+000
1.432e
- 7.431e+000
1.432e
- 7.431e+000
7.431e+000

- 7.431e+000

- 7.431e+000

- 7.431e+000

- 7.431e+000

- 7.431e+000

- 7.431e+000

MO

5.873e+003 6.602e+004 6.628e+004 5.140e
- 3.021e+004 - 6.602e+004 7.261e+004 5.140e
-3.021e+004 6.602e+004 7.261e+004 5.140e
- 6.628e+004 - 6.602e+004 9.356e+004 5.140e
- 6.628e+004 6.602e+004 9.356e+004 5.140e
- 1.024e+005 - 6.602e+004 1.218e+005 5.140e
-1.024e+00 5 6.602e+004 1.218e+005 5.140e
- 1.384e+005 - 6.602e+004 1.534e+005 5.140e
- 1.384e+005 6.602e+004 1.534e+005 5.140e
- 1.745e+005 - 6.602e+004 1.866e+005 5.140e
- 1.745e+005 6.602e+004 1.866e+005 5.140e
-4.195e+004 6.602e+004 7.822e+004 -1.168e
- 4.195e+004 - 6.602e+004 7.822e+004 -1.168e
- 5.873e+003 6.602e+004 6.628e+004 -1.168e
- 5.873e+003 - 6.602e+004 6.628e+004 -1.168e
3.021e+004 6.602e+004 7.261e+004 -1.168e
3.021e+004 - 6.602e+004 7.261e+004 -1.168e
6.628e+004 6.602e+004 9.356e+004 -1.168e
6.628e+004 - 6.602e+004 9.356e+004 -1.168e
1.024e+005 6.602e+004 1.218e+005 -1.168e
1.024e+005 - 6.602e+004 1.218e+005 -1.168e
1.384e+005 6.602e+004 1.534e+005 -1.168e
1.384e+005 - 6.602e+004 1.534e+005 -1.168e
1.745e+005 6.602e+004 1.866e+005 -1.168e
1.745e+005 - 6.602e+004 1.866e+005 -1.168e
1.745e+005 - 6.602e+004 1.866e+005 1.168e
1.745e+005 6.602e+004 1.866e+005 1.168e
1.384e+005 - 6.602e+004 1.534e+005 1.168e
1.384e+005 6.602e+004 1.534e+005 1.168e
1.024e+005 - 6.602e+004 1.218e+005 1.168e
1.024e+005 6.602e+004 1.218e+005 1.168e
6.628e+004 - 6.602e+004 9.356e+004 1.168e
6.628e+004 6.602e+004 9.356e+004 1.168e
3.021e+004 - 6.602e+004 7.261e+004 1.168e
3.021e+004 6. 602e+004 7.261e+004 1.168e
- 5.873e+003 - 6.602e+004 6.629e+004 1.168e
-5.873e+003 6.602e+004 6.629e+004 1.168e
- 4.195e+004 - 6.602e+004 7.823e+004 1.168e
-4.195e+004 6.602e+004 7.823e+004 1.168e
- 1.745e+005 6.602e+004 1.866e+005 1.168e
- 1.745e+005 - 6.602e+004 1.866e+005 1.168e
- 1.384e+005 6.6 02e+004 1.534e+005 1.168e
- 1.384e+005 - 6.602e+004 1.534e+005 1.168e
- 1.024e+005 6.602e+004 1.218e+005 1.168e
- 1.024e+005 - 6.602e+004 1.218e+005 1.168e
- 6.628e+004 6.602e+004 9.356e+004 1.168e
- 6.628e+004 - 6.602e+004 9.356e+004 1.168e
-3.021e+004 6.602e+004 7.261e+004 1.168e
- 3.021e+004 -6.602 e+004 7.261e+004 1.168e
5.873e+003 6.602e+004 6.629e+004 1.168e
5.873e+003 - 6.602e+004 6.629e+004 1.168e
4.195e+004 6.602e+004 7.823e+004 1.168e
4.195e+004 - 6.602e+004 7.823e+004 1.168e
1.432e -002 1.713e -008 1.432e -002 -2.593e
-002 1.713e -008 1.432e -002 2.593e
1.432e -002 1.363e -007 1.432e -002 -2.593e
-002 1.363e -007 1.432e -002 2.593e
1.432e -002 1.713e -008 1.432e -002 -2.593e
-002 1.713e  -008 1.432e -002 2.593e
1.432e -002 1.363e -007 1.432¢e -002 -2.593e
-002 1.363e -007 1.432e -002 2.593e
1.432e -002 1.713e  -008 1.432¢e -002 -2.593e
-002 1.713e -008 1.432e -002 2.593e
1.432e -002 1.363e -007 1.432e -002 -2.593e
1.432e -002 1.363e -007 1.432e -002 2.593e
-1.432e -002 1.713e -008 1.432e -002 -2.593e
-1.432e -002 1.713e -008 1.432e -002 2.593e
-1.432e -002 1.363e -007 1.432e -002 -2.593e
-1.432e -002 1.363e -007 1.432e -002 2.593e
-1.432e -002 1.713e -008 1.432e -002 -2.593e
-1.432e -002 1.713e -008 1.432e -002 2.593e
-1.432e -002 1.363e -007 1.432e -002 -2.593e
-1.432e -002 1.363e -007 1.432e -002 2.593e
-1.432e -002 1.713e -008 1.432e -002 -2.593e
-1.432e -002 1.713e -008 1.432e -002 2.593e
-1.432e -002 1.363e -007 1.432e -002 -2.593e
-1.432e -002 1.363e -007 1.432e -002 2.593e

-014
-014
-014
-014
-014
-014
-014
-014
-014
-014
-014

-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013

-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013

-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013
-013

- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006

- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006
- 006

formula is the following, already used in previous paragraphs.

with
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V/14 = 9.280*10°N / 14= 6.629*10*N

av

cla

R

2
Q 2
+VM X0 0 +VM LY
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- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

0.543 resis
0.594 resis
0.594

0.766 resis
0.766 resis
0.997 resis
0.997 resis
1.256 resis ***
1.256 resis ***
1.528r

1.528 resis 1!

resis

esis

0.640 resis
0.640 resis
0.543 resis
0.543 resis
0.594 resis
0.594 re

0.766 resis

sis

1.657e+004 1.657e+004 0.766 resis

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

0.997 resis
0.997 resis
1.256 resis ***
1.256 resis ***
1.528 resi
1.528 resis !!!

1.657e+004 1.657e+004 1.528 resis !!!
1.657e+004 1.657e+004 1.528 resis !!!
1.657e+004 1.657e+004 1.256 resis ***
1.657e+004 1.657e+004 1.256 resis ***
1.657e+004 1.657e+004 0.997 resis
1.657e+004 1.657e+004 0.997 resis
1.657e+004 1.657e+004 0.766 resis
1 .657e+004 1.657e+004 0.766 resis

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

0.594 resis
0.594 resis
0.543 resis
0.543 resis
0.640 resis
0.640 resis

-1. 657e+004 1.657e+004 1.528 resis !!!

- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004
- 1.657e+004

1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004
1.657e+004

1.528 resis !!!
1.256 resis ***
1.256 resis ***
0.997 resis
0.997 resis
0.766 resis

-1.65 7e+004 1.657e+004 0.766 resis
-1.657e+004 1.657e+004 0.594 resis
-1.657e+004 1.657e+004 0.594 resis
-1.657e+004 1.657e+004 0.543 resis
-1.657e+004 1.657e+004 0.543 resis
-1.657e+004 1.657e+004 0.640 resis
-1.657e+004 1.657e+004 0.640 resis

5.500 e+002 5.500e+002 0.000

- 5.500e+002 5.500e+002 0.000 resis
5.500e+002 5.500e+002 0.000

- 5.500e+002 5.500e+002 0.000 resis
5.500e+002 5.500e+002 0.000

- 5.500e+002 5.500e+002 0.000 resis
5.500e+002 5.500e+002 0.000
-5.500e+ 002 5.500e+002 0.000 resis
5.500e+002 5.500e+002 0.000

- 5.500e+002 5.500e+002 0.000 resis
5.500e+002 5.500e+002 0.000

- 5.500e+002 5.500e+002 0.000 resis

5.497e+002 5.497e+002 0.000
-5.497e+002 5.497e+002 0.000 resis
5.497e+0 02 5.497e+002 0.000
-5.497e+002 5.497e+002 0.000 resis
5.497e+002 5.497e+002 0.000
-5.497e+002 5.497e+002 0.000 resis
5.497e+002 5.497e+002 0.000
-5.497e+002 5.497e+002 0.000 resis
5.497e+002 5.497e+002 0.000

- 5.497e+002
5.497e+002 5.497e+002 0.000
-5.497e+002 5.497e+002 0.000 resis
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5.497e+002 0.000 resis

n

s
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Vs , 5 MBI, * dy; = 1.856*10°Nmm / 257211 * 150mm = 1.082*10°N
Vo . 5 MBI, * dyi = 1.856*10°Nmm / 257211 * 91.5mm = 6.603*10°N

where M6 is the moment o f Adcardang ® phe distancd u e
shown in the following figure, we have:

M& T *d=9.280*10°N * 200mm = 1.856*10°Nmm.

z
200mm
Immmmmmm mmmmmmm‘ =
LIJLIJLIJLULuLuIJ_IILLIIJ_LILuLIJLI_ULI_IJU_U
o0 OO0
oCc OO
o0 O0¢
FI’HFFHFI‘HFFHFI’HI‘I‘HI‘I‘H!FTIIFWFFHFI—HFFHFFHFW
l\_l_ll_l_ll_l_ll_l_ll_l_l\_l_l\_l_l I_l_l\_l_l\_l_l\_l_ll_l_ll_l_ll_l_l‘

Figure B-41 Distance between bolt layout centre and shear application point

On considered bolt, parallel shear components have opposite (see Figure B-39); we have:

R = \/% v, 8 vz, =\[6:62900' N+ (- 108200 N + (6.60300° N = 7.8230.0° N
C -

It is the force given for column 17 row 1 in previous table.

Now we are going to compute bolt bearing on a flange cover plate. As previously done in
last paragraph, we will consider the most loaded among end/edge bolts (col 1 row 7,
referring to Figure B-40) and the most loaded among inner bolts (row 1, column 6).

Bolt: col 17 row 7

Fx 1,745E+05 Fy 6,602E+04
Fomdx 1,555E+05 Fordy 1,512E+05
K1 1,8 Ky 2,5
2,8e,/dq-1,7 5,3 2,8e,/do-1,7 5,3
1,4p,/dg-1,7 1,8 1,4p,ldo-1,7 11,11
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2,5 2,5
ap 0,833 ap 0,583
aq 0,833 aq 0,833
fun/fy 2,78 fup/fu 2,78
p1/3dy-0,25 2,80 p1/3dy-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,€,) 50
e,=min(e 1,e,) 50 e,=min(e 1,e,) 50
P1 183 p: 50
P2 50 P2 183
exply 1,122 exply 0,437
EXPL=|1,204

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

expl=./expl; +expl; =1.204

Bolt: col 17 row 6

Fx 1,384E+05 Fy 6,602E+04
Fb.Rdx 2,160E+05 FbRrdy 1,512E+05
Ky 2,5 Ky 2,5
1,4p,/dy-1,7 11,11 2,8e2/d0-1,7 53
1,4p,/dy-1,7 11,11
25 25
ap 0,833 ap 0,583
a4 (end) 0,833 a4 (inner) 2,800
fun/fu 2,78 fun/fu 2,78
p1/3dq-0,25 2,80 p:/3dy-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 ;,e,) 50 e,=min(e 1,e,) 50
P1 183 P1 50
P2 50 P2 183
expl 0,641 exply 0,437
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| EXPL=0,776 |
To be on the safe side, el and e2 are assumed equal to minimum between el and e2

expl=,/expl; +expll =0.992

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

Inner bolt gives maximum utilization for plate bolt bearing check. CSE computes the
same value.

Cleats whose maximum utilization ratio is due to bearing str esses

Inst Combi Name Boltlay Bolt Extr. Sigma  SigmaM Expl
( N/ mmz2)  ( N/ mmz2)

1 1 P1 B2 1 1 518.3 430.4 1.204 ***
1 1 P2 B4 1 1 518.3 430.4 1.204 *x*
1 1 P3 B6 6 1 0.0 305.2 0.000

1 1 P4 B6 6 3 0.0 305.2 0.000

For example, considering plate P2, maximum utilization is due to bolt #1 of bolt layout
B4, corresponding to column 1-row 7 (see next figure).

fa4.29% fBa.25° @ fBa.#D
Y, ' I, i b, ') W, ! b, J 1N )

S

Figure B-42 Bolt layout B 41 Bolt #3 highlighted

Web plates utilization is null, since web bolt layouts do not carry loads (see P3 and
P4 in previous output listing abstract).
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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-43 Exploitation envelope according to EN 1993  -1-8: 2005

B.2.1.7 Torque

Model name: Validation_SP_1 6.CSE. Constraints and loads on imported FEM
model are set to get, in joint node, only a torque equal to member elastic limit. Its value is
computed through the following formula.

J f )
LY =1.32140" Nmn

t_ /3

M, =

It is not easy to compute forces distribution by hand. If the whole loads would be
carried by flanges bolt layouts, we would have the following shear force on each flange bolt
layout:

V=M/h=4.405*10*N
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L/

Figure B-44

We expect that also web bolt layouts carry a small part of the load. Let 6 s see h
CSE computes forces distribution.

Forces acting over bolt layouts at different ex tremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz
B3 1 1 1 4.3239e+004 8.5056e - 008 5.9098e -012 7 .7949e -007 -3.6190e+005 - 8.9393e+006
B3 1 1 2 -4.3239e+004 - 8.5056e -008 -5.9098e -012 8.791le -007 -4.8126e+005 8.9393e+006
Bl 1 1 1 4.3239e+004 -8.5038e -008 -5.8796e -012 -7.7928e - 007 -3.6190e+005 - 8.5508e+006
Bl 1 1 2 - 4.3239e+004 8.5038e -008 5.8796e -012 -8.7897e -007 -4.8126e+005 8.5508e+006
B2 1 1 1 -4.3239e+004 -8.5056e - 008 -5.9098e -012 -7.7706e - 007 3.6190e+005 - 8.7454e+006
B2 1 1 2 4.3239e+004 8.5056e -008 5.9098e -012 -8.8 152e-007 4.8126e+005 8.7454e+006
B4 1 1 1 - 4.3239e+004 8.5038e -008 5.8796e -012 7.7693e -007 3.6190e+005 - 8.7448e+006
B4 1 1 2 4.3239e+004 -8.5038e - 008 -5.8796e -012 8.8132e -007 4.8126e+005 8.7448e+006
B5 1 1 1 1.6721e+001 - 1.2923e+003 2.6607e - 002 3.5941e+004 1.0389e+002 - 9.5632e+004
B5 1 1 2 -5.1017e - 011 3.9390e -007 -5.3214e -002 -1.0161e+005 -5.9237e+002 3.2232e - 005
B5 1 1 3 -1.6721e+001 1.2923e+003 2.6607e -002 3.594 1e+004 1.0389e+002 9.5632e+004
B6 1 1 1 -1.6721e+001 - 1.2923e+003 2.6607e -002 3.5941e+004 -1.0782e+002 - 9.5632e+004
B6 1 1 2 1.7600e -011 1.3188e -011 -5.3215e -002 -1.0161e+005 6.0024e+002 -2.5657e - 005
B6 1 1 3 1.6721e+001 1.2923e+003 2.6607e -002 3.5941e+004 -1.0782e+002 9.5632e+004

CSE assigns V; = 4.324*10"N to each flange bolt layout: it is the 98.2% of shear they
would carry neglecting web bolt | ayout lcyoont r i
bolts, as previously explained.

To compute shear force in each bolt, we use the same scheme used in paragraph
B.2.1.6), using current values of V and M écomputed by CSE; forces are in Newton, bolts
numbering is the same of Figure B-40.

1 2 3 4 5 6 7

Coll 3.825E+03 | 3.204E+03 | 3.455E+03 | 4.433E+03 | 5.780E+03 | 7.294E+03 | 8.890E+03

Col 2 3.825E+03 | 3.204E+03 | 3.455E+03 | 4.433E+03 | 5.780E+03 | 7.294E+03 | 8.890E+03
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Dividing previous forces by bolt design resistance to shear (Fyr¢=1.221*10°N, see
previous paragraphs) we get the following utilization factors.

1 2 3 4 5 6 7
Col 1 0.031 0.026 0.028 0.036 0.047 0.060 0.073
Col 2 0.031 0.026 0.028 0.036 0.047 0.060 0.073

Let 6s comput e the boltsdfer example the ane in rov 1, column 1.

av o]
_ f 2
R - E@Z-FVM ',x,i§ +VM LY

with
Vi/14 = 4.324x10°N / 14= 3.089*10°N
Vs , 5 MBJ, * dy; = 8.9393 * 10°Nmm / 257211 * 150mm = 5.213*10°N
Vs . 5 MBI, * dyi = 8.9393 * 10°Nmm / 257211 * 91.5mm = 3.180*10°N
Wher e M6 is the moment of transport due

computation it would be:
M6= V *d = 4.324 * 10*°N * 200mm = 8.650*10°Nmm

CSE considers also the bending in bolts shafts, at each bolting level, computing a
more accurate moment of transport. Computed moment value is 8.9393*10°Nmm (see
previous output |l isting abstract). Letbébs cont

On considered bolt, forces components have opposite sign (see Figure B-39); we have:

o 2
R = %/__; Vi § Vi, = J[3.08900°N +(- 5.21340°N ||’ +(3.18000°N )’ =3.82500°N
c ke

According to previous table, CSE computes the same forces and exploitation values.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TVB 1B MuB MvB MB Expl  cause
1 1 B3 1 1 4221e -013 4.221e -013 -2.125e+003 3.180e+003 3.825e+003 -5.077e -009 5.035e+003 5.035e+003 0.031 resis
1 1 B3 2 1 4221e -013 4.221e -013 -2.125e+003 - 3.180e+003 3.825e+003 -5.077e -009 5.035e+003 5.035e+003 0.031 resis
1 1 B3 3 1 4.221e -013 4.221e -013 -3.870e+002 3.180e+003 3.204e+003 -5.077e -009 5.035e+003 5.035e+003 0.026 resis
1 1 B3 4 1 4221e -013 4.221e -013 -3.870e+002 - 3.180e+003 3.204e+003 -5.077e -009 5.035e+003 5.035e+003 0.026 resis
1 1 B3 5 1 4.221e -013 4.221e -013 1.351e+003 3.180e+003 3.455e+003 -5.077e -009 5.035e+003 5.035e+003 0.028 resis
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1 1 B3 6 1 4.22le -013 4.221e -013 1.351e+003 - 3.180e+003 3.455e+003 -5.077e -009 5.035e+003 5.035e+003 0.028 resis

1 1 B3 7 1 4221le -013 4.221e -013 3.088e+003 3.180e+003 4.433e+003 -5.077e -009 5.035e+003 5.035e+003 0.036 resis
1 1 B3 8 1 4.22le -013 4.221e -013 3 .088e+003 - 3.180e+003 4.433e+003 -5.077e -009 5.035e+003 5.035e+003 0.036 resis

1 1 B3 9 1 422le -013 4.221e -013 4.826e+003 3.180e+003 5.780e+003 -5.077e -009 5.035e+003 5.035e+003 0.047  resis
1 1 B3 10 1 4.221e -013 4.221e -013 4.826e+003 - 3.180e+003 5.780e+003 -5.077e -009 5.035e+003 5.035e+003 0.047 resis

1 1 B311 1 4.22le -013 4.221e -013 6.564e+003 3.180e+003 7.294e+003 -5.077e -009 5.035e+003 5.035e+003 0.060 resis
1 1 B312 1 4.22le -013 4.221e -013 6.564e+003 - 3.180e+003 7.294e+003 -5.077e -009 5.035e+003 5.035e+003 0.060 resis

1 1 B3 13 1 4.22le -013 4.221e -013 8.302e+003 3.180e+003 8.890e+003 -5.077e - 009 5.035e+003 5.035e+003 0.073  resis
1 1 B314 1 4.221e -013 4.221e -013 8.302e+003 - 3.180e+003 8.890e+003 -5.077e -009 5.035e+003 5.035e+003 0.073 resis

1 1 B111 -4.200e -013 -4.200e -013 -1.898e+003 3.042e+003 3.585e+003 5.079%e -009 5.035e+003 5.035e+003 0.029 resis

1 1 B121 -4.200e -013 -4.200e -013 -1.898e+003 - 3.042e+003 3.585e+003 5.079%e -009 5.035e+003 5.035e+003 0.029 resis

1 1 B1 31 -4.200e -013 -4.200e -013 -2.359e+002 3.042e+003 3.051e+003 5.079e -009 5.035e+003 5.035e+003 0.025 resis

1 1 B141 -4.200e -013 -4.200e -013 -2.359e+002 - 3.042e+003 3.051e+003 5.079% -009 5.035e+003 5.035e+003 0.025 resis
1 1 B151 -4.200e -013 -4.200e -013 1.426e+003 3.042e+003 3.360e+003 5.07% -009 5.035e+003 5.035e+003 0.028 resis

1 1 B161 -4.200e -013 -4.200e -013 1.426e+003 - 3.042e+003 3.360e+003 5. 079e- 009 5.035e+003 5.035e+003 0.028 resis

1 1 B171 -4.200e -013 -4.200e - 013 3.088e+003 3.042e+003 4.335e+003 5.07% -009 5.035e+003 5.035e+003 0.035 resis

1 1 B181 -4.200e -013 -4.200e -013 3.08 8e+003 -3.042e+003 4.335e+003 5.079e -009 5.035e+003 5.035e+003 0.035 resis

1 1 B191 -4.200e -013 -4.200e - 013 4.751e+003 3.042e+003 5.641e+003 5.079% -009 5.035e+003 5.035e+003 0.046 resis

1 1 B110 1 -4.200e -013 -4.200e -013 4.751e+003 - 3.042e+003 5.641e+003 5.079%e -009 5.035e+003 5.035e+003 0.046 resis

1 1 B111 1 -4.200e -013 -4.200e - 013 6.413e+003 3.042e+003 7.098e+003 5.079% -009 5.035e+003 5.035e+003 0. 058 resis
1 1 B112 1 -4.200e -013 -4.200e -013 6.413e+003 - 3.042e+003 7.098e+003 5.079%e -009 5.035e+003 5.035e+003 0.058 resis

1 1 B113 1 -4.200e -013 -4.200e -013 8.075e+003 3.042e+003 8.629e+003 5.07 9e- 009 5.035e+003 5.035e+003 0.071 resis

1 1 B114 1 -4.200e -013 -4.200e -013 8.075e+003 - 3.042e+003 8.629e+003 5.079e -009 5.035e+003 5.035e+003 0.071 resis

1 1 B211 -4.221e -013 -4.221e -013 -8.189 e+003 3.111e+003 8.760e+003 5.250e -009 -5.035e+003 5.035e+003 0.072 resis

1 1 B221 -4.221e -013 -4.221e -013 -8.189e+003 -3.111e+003 8.760e+003 5.250e -009 -5.035e+003 5.035e+003 0.072 resis

1 1 B2 3 1 -422le -013 -4.221e -013 -6.489e+003 3.111e+003 7.196e+003 5.250e -009 -5.035e+003 5.035e+003 0.059 resis

1 1 B241 -4.221e -013 -4.221e -013 -6.489e+003 -3.111e+003 7.196e+003 5.250e -009 -5.035e+003 5.035e+003 0.0 59 resis
1 1 B251 -4.221e -013 -4.221e -013 -4.789e+003 3.111e+003 5.710e+003 5.250e -009 -5.035e+003 5.035e+003 0.047 resis

1 1 B26 1 -4.221e -013 -4.221e -013 -4.789e+003 -3.111e+003 5.710e+003 5.250 e-009 -5.035e+003 5.035e+003 0.047 resis

1 1 B271 -4.221e -013 -4.221e -013 -3.088e+003 3.111e+003 4.384e+003 5.250e -009 -5.035e+003 5.035e+003 0.036 resis

1 1 B281 -4.221e -013 -4.221e -013 -3.088e+ 003 -3.111e+003 4.384e+003 5.250e -009 -5.035e+003 5.035e+003 0.036 resis

1 1 B291 -4.221e -013 -4.221e -013 -1.388e+003 3.111e+003 3.407e+003 5.250e -009 -5.035e+003 5.035e+003 0.028 resis

1 1 B210 1 -4.221e -013 -4.221e -013 -1.388e+003 -3.111e+003 3.407e+003 5.250e -009 -5.035e+003 5.035e+003 0.028 resis

1 1 B211 1 -4.221e -013 -4.221e -013 3.116e+002 3.111e+003 3.127e+003 5.250e -009 -5.035e+003 5.035e+003 0.026 resis
1 1 B212 1 -4.221e -013 -4.221e -013 3.116e+002 -3.111e+003 3.127e+003 5.250e -009 -5.035e+003 5.035e+003 0.026 resis

1 1 B213 1 -4.221e -013 -4.221e -013 2.012e+003 3.111e+003 3.705e+003 5.250e -009 -5.035e+003 5.035e+003 0.030 resis

1 1 B214 1 -4.221e -013 -4.221e -013 2.012e+003 -3.111e+003 3.705e+003 5.250e -009 -5.035e+003 5.035e+003 0.030 resis

1 1 B4 1 1 4.200e -013 4.200e -013 -8.188e+0 03 3.111e+003 8.759e+003 -5.247e -009 -5.035e+003 5.035e+003 0.072 resis

1 1 B4 2 1 4.200e -013 4.200e -013 -8.188e+003 -3.111e+003 8.759e+003 -5.247e -009 -5.035e+003 5.035e+003 0.072 resis

1 1 B431 4.200e -013 4.200e -013 -6.488e+003 3.111e+003 7.196e+003 -5.247e -009 -5.035e+003 5.035e+003 0.059 resis

1 1 B4 4 1 4.200e -013 4.200e -013 -6.488e+003 -3.111e+003 7.196e+003 -5.247e -009 -5.035e+003 5.035e+003 0.059 resis
1 1 B4 5 1 4.200e -013 4.200e -013 -4.788e+003 3.111e+003 5.710e+003 -5.247e -009 -5.035e+003 5.035e+003 0.047 resis

1 1 B4 6 1 4.200e -013 4.200e -013 -4.788e+003 -3.111e+003 5.710e+003 -5.247e -009 -5.035e+003 5.035e+003 0.047 resis

1 1 B4 7 1 4.200e -013 4.200e -013 -3.088e+003 3.111e+003 4.384e+003 -5.247e -009 -5.035e+003 5.035e+003 0.036 resis

1 1 B4 8 1 4.200e -013 4.200e -013 -3.088e+003 -3.111e+003 4.384e+003 -5.247e -009 -5.035e+003 5.035e+003 0.036 resis

1 1 B4 9 1 4.200e -013 4.200e -013 -1.389e+003 3.111e+003 3.407e+003 -5.247e -009 -5.035e+003 5.035e+003 0.028 resis

1 1 B410 1 4.200e -013 4.200e -013 -1.389e+003 -3.111e+003 3.407e+003 -5.247e -009 -5.035e+003 5.035e+003 0.028 resis

1 1 B411 1 4.200e -013 4.200e -013 3.113e+002 3.111e+003 3.126e+003 -5.247e -009 -5.035e+003 5.035e+003 0.026 re sis
1 1 B412 1 4.200e -013 4.200e -013 3.113e+002 -3.111e+003 3.126e+003 -5.247e -009 -5.035e+003 5.035e+003 0.026 resis

1 1 B413 1 4.200e -013 4.200e -013 2.011e+003 3.111e+003 3.704e+003 -5.247e -009 -5.035e+003 5.035e+003 0.030 resis

1 1 B414 1 4.200e -013 4.200e -013 2.011e+003 -3.111e+003 3.704e+003 -5.247e -009 -5.035e+003 5.035e+003 0.030 resis

1 1 B5 1 1 4.435e -003 4.435e -003 -3.454e+002 - 4.810e+001 3.488e+002 7.282e+003 3.404e+001 7.283e+003 0.003 resis

1 1 B512 -4.435e -003 -4.435e -003 -3.454e+002 - 4.810e+001 3.488e+002 - 7.282e+003 - 3.404e+001 7.283e+003 0.003

1 1 B5214 .435e -003 4.435e -003 - 3.454e+002 - 3.827e+002 5.155e+002 7.282e+003 3.404e+001 7.283e+003 0.004 resis

1 1 B5 22 -4.435e -003 -4.435e -003 -3.454e+002 - 3.827e+002 5.155e+002 - 7.282e+003 - 3.404e+001 7.283e+003 0.004

1 1 B5 3 1 4.435e -003 4.435e -003 2.787e+000 -4.810e+001 4.818e+001 7.282e+003 3.404e+001 7.283e+003 0.000 resis

1 1 B5 3 2 -4.435e -003 -4.435e -003 2.787e+000 - 4.810e+001 4.818e+001 - 7.282e+003 - 3.404e+001 7.283e+003 0.000

1 1 B5 4 1 4.435e -003 4.435e -003 2.787e+000 - 3.827e+002 3.827e+002 7.282e+003 3.404e+001 7.283e+003 0.003 resis

1 1 B5 4 2 -4.435e -003 -4.435e -003 2.787e+000 - 3.827e+002 3.827e+002 - 7.282e+003 - 3.404e+001 7.283e+003 0.003

1 1 B5 5 1 4435 -003 4.435e -003 3.510e+002 -4.810e+001 3.543e+002 7.282e+003 3.404e+001 7.283e+003 0.003 resis

1 1 B552 -4.4 35e-003 -4.435e -003 3.510e+002 - 4.810e+001 3.543e+002 - 7.282e+003 - 3.404e+001 7.283e+003 0.003

1 1 B5 6 1 4435 -003 4.435e -003 3.510e+002 - 3.827e+002 5.193e+002 7.282e+003 3.404e+001 7.283e+003 0.004 resis

1 1 B56 2 -4.435e -003 -4.435e -003 3.510e+002 - 3.827e+002 5.193e+002 -7.282e+003 - 3.404e+001 7.283e+003 0.004

1 1 B6 1 1 4.435e -003 4.435e -003 -3.510e+002 -4.810e+001 3.543e+002 7.282e+003 - 3.469e+001 7.283e+003 0.003

1 1 B6 12 -4.435e -003 -4.435e -003 -3.510e+002 -4.810e+001 3.543e+002 - 7.282e+003 3.469e+001 7.283e+003 0.003 resis

1 1 B6 2 1 4.435e -003 4.435e -003 -3.510e+002 - 3.827e+002 5.193e+002 7.282e+003 - 3.469e+001 7.283e+003 0.004

1 1 B6 22 -4.435e -003 -4.435e -003 -3.510e+002 - 3.827e+002 5.193e+002 - 7.282e+003 3.469e+001 7.283e+003 0.004 resis

1 1 B6 3 1 443 5e-003 4.435e -003 -2.787e+000 -4.810e+001 4.818e+001 7.282e+003 - 3.469e+001 7.283e+003 0.000 resis

1 1 B6 3 2 -4.435e -003 -4.435e -003 -2.787e+000 -4.810e+001 4.818e+001 - 7.282e+003 3.469e+001 7.283e+003 0.000

1 1 B6 4 1 4.435e -003 4.435e -003 -2.787e+000 - 3.827e+002 3.827e+002 7.282e+003 - 3.469e+001 7.283e+003 0.003

1 1 B6 4 2 -4.435e -003 -4.435e -003 -2.787e+000 - 3.827e+002 3.827e+002 -7.282e+003 3.  469e+001 7.283e+003 0.003 resis

1 1 B6 5 1 4.435e -003 4.435e -003 3.454e+002 -4.810e+001 3.488e+002 7.282e+003 - 3.469e+001 7.283e+003 0.003

1 1 B65 2 -4.435e -003 -4.435e -003 3.454e+002 -4.8 10e+001 3.488e+002 - 7.282e+003 3.469e+001 7.283e+003 0.003 resis

1 1 B6 6 1 4.435e -003 4.435e -003 3.454e+002 - 3.827e+002 5.155e+002 7.282e+003 - 3.469e+001 7.283e+003 0.004

1 1 B6 6 2 -4.435e -003 -4.435e -003 3.454e+002 - 3.827e+002 5.155e+002 - 7.282e+003 3.469e+001 7.283e+003 0.004 resis

Now we compute bolt bearing for a cover plate. As previously done, consider most
loaded end/edge bolt and most loaded inner bolt (see Figure B-40).

Bolt: col 17 row 7 (B1#14)

Fx 8,629E+03 Fy 3,042E+03
Fo.rdx 1,555E+05 Fo.ray 1,512E+05
ks 1,8 Ky 2,5
2,8e,/do-1,7 5,3 2,8e,/d-1,7 5,3
1,4p,ldg-1,7 1,8 1,4p,ldy-1,7 11,11
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2,5 2,5
ap 0,833 ap 0,583
aq 0,833 aq 0,833
fun/fu 2,78 fun/fu 2,78
p1/3dy-0,25 2,80 p1/3do-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 0,055 exply 0,020
EXPL=| 0,059

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

expl=./expl; +expl; =0.059

Bolt: col 17 row 6

Fx 6,489E+03 Fy 3,111E+03
Fb.Rdx 2,160E+05 FbRrdy 1,512E+05
k1 2,5 Ky 2,5
1,4p,/dy-1,7 11,11 2,8e,/dy-1,7 5,3
1,4p2/d0'1,7 11,11
2,5 2,5
ap 0,833 ay 0,583
a4 (end) 0,833 a4 (inner) 2,800
fun/fu 2,78 fun/fu 2,78
p1/3dy-0,25 2,80 p1/3dy-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 0,030 exply 0,021
EXPL= {0,036

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

expl=./expl; +expl? =0.036
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Note well: see B.2.1.2.1 for a detailed step-by-step computation of design resistance
forces and utilization factors.

As for the previous cases, most critical bolt is the most loaded inner bolt, which is not
the most loaded in general (maximum shear is computed for a end/edge bolt).

Members whose maximum utilization ratio is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma  SigmaM Expl
( N/'mm?)  ( N/ mm?)
1 1 ml B2 2 2 25.6 430.4 0.060
1 1 m2 Bl 14 2 25.2 430. 5 0.059
z z

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-45 Components utilization envelope

B.2.1.8 Axial force plus bending moments

Model name: Validation_SP_1 7.CSE; constraints and loads are set in the imported
FEM model in order to have the following internal actions in joint node: axial force, bending
moment about strong axis and bending moment about weak axis. Actions are equal to 1/3
of the corresponding actions computed in previous paragraphs. We have:
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Npiro/ 3= 1.401*10°N
My pi.ro/ 3= 1.757*10°Nmm
Mz piro/ 3= 8.179*10"Nmm

Since load condition is

(Npiro + My pirp + Mzpiro ) /3

for the superposition principle, shear force must be equal to

( Vnpiro *+ Vmy,pirp + Vmzpiro ) /3

where Vpiro iS the shear previously computed for joint under axial force, etc. (see B.2.1.2,
B.2.1.4, B.2.1.5).

The following forces distribution is computed by CSE:

Forces acting over bolt layouts at different extremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz

B3 1 1 1 1.9192e -005 -1.5544e+005  6.4660e - 007 -1.2060e+006 - 1.7436e - 004 4.0771e+007
B3 1 1 2 -1.9192e - 005 1.5544e+005 - 6.4660e - 007 -1.8251e+006 -1.9988e - 004 -4.0771e+007
Bl 1 1 1 -2.2510e - 005 8.7672e+005 - 6.46 43e- 007 8.2384e+006 2.0219e -004 -4.0771e+007
Bl 1 1 2 2.2510e -005 -8.7672e+005 6.4643e - 007 8.8576e+006 2.3675e - 004 4.0771e+007
B2 1 1 1 -1.6111e - 005 1.5544e+005 5.9006e - 007 1.2060e+006 1.7436e -004 -4.0771e+007
B2 1 1 2 1.6111e -005 -1.5544e+005 -5.9006e - 007 1.8251e+006 1.3980e - 004 4.0771e+007
B4 1 1 1 1.9428e -005 -8.7672e+005 -5.9023e - 007 -8.2384e+006 -2.0219e - 004 4.0771e+007
B4 1 1 2 -1.9428e - 005 8.7672e+005 5.9023 e- 007 -8.8576e+006 -1.7666e - 004 - 4.0771e+007
B5 1 1 1 3.3303e+005 -1.9168e - 004 -4.2529e - 006 -1.2481le - 003 -1.9999e+006 9.9747e+006
B5 1 1 2 - 6.8013e+005 3.7039%e - 004 8.5030e -006 -4.6307e -005 2.5067e+005 - 1.9949e+007
B5 1 1 3 3.4709e+005 -1.7871e -004 -4.2501e -006 1.1453e -003 1.9109e+006 9.9747e+006

B6 1 1 1 3.4709e+005 2.2021e -004 4.2617e -006 1.1453e -003 -1.9109e+006 9.9747e+006
B6 1 1 2 -6.8013e+005 -4.6209e - 004 -8.5368e -006 -1.4631e -004 -2.5067e+005 -1.9949e+007
B6 1 1 3 3.3303e+005 2.4188e -004 4.2751e -006 -1.248le -003 1.9999e+006 9.9747e+006

Consider extreme 1 of bolt layout 3., expected shear force (Fy) should be equal to 1/3
of the sum of previously computed basic conditions. The same stands for M..

Abstracts already reported in previous paragraphs are listed below (only the rows
referring to B3).

Bending about strong axis (B.2.1.2)
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Forces acting over bolt layouts at different extremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz

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

Axial force (B.2.1.4)

Forces acting over bolt lay outs at different 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

Bending about weak axis (B.2.1.5)

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

The sum of the three components gives the following results (M, is null for axial force
and bending about strong axis, Fy is null for bending about weak axis).

_ -1.5487Q0°N N 1.081940°N

F, =-1.55500°N
3 3
1.2232Q0° Nmm .
M, = =4.077A0" Nmm
Superposition principle is valid al so f or shear force in
Consider check section 1 of bolt 1 of layout B3.
Bending about strong axis:
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 1.386e -007 1.386e -007 6.667e - 008 - 1.106e+005 1.106e+005 9.401e+004 -1.699 -007 9.401e+004 0.906 resis
Axial force:
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 1.929% -011 1.929e -011 -3.518e -009 7.728e+ 004 7.728e+004 -1.932e+004 -2.858e -012 1.932e+004 0.633 resis
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Bending about weak axis:

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt

1 1 B3 11

S92

-3.379%

NB NTB

-023 -3.379% -023

TuB

TvB

7.133e+004

B

MuB

- 4.351e+004

Summing the values and dividing by 3, we get:

Vs = 7.133*10*N / 3 = 2.378*10*N

MvB MB

8.35 6e+004 1.998e

Expl cause

-010 3.932e

-006 3.932e

-006 0.684 resis

Vig = (-1.106*10°N + 7.728*10*N i 4.351*10°N) / 3 = -2.561*10*N

The same values are computed by CSE in the model with combined internal forces.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt

B3
B3
B3
B3
B3
B3
B3
B3
B3
B3
B3
B3
B3
B3

©O~NOU R WNPR

PREPRPRRPRRERRERRPRRERRPRR
RPRPEPRRPRRPEPRRRERPERRR
PR RpRpRpPPRPRRPRRPRRR

Bl 1
Bl 2
Bl 3
Bl 4
Bl 5
Bl 6
B1 7
Bl 8
1 Bl
B1
B1
B1
B1
B1

PRRRPRPRRPRPRRPRRERRERRRRERE
PRrERRRRRRE
EhrRpRpRroPRPRPRRRRRR

RPRPEPRR

[N

B2
1

B2
B2
B2
B2
B2
B2 8
1 B2
B2
B2
B2
B2
B2

PRrRRRRRRRRRRER
PRRRRR
RPrRrpRrRroPRPPRPRERERE P

RPREPPR

[

B4
1

B4
B4
B4
B4
B4
B4

B4
B4
B4
B4
B4

PRRPRRPRRPRRERRRRRERPRRERE

RPRPRRREPRRRPRER
Phrrrrilrel kR

[ENINVINFININS 9 N

B5 1 1
B5
B5 2 1

N
PR

-?-

4.619

4.619%

4.619%

4.619

4.619%

4.619%

4.619

4.619%

4.619

4.619

4.619

4.619

4.619%

4.619%
-4.617e
-4.617e
-4.617e
-4.617e
-4.617e
-4.617e
-4.617e
-4.617e

1 -4.617e
-4.617e
-4.617e
-4.617e
-4.617e
-4.617e

4.215e

1 4.215e

4.215e

4.215e

4.215e

4.215e

4.215e

4.215e

1 4.215e

4.215e

4.215e

4.215e

4.215e

4.215e
-4.216e

1 -4.216e
-4.216e
-4.216e
-4.216e
-4.216e
-4.216e
-4.216e

91 -4.216e
-4.216e
-4.216e
-4.216e
-4.216e
-4.216e
- 7.088e

1 2 7.084e
- 7.088e

NB NTB TuB
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008

4.619%
4.619
4.619%
4.619%
4.619e  -008
4.619e  -008

4.619e -008
4.619e  -008
4.619e -008
4619 -008
4.619e -008
4.619e -008
4.619e  -008

4.619e - 008

-008
-008
-008
-008

-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008

-4.617e - 008
-4.617e - 008
-4.617e - 008
-4.617e - 008
-4.617e - 008
-4.617e -008
-4.617e - 008
-4.617e - 008
-4.617e -008
-4.617e -008
-4.617e -008
-4.617e -008
-4.617e -008
-4.6 17e-008

-008
-008
-008
-008
-008
-008
-008
- 008
- 008
- 008
- 008
- 008
- 008
- 008

4.215e
4.215e
4.215e
4.215e
4.215e
4.215e
4.21

4.215e
4.215e
4.215e
4.215e
4.215e
4.215e
4.215e

-008
-008
-008
-008
-008
-008
5e- 008
-008
-008
-008
-008
-008
-008
-008

- 008
- 008
- 008
- 008
-008
-008
-008
-008
-008
-008
-008
-008
-008
-008

-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008
-4.216e -008

-007
-007
-007

- 7.088e - 007
7.084e  -007
- 7.088e -007

TvB B MuB MvB MB  Expl cause
2.378e+004 - 2.561e+004 3.494e+004 2.489e+004 1.254e -006 2.489e+004 0.286 resis

2.378e+004 3.401e+003 2.402e+004 2.489e+004 1.254e -006 2.489e+004 0.197 resis
1.585e+004 - 2.561e+004 3.012e+004 2.489e+004 1.254e -006 2.489e+004 0.247 resis
1.585e+004 3.401e+003 1.621e+004 2.489e+004 1.254e -006 2.489e+004 0.133resis
7.926e+003 -2.561le+0 04 2.681e+004 2.489e+004 1.254e -006 2.489e+004 0.219 resis
7.926e+003 3.401e+003 8.624e+003 2.489e+004 1.254e -006 2.489e+004 0.071 resis
1.371e -006 -2.561e+004 2.561e+004 2.489e+004 1.254e -006 2.489e+004 0.210 resis
1.371e -006 3.401e+003 3.401e+003 2.489e+004 1.254e -006 2.489e+004 0.028 resis

- 7.926e+003 -2.561e+004 2.681e+004 2.489e+004 1.254e -006 2.489e+004 0.219 resis

-7.926e+003 3.401e+003 8.624e+003 2.489e+004 1.254e -006 2.489e+004 0.071 resis

- 1.585e+004 -2.561e+004 3.012e+004 2.489e+004 1.254e -006 2.489e+004 0.247 resis

- 1.585e+004 3.401e+003 1.621e+004 2.489e+004 1.254e -006 2.489e+004 0.133resis

- 2.378e+004 - 2.561e+004 3.494e+004 2.489e+004 1.254e -006 2.489e+004 0.286 resis

-2.378e+004 3.401e+003 2.402e+004 2.489e+004 1.254e -006 2.489e+004 0.197 resis

-2.378e+004 7.713e+004 8.071e+004 -3.777e+004 -1.636e -006 3.777e+004 0.661 resis

-2.378e+004 4.812e+004 5.367e+004 -3.777e+004 -1.636e -006 3.777e+004 0.439 resis

- 1.585e+004 7.713e+004 7.874e+004 -3.777e+004 - 1.636e - 006 3.777e+004 0.645 resis

- 1.585e+004 4.812e+004 5.066e+004 -3.777e+004 -1.636e -006 3.777e+004 0.415 resis

-7.926e+003 7.713e+004 7.753e+004 -3.777e+004 -1.636e -006 3.777e+004 0.635 resis

- 7.926e+003 4.812e+004 4.877e+004 -3.777e+004 -1.636e -006 3.777e+004 0.399 resis

-1.608e -006 7.713e+004 7.713e+004 -3.777e+004 -1.636e -006 3.777e+004 0.631 resis

-1.608e - 006 4.812e+004 4.812e+004 -3.777e+004 -1.636e -006 3.777e+004 0.394 resis
7.926e+003 7.713e+004 7.753e+004 -3.777e+004 -1.636e -006 3.777e+004 0.635 resis
7.926e+003 4.812e+004 4.877e+004 -3.777e+004 -1.636e - 006 3.777e+004 0.399 resis
1.585e+004 7.713e+004 7.874e+004 -3.777e+004 -1.636e -006 3.777e+004 0.645 resis
1.585e+004 4.812e+004 5 .066e+004  -3.777e+004 -1.636e -006 3.777e+004 0.415 resis
2.378e+004 7.713e+004 8.071e+004 -3.777e+004 -1.636e -006 3.777e+004 0.661 resis
2.378e+004 4.812e+004 5.367e+004 -3.777e+004 -1.636e -006 3.777e+004 0.439 resis

-2.378e+004 2.561e+004 3.494e+004 - 2.489e+004 9.468e -007 2.489e+004 0.286 resis

- 2.378e+004 - 3.401e+003 2.402e+004 - 2.489e+004 9.468e -007 2.489e+004 0.197 resis

-1.585e+004 2.561e+004 3.012e+004 - 2.489e+004 9.468e -007 2.489e+004 0.247 resis

- 1.585e+004 - 3.401e+003 1.621e+004 - 2.489e+004 9.468e -007 2.489e+004 0.133resis

- 7.926e+003 2.561e+004 2. 681e+004 - 2.489e+004 9.468e -007 2.489e+004 0.219 resis

- 7.926e+003 - 3.401e+003 8.624e+003 - 2.489e+004 9.468e -007 2.489e+004 0.071 resis

-1.151e - 006 2.561e+004 2.561e+004 - 2.489e+004 9.468e -007 2.489e+004 0.210 resis

-1.151e - 006 - 3.401e+003 3.401e+003 - 2.489e+004 9.468e -007 2.489e+004 0.028 resis
7.926e+003 2.561e+004 2.681e+004 - 2.489e+004 9.468e -007 2.489e+004 0.219 resis
7.926e+003 - 3.401e+003 8.624e+003 - 2.489e+004 9.468e -007 2. 489e+004 0.071 resis
1.585e+004 2.561e+004 3.012e+004 - 2.489e+004 9.468e -007 2.489e+004 0.247 resis
1.585e+004 - 3.401e+003 1.62 1e+004 - 2.489e+004 9.468e -007 2.489e+004 0.133resis
2.378e+004 2.561e+004 3.494e+004 - 2.489e+004 9.468e -007 2.489e+004 0.286 resis
2.378e+004 - 3.401e+003 2.402e+004 - 2.489e+004 9.468e -007 2.489e+004 0.197 resis
2.378e+004 -7.713e+004 8.071e+004 3.777e+004 -5.646e -007 3.777e+004 0.661 resis
2.378e+004 - 4.812e+004 5.367e+004 3.777e+004 -5.646e - 007 3.777e+004 0.439 resis
1.585e+004 -7.713e+004 7.874e+004 3.777e+004 -5.646e -007 3.7 77e+004 0.645 resis
1.585e+004 - 4.812e+004 5.066e+004 3.777e+004 -5.646e -007 3.777e+004 0.415 resis
7.926e+003 - 7.713e+004 7.753 e+004 3.777e+004 -5.646e -007 3.777e+004 0.635 resis
7.926e+003 -4.812e+004 4.877e+004 3.777e+004 -5.646e -007 3.777e+004 0.399 resis
1.388e -006 -7.713e+004 7.713e+004 3.777e+004 -5.646e -007 3.777e+004 0.631 resis
1.388e -006 -4.812e+004 4.812e+004 3.777e+004 -5.646e -007 3.777e+004 0.394 resis

- 7.926e+003 - 7.713e+004 7.753e+004 3.777e+004 -5.646e -007 3.777e+004 0.635 resis

- 7.926e+003 -4.812e+004 4.877e+004 3.777e+004 -5.646e -007 3.777 e+004 0.399 resis

- 1.585e+004 - 7.713e+004 7.874e+004 3.777e+004 -5.646e -007 3.777e+004 0.645 resis

- 1.585e+004 - 4.812e+004 5.066e+ 004 3.777e+004 -5.646e -007 3.777e+004 0.415 resis

- 2.378e+004 - 7.713e+004 8.071e+004 3.777e+004 -5.646e -007 3.777e+004 0.661 resis

- 2.378e+004 - 4.812e+004 5.367e+004 3.777e+004 -5.646e -007 3.777e+004 0.439 resis
9.183e+004 - 1.745e+004 9.347e+004 -1.634e -005 -2.765e+002 2.765e+002 0.765

-9.417e+004 1.745e+004 9.577e+004
9.183e+004 1.745e+004 9.347e+004
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1 1 B5 2 2 7.084e -007 7.084e -007 -9.417e+004 - 1.745e+004 9.577e+004 -1.217e -005 2.862e+004 2.862e+004 0.784 resis

1 1 B531 -7.088e -007 -7.088e -007 5.551e+004 - 1.745e+004 5.818e+0 04 -1.634e -005 -2.765e+002 2.765e+002 0.476

1 1 B5 3 2 7.084e -007 7.084e -007 -5.785e+004 1.745e+004 6.042e+004 -1.217e -005 2.862e+004 2.862e+004 0.495 resis

1 1 B541 -7.088e -007 -7.088e -007 5.551e+004 1.745e+004 5.818e+004 -1.634e -005 -2.765e+002 2.765e+002 0.476

1 1 B5 4 2 7.084e -007 7.084e -007 -5.785e+004 - 1.745e+004 6.042e+004 -1.217e -005 2.862e+004 2.862e+004 0.495 resis
11 B5 5 1 -7.088e -007 -7.088e -007 1.918e+004 - 1.745e+004 2.593e+004 -1.634e -005 -2.765e+002 2.765e+002 0.212

1 1 B5 5 2 7.084e -007 7.084e -007 -2.153e+004 1.745e+004 2.771e+004 -1.217e -005 2.862e+004 2.862e+0 04 0.227 resis
1 1 B56 1 -7.088e -007 -7.088e -007 1.918e+004 1.745e+004 2.593e+004 -1.634e -005 -2.765e+002 2.765e+002 0.212

1 1 B5 6 2 7.084e -007 7.084e -007 -2.153e+004 - 1.745e+004 2.771e+004 -1.217e -005 2.862e+004 2.862e+004 0.227 resis

1 1 B6 1 1 7.103e -007 7.103e  -007 9.417e+004 - 1.745e+004 9.577e+004 -2.933e -005 2.862e+004 2.862e+004 0.784 resis

1 1 B6 12 -7.125e -007 -7.125e -007 -9.183e+004 1.745e+004 9.347e+004 -3.386e -005 -2.765e+002 2.765e+002 0.765

1 1 B6 2 1 7.103e -007 7.103e  -007 9.417e+004 1.745e+004 9.577e+004 -2.933e -005 2.862e+004 2.862e+004 0.784 resis

1 1 8B 6 22 -7.125e -007 -7.125e -007 -9.183e+004 - 1.745e+004 9.347e+004 -3.386e -005 -2.765e+002 2.765e+002 0.765

1 1 B6 3 1 7.103e -007 7.103e -007 5.785e+004 - 1.745e+004 6.042e+004 -2.933e -005 2.862e+004 2.862e+00 4 0.495 resis
1 1 B6 3 2 -7.125e -007 -7.125e -007 -5.551e+004 1.745e+004 5.818e+004 -3.386e -005 -2.765e+002 2.765e+002 0.476

1 1 B6 4 1 7.103e -007 7.103e -007 5.785e+004 1.745e+004 6.042e+004 -2.933e -005 2.862e+004 2.862e+004 0.495 resis

1 1 B6 42 -7.125e -007 -7.125e -007 -5.551e+004 - 1.745e+004 5.818e+004 -3.386e -005 -2.765e+002 2.765e+002 0.476

1 1 B6 5 1 7.103e -007 7.103e -007 2.153e+004 - 1.745e+004 2.771e+004 -2.933e -005 2.862e+004 2.862e+004 0.227 resis

1 1 B652 -7.125e -007 -7.125e -007 -1.918e+004 1.745e+004 2.593e+004 -3.386e -005 -2.765e+002 2.765e+002 0.212

1 1 B6 6 1 7.103e -007 7.103e  -007 2.153e+004 1.745e+004 2.771e+004 -2.933e -005 2.862e+004 2.862e+004 0.227 resis

1 1 B66 2 -7.125e -007 -7.125e -007 -1.918e+004 - 1.745e+004 2.593e+004 -3.386e -005 -2.765e+002 2.765e+002 0.212

Here we checked in detail one bolt layout and then one single bolt. The same could
be done for every layout and every bolt: for each one of them, the force in this load case is
equal to 1/3 of the sum of forces computed in basic load cases, being this load case equal
to 1/3 of the sum of those basic conditions (superposition principle). Forces due to basic
load cases have the same sign on some bolts (sum) and opposite sign on other bolts
(subtraction): symmetry in bolts utilization is lost (see next figure).

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-46 Components utilization envelope
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B.3 VERTICAL SPLICE JOINT

B.3.1 End plates splice joint
B.3.1.1 Introduction

Consider an end plates splice joint between two members with HEB320 cross-section
and S235 material. Following figures show CSE model. Fillet welds have a thickness equal
to 20mm (throat section is 14.1mm). Welds end 1mm before member sides extremes. Four
M33 - class 8.8 bolts are used.

Figure B-47 3D view of the model
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Figure B-48 Top view
: I

Figure B-49 Side view

CSE: worked examples i validation (part B)

83

www.steelchecks.com info@steelchecks.com




eyt

Cross-section dimensions are the following.

= & Master
E|7F Members

ity
=L HE320B
..... & h=3200mm
..... & b=300.0mm
..... & tw= 11.5mm
..... & tf= 20.5mm
..... & r= 2?1] mm
..... ® hl=2250mm
..... ® h2= 47.5mm
— Clamp
- 5 mé Column
..... $ []amp
..... fem Beam - Beam
~align Splice-homogensous
]._9 Through
Eg--;ﬁ Joiners

¥

Figure B-50

Next figures show welds and bolts numbering.

Figure B-51 Upper weld layout (W1): fillet welds numbering
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V2. #1 W2.#2

‘ Wi ‘
vz

W2.75

‘ WZF#T ‘

Vii2.#6 W2.#8

Figure B-52 Lower weld layout (W2): fillet welds numbering

Figure B-53 Bolts numbering
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The following are the distances between the bolts and from the bolts to the edges.

180.0

006

008l

0086

Figure B-54 Distances between bolts and from edges

No bearing surface is used now: compression is carried by bolts shaft (for
bearing surface check, see part C). Chosen check settings do not consider compression
check for bolts: only resistance to tension is checked now.

B.3.1.2 Compression

Amplified plastic axial force of the cross-section is applied to model
Validation_VSP_1 1.CSE (compression force).

Npi,rd = A*fy*grp = 16134 * 235 * 1.2 = 4.550*10°N

Since bolts resistance is not checked in compression (according to check settings)

we expect a null utilization factor in this ¢

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cause
1 1 B111 - 1.137e+006 - 1.137e+006 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000
1 1 B1L 21 - 1.137e+006 - 1.137e+006 0.000e+000 0.000e+00 0 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000
1 1 B1 31 - 1.137e+006 - 1.137e+006 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000
1 1 B1 41 - 1.137e+006 - 1.137e+006 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000
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Bolts compression check can be included. A bearing surface can be defined to carry

compression loads (see part C).

For fillet welds check, CSE uses the method in EN 1993-1-8:2005 paragraph 4.5.3.3.
This method considers forces per length unit on welds. Utilization on a weld is computed
as the ratio between design force per length unit (Fyeq) and design resistance per length

unit (Fy, ra)-

In this case, all the welds have equal section and they are subjected to the same
force per length unit (Fweq). This is equal to total applied force (Ngirg) divided by the sum

of welds length (Lio).

115.25mm

298mm
1

T 223mm

Figure B-55 Welds dimensions

We have

Liot= 2 *298mm + 4 * 115.25mm + 2 * 223mm = 1503mm
Fw,ed = Npi,ra=/ Ltot = 4.550*10°N / 1503mm = 3027N/mm
Design resistance is:

Fura = fowa @

w,

where
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with the following values:

we have:

_f,/43

CSE computes the same value.

Internal stresses in welds, exploita tions

Inst Combi Name Weld

RPRRRRRRR

RPRRRRRRR

P RRRPRRRPRRR

RPRRRRR

w1

1

[ o~NO O~ W

00 ~NO U W

w1

N
N

2

fo
N bngZ
a = 14.1mm (throat section)
b, = 0.8 for S235 (EN1993-1-8, Table 4.1)
f, = 360MPa
g2 = 1.25
o = 360MPa/N3 _ 500 1pa
’ 0.8Q.25
Furd = 207.85MPa@4.1mm=293IN/mm
F
wEd _ 3027N/mm=1.03
Fura  293IN/mm
nPer tPar tPer force  Cause Ext Expl

- 2.141e+002 0.000e+000

- 0.000e+000 3.027e+003 3 1

- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3

- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3
- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3
-2.141e+002 0.000e +000 0.000e+000 3.027e+003

1.030 *
1.030 *
1 1.030*

(RSN

- 2.141e+002 - 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*

- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
+003 3 1 1.030*
-2.141e+002 - 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*

- 2.141e+002 0.000e+000 0.000e+000 3.027e

- 2.141e+002 0.000e+000

-2.141e+00 2 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
- 2.141e+002 0.000e+000 0.000e+000 3.027e+003 3 1 1.030*
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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-56 Components utilization envelope

NOTE WELL: checks on members and plates are not included in this computation. Only
bearing check is included, but shear forces are null here. For example, the following
automatic checks could be done on the plates (see part C of the document):

bearing surface check;

automatic FEM model creation and analysis (linear on non linear), including forces due
to bolts, welds and bearing surfaces, in each combination;

additional usero6s checks (user can define
them in all the combinations).

B.3.1.3 Tension

This case is the opposite of the previous one: instead of the compression, a tension

with the same value is applied (4.550*10°N - model: Validation VSP_1 2.CSE). Forces on
fillet welds are the same, with opposite sign. Expected utilizations are the same of
compression, as computed by CSE.
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Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer for ce Cause Ext Expl
1 1 W1 1 2.141e+002 0.000e+000 - 0.000e+000 3.027e+003 2 1 1.030 *
1 1 W1 2 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W1 3 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W1 4 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W1 5 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W1 6 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W1 7 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W1 8 2.141e+002 - 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W2 1 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W2 2 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 w2 3 2 141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W2 4 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W2 5 2141e+002 -0.000e+000 0.000e+000 3.027e+003 2 1 1 .030 *
1 1 W2 6 2.141e+002 0.000e+000 -0.000e+000 3.027e+003 2 1 1.030*
1 1 W2 7 2.141e+002 0.000e+000 0.000e+000 3.027e+003 2 1 1.030*
1 1 W2 8 2.141e+002 0.000e+000 0.00 0e+000 3.027e+003 2 1 1.030*

Now consider the bolts. Total load is equally distributed® on each bolt; tension in a
single bolt is:

Fieq =T/4=1.137*10°N

Design resistance for bolts in tension according to EN1993-1-8 is (see appendix):

K, f
Ft,Rd —_2 ubAs
G2

where k;=0.9, As=694mm?, f,,=800 and gu»=1.25.

Fira is equal to 3.997*10°N; bolts utilization factor is:

I:t,Ed —
——=2.845
t,Rd
CSE computes the following value.
Internal actions in bolts at different planes, exploitations
Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cau se
1 1 Bl 1 1 1.138e+006 1.138e+006 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 2.846 resis !t
1 1 Bl 2 1 1.138e+006 1.138e+006 0.000e+000 0.000e+000 0.000e+000 0.000e+000 O. 000e+000 0.000e+000 2.846 resis !!!
1 1 Bl 3 1 1.138e+006 1.138e+006 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 2.846 resis !l!
1 1 Bl 4 1 1.138e+006 1.138e+006 0.000e+000 0.0 00e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 2.846 resis !!!

3 It is equally distributed on bolts since load application point, weld layout and bolt layout are centred:; if there
was an offset due to non-symmetrical geometry, forces distribution would have been different
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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-57 Components utilization envelope

NOTE WELL: as for compression case, checks for the plates are not included (see part C).

B.3.1.4 Bending

B.3.1.4.1 Checks

A load parallel to members web is applied to imported FEM model in order to have
the following bending moment” in joint node (model: Validation VSP_1_3.CSE):

M = 1.225*10°Nmm.
Bending can be carried in different ways by a bolt layout:
1. compression and tension in bolts (compression can be excluded from resistance check)
2. compression on bearing surface + tension in bolts beyond elastic neutral axis

3. compression on bearing surface and in bolts + tension in bolts beyond neutral axis

* Simply supported beam; column height = 7m, joint node at 3.4m; distributed load = 20N/mm
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For bearing surface check, see part C of this document. Here condition 1 is assumed,
with bolts resistance check for compression not included. For this reason, we extpect two
compressed bolts with null utilization and two bolts in tension. Force on each bolt:

M. 3.403Q0° N
2d

where d=180mm is the distance between bolts. Dividing that force by design
resistance computed in previous paragraph, we get an utilization factor equal to 0.851.

S LY
TTTTTTITTITTTTT

| |

Figure B-58 Without bearing surface (left); with bearing surface (right)

CSE computes a slightly lower value (-0.85%). It must be considered that the
program computes also parasitic bending in bolt shafts; this bending is usually omitted in
hand computations. Note well: shafts bending is always computed by CSE; it is possible to
exclude it from the checks (like in this case). The difference between bolt force computed
by CSE and bolt force hand computed with simplified scheme (no bending in shafts) is
proportional to utilization factor computed by CSE and by hand.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt - ?- NB NTB TuB TvB B MuB MvB MB Expl cause
1 1 Bl 1 1 3.374e+005 3.374e+005 0.000e+000  -3.579e -003 3.579e -003 -2.552e+005 0.000e+000 2.552e+0 05 0.844 resis
1 1 Bl 2 1 3.374e+005 3.374e+005 0.000e+000 -3.579% -003 3.579e -003 -2.552e+005 0.000e+000 2.552e+005 0.844 resis
1 1 B1 31 - 3.374e+005 - 3.374e+005 0.000e+000 -3.579% -003 3.579e -003 -2.552e+005 0.000e+000 2.552e+005 0.000 resis
1 1 B1 41 - 3.374e+005 - 3.374e+005 0.000e+000 -3.579% -003 3.579e -003 -2.552e+005 0.000e+000 2.552e+005 0.000 resis

To validate CSE results for fillet welds, we are going to use the application
Saldature (Weldings) by Giulio Ballio (see A.3).
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100

-200 100 Ll 100 200

My

L1%
Lz, a7
=L

a; =dimensione di gola dei cordoni

(% -y - z : riferimento arbitrario )

Confronto con CSE

tultl § cordion) hanno eglale dirmensione delia gola pat a; mm 4,14 i dato sostitwisce tale valore riferite ad assi principali
posizione| e w ai L o Vi Y1 Y6 e‘\'z Eaj g A T
cordoni mm rmrn rmrn mrn mrn rmrn Cm mrn rmrn mrn mm
cordoni 1 2230 -111.5 128 oo 128 A -111.5 1115 128 128
; 2 2230 115 -128 oo -128 35 -111.5 1Mm5 -128 -128
paralleli 3
ad a}l{sse 1
=)
(neri 5]
cordoni 7 2980 -167 .1 -149.0 -167 1 1] 421 -167 167 -149 149
arallzli 8 2980 167 1 -149.0 167 1 ao 421 167 167 -149 149
sd asge 9 1153 -132.4 -149.0 -132.4 -914 16,3 -132 =132 -149 -34
10 1153 -132.4 338 -132.4 o1.4 16,3 -132 -132 34 149
¥ 11 1153 1324 -149.0 1324 -914 16,3 132 132 -149 -34
(blu) 12 1153 1324 338 1324 N 16,3 132 132 34 149
caratteristiche della A e Ye loxe Loy Loy & ot lowy
seziohe crr? i i ot cm cm radianti gradi cm cm
2125 0 0 12.504 37.568 0 0,0000 0 12.504 37.568
Figure B-59 Saldature application : input data
le comg ti di sollecitazione sono riferite al sist % -y - Z prescelto per la descrizione g trica
asse X asse y asse z
carico Fy Mty gy 8 Fy ety By 8 F. b, 2y 2y
[M] [N ] rarm rarm [M] [N ] rarm jualag) [M] [ rn] rarm T
1 122.500,0
2
3

Figure B-60 Saldature application: applied loads
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condizione di carico 1 unita di misura degli sforzi;. Himm2
cardani n.  dovuto a: t. dovuto a: ty dovuto a:
e M, M, F. tot M Fy tot M. Fy tot
1A juj] 3636 00 3636 oo juj] juj] 00 0o oo
1B juj] -36 36 00 -35.36 oo juj] juj] 00 0o oo
2A, juj] 3636 00 3636 oo juj] juj] 00 0o oo
2B juj] -36 36 00 -35.,36 oo juj] juj] 00 0o oo
F. Fy
A oo 54 .48 0o 54,48 oo oo oo 0o 0o oo
7B oo 54 .48 0o 54,48 oo oo oo 0o 0o oo
BA, juj] 54 48 00 54,48 oo juj] juj] 00 0o oo
8B juj] 54 48 00 54,48 oo juj] juj] 00 0o oo
A, juj] 4318 00 43,18 oo juj] juj] 00 0o oo
9B oo 43,18 00 43,18 oo oo oo 00 0o oo
104, oo 43,18 00 43,18 oo oo oo 00 0o oo
10B oo 43,18 00 43,18 oo oo oo 00 0o oo
114 oo -43.18 00 -43.18 oo oo oo 00 0o oo
11B oo -43.18 00 -43.18 oo oo oo 00 0o oo
124, oo -43.18 00 -43.18 oo oo oo 00 0o oo
128 0o -43,18 00 -43,18 0o 0o 0o 00 0,0 0o

Figure B-61 Saldature application: stresses in fillet welds

CSE stress results are the same computed using Saldature. Welds numbering is
different in CSE and Saldature. For CSE, weld numbering in W1 layout is shown in Figure
B-51. See Figure B-59 to get welds numbering in Saldature.

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 1 W1 1 4.317ef+001 5. 785e-023 9.448e -007 6.106e+002 2 1 0.208
1 1 wi 2 - 3.635e+001 9.4418e -007 -1.166e -023 5.141e+002 2 1 0.175
1 1 wil 3 -4.317e+001 5.785e -023 -9.448e - 007 6.106e+002 2 1 0.208
1 1 wil 4 - 5.447e+001 5.785e -023 9.448e -007 7.703e+002 2 1 0.262
1 1 W15 -4.317e+001 5.785e -023 -9.448e - 007 6.106e+002 2 1 0.208
1 1 W1 6 3.635ef+001 -9.448e - 007 -1.157e -022 5.1 4le+002 2 1 0.175
1 1 W1 7 4.317ef+001 5.785e -023 9.448e -007 6.106e+002 2 1 0.208
1 1 W1 8 5.447ef+001 5.785e -023 -9.448e -007 7.703e+002 2 1 0.262
1 1 W2 1 5.447 e+001 -5.205e -024 -8.500e -008 7.703e+002 2 1 0.262
1 1 W2 2 4.317e+001 -5.205e -024 8.500e -008 6.106e+002 2 1 0.208
1 1 w2 3 - 3.635e+001 8.500e -008 1.041e -023 5.141e+002 2 1 0.17 5
1 1 W2 4 -4.317e+001 -5.205e -024 -8.500e -008 6.106e+002 2 1 0.208
1 1 W25 -5.447e+001 -5.205e -024 8.500e -008 7.703e+002 2 1 0.262
1 1 W26 -4.317e+001 -5.205e -024 -8.500e -008 6.106e+002 2 1 0.208
1 1 w27 -3.635e+001 -8.500e - 008 0.000e+000 5.141e+002 2 2 0.175
1 1 W2 8 4.317e+001 -5.205e - 024 8.500e -008 6.106e+002 2 1 0.208
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Exploitation envelope
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Figure B-62 Components utilization envelope

B.3.1.4.2 Bending with non -symmetric bending

In order to check CSE generality, we modify W1 weld layout deleting some fillet
welds. Layout W2 is not modified. Mode name: Validation VSP_1 4.CSE.
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Weld layout input ﬂ

- General data

™ Penetration welding layout ™ Shop s (2
10 Weld thickness

)
Apply to all sides | having length higher than | 50 o
keeping a dlear distance from borders of 0
2230
~Modify single weld: l‘
I ]
1 j' Weld Remove! § = | §
IS &
23 | =] Length
= 1 223.0
2 =l Thidoess
;I s s
0 ﬂ Position I<—| —>|| move g
a0 Angle between active faces -
14.1 Throat
Face sides

1 ﬂ Side Add weld... B

~Weld layout computing data Computing settings

17995.86758 1197 Area & e -‘—J—I —J_

87503692.201412 3y  UseIr 200M Fill PA:

325308265.78707 3, Ip: polar inertia 1 L11111111

412511957.98548 Jp Ir: sum (1/3)Lt73
™ Full constraints in FEM nodes

coc_|

Figure B-63 Modified weld layout

||=

Figure B-64 Welds numbering (layout W1)

¥

L.

Two welds were removed from the flanges (Figure B-63, Figure B-64). We will use
Saldature to cross-check CSE results, like in previous paragraph. Input data are the
following.
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200

00 |

-1 I

-200

y Fy

o

Brz

-~ BFzx

Erey

{ % -y -z:riferimento arbitrario )

b - ¢ o 2 a,=dimensione di gola dei cordoni
titolo
tutti i cordoni hanno eguale dimensione della gola pari a- mm 14,14 il dato =ostituisce tale valore riferite ad agsi principali
DGSiliUnle cordone W a L Xa Yai Xz Yeu Aln a1 =) Al LET]
cordoni mm mm mm mm mm mm cm” mm mm mm mm
cordoni 1 2230 1115 12,8 0,0 12,8 315 -112.1 107.8 -6,2 314
paralleli 2 2230 11158 -12.8 0,0 -12,8 31,5 -107.8 1121 =314 6.1
ad asse i
* 5
(neri) G
cordoni 7 2080 -1671 -149.0 -1671 0 421 -140 -180 -175 119
paralleli 8 2080 1671 -149.0 1671 0.0 421 190 140 =119 175
ad asse 9 1153 -1324 33.8 -1324 91,5 16,3 -136 -156 1 125
v 10 1153 1324 -149.0 1324 -914 16,3 156 136 -125 -1
1
(Blu) 12
caratteristiche della AA Xe ye lG"c’: lc""‘: ls"“: o le i lG"i’
sezione cm” mm mm cm cm cm radianti gradi cm cm
179,89 0 0 9.425 31.861 -3.946 -0,1691 -10 8.751 32535
Figure B-65 Saldature application: input data
Saldature gives the following results.
condizione di carico 1 unita di misura zioN/mm2
cordoni n_ dovuto a: t,. dovuto a: ty dovuto a:
w M. M, F. tot M. Fy tot M. Fyx tot
1A 1,45 41,59 0,00 43,04 0,0 0,0 0,0 0,0 0.0 0,0
1B -7.39 -39.99 0,00 A7,39 0,0 0,0 0,0 0,0 0.0 0,0
2A 740 39,99 0,00 47,39 0,0 0,0 0,0 0,0 0.0 0,0
2B -1.45 41,59 0,00 43.04 0,0 0,0 0,0 0,0 0.0 0,0
Fx Fy
TA 41,23 51,83 0,00 93,06 0,0 0,0 0,0 0,0 0.0 0,0
7B -27.98 70,44 0,00 4247 0,0 0,0 0,0 0,0 0.0 0,0
8A 27,98 70,44 0,00 4246 0,0 0,0 0,0 0,0 0.0 0,0
8B 41.23 -51.83 0,00 93,05 0,0 0,0 0,0 0,0 0.0 0,0
9A -2,60 50,55 0,00 47,95 0,0 0,0 0,0 0,0 0.0 0,0
9B -29.37 57,75 0,00 28,38 0,0 0,0 0,0 0,0 0.0 0,0
10A 29,36 -57.75 0,00 -28.39 0,0 0,0 0,0 0,0 0.0 0,0
10B 2,58 -50,55 0,00 A7,97 0,0 0,0 0,0 0,0 0,0 0,0

Figure B-66 Saldature application: stresses in welds
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Differences between normal stresses computed by CSE and Saldature are very
small: maximum is 0.06% between 47.98 (CSE) and 47.95 (Saldature). Note well: welds
numbering is different in the two programs.

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar
1 1 W1 1 4.739e+001 8.688e
1 1 w12 -4.798e+001 - 2.489%
1 1 wi 3 - 9.305e+001 2.489%
1 1 Wi 4 -4.739e+001 - 8.688e
1 1 W1 5 4.798e+001 2.489%e
1 1 W1 6 9.305e+001 - 2.489%
1 1 W2 1 5.447e+001 - 4.245e
1 1 W2 2 4.317e+001 4.245e
1 1 W2 3 3.635e+001 4.264e
1 1 W2 4 -4.317e+001 -4.24 5e-
1 1 W25 -5.447e+001 4.245e
1 1 W2 6 -4.317e+001 - 4.245e
1 1 W2 7 -3.635e+001 - 4.264e
1 1 W2 8 4.317e+001 4.245e

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

- 009
- 009
- 007

009

- 009
- 009
- 007
- 009

tPer

-2.489%

- 8.688e
8.688e
2.489%
8.688e

- 8.688e

-4.264e
4.264e
-4.245e
-4.264e
4.264e
-4.264e
4.245e
4.264e

force

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

- 007
- 007
- 009
- 007
- 007
- 007
- 009
- 007

6.703e+002
6.785e+002
1.316e+003
6.703e+002
6.785e+002
1.316e+003

7.703e+002
6.106e+002
5.141e+002
6.106e+002
7.703e+002
6.106e+002
5.141e+002
6.106e+002

Cause Ext Expl

2

NN NNN

NNNNDNNN

PNNE NN

NNNENNDN

0.228
0.231
0.448
0.228
0.231
0.448

2 1
0.208
0.175
0.208
0.262
0.208
0.175
0.208

0.262

Inviluppo Sfruttamento
0.20 040 0.60 0.80 1.00 1.2

L.

Y
I L. I
T |
T |
0 140 0.20 0.40

0.60

Inviluppo Sfruttamento
0.80 1.00

Figure B-67 Weld layouts exploitation envelope (W1: left; W2: right)

B.3.1.5 Torque

Model: Validation_VSP_1 5.CSE. In the joint node, the only internal force in members

is a torque.

M=1.341*10"Nmm.

According to Figure B-68, we can compute shear force in bolts: they are all subjected

to a shear equal to Vp,=M/Jp*d. Polar inertia moment Jj, is:
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HT 1
° ~2
3, =s(d?)= 4@@58 = 64800nnT?
g -
distance is
d =1802/2=1273mm
We have:

.
= 1340 NMMyy o5 0y 1= 2 633000° N
6.4800'mnt

180mm

180mm

Figure B-68

Bolts design resistance is FV,Rd:a\,*fub*A/g(,,Z:B.284*105N, with a,=0.6, fub:800N/mm2,
A=855.3mm? and an2=1.25. Utilization is Vp/Fy rg =0.08. CSE computes the same results.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl cause
1 1 Bl 1 1 0.000e+000 0.000e+00 0 1.862e+004 -1.862e+004  2.633e+004 0.000e+000 0.000e+000 0.000e+000 0.080 resis
1 1 Bl 2 1 0.000e+000 0.000e+000 1.862e+004 1.862e+004 2.633e+004 0.000e+000 0.000e+000 0.000e+000 0.080 resis
11 B1 3 1 0.000e+000 0.000e+000 -1.862e+004  -1.862e+004  2.633e+004 0.000e+000 0.000e+000 0.000e+000 0.080 resis
1 1 Bl 4 1 0.000e+000 0.000e+000 -1.862e+004 1.862e+004 2.633e+004 0.000e+000 0.000e+000 0.000e+ 000  0.080 resis
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To cross-check fillet welds stresses results, we are going to use Saldature application
again. Input data are the same shown in Figure B-59. Applied load and computed results

are shown in following figures.

le componenti di sollecitazione sono riferite al sist

% -y - z prescelto per la descrizione geometrica

ASSE X ASEe Y ASSE 7
carico Fy il By gz Fy My By gz Fa Il By By
[M] [N m] i mrm [M] [M ] mrn i [M] [M ] i mrn
1 13.406,4
2
3
Figure B-69 Saldature application: applied loads
condizione di carico 1 unita di misura degli sfarzic. N'mm2
cardoni n. dovuto a: t. dovuto ty dovuto
W M. M, F- tot M Fy tot M F. tot

14 0,0 0.0 0.0 0.0 -2 935 0,0 -2 585 0,343 0.0 -0.343

18 0.0 oo oo o0 25985 a0 2935 0,343 oo -0,343

248 0.0 0.0 0.0 0.0 -2 985 o0 -2 BEa 0,343 0.0 0,343

2B 0.0 oo oo o0 25985 0.0 2985 0,343 oo 0,343

F, Fy

A 0.0 oo oo o0 3,289 a0 3,932 -4 473 oo 4473

7B 0.0 0.0 0.0 0.0 -3,939 o0 3,589 -4 473 0.0 -4 473

A 0.0 oo oo o0 35289 0.0 3,933 4473 oo 4 473

2] =] 0,0 0o 0o 0.0 -3,939 o -3.589 4 473 0o 4 473

A 0,0 0.0 0.0 0.0 3,589 0,0 3,933 -3 545 0.0 -3546

9B 0.0 oo oo o0 0,204 a0 0,204 -3,546 oo -3,546

104 0,0 0o 0o 0.0 -0,904 o 0504 -3 545 0o -3 546

108 0.0 oo oo o0 -3,933 0.0 -3.9839 -3545 oo -3546

1A 0,0 0o 0o 0.0 3,589 o 3,989 3546 0o 3546

1B 0.0 0.0 0.0 0.0 0,504 o0 0,304 3546 0.0 3546

124 0.0 oo oo o0 0,304 0.0 -0.504 3546 oo 3546

128 0,0 0.0 0.0 0.0 -3,939 0,0 -3 589 3,545 0.0 3 546

Figure B-70 Saldature application: stresses in fillet we

Ids

CSE results are quite the same. Note well: correspondance between CSE and
Saldature results is tpy - t; (parallel) and tper - t. (normal). For welds numbering (different
for the two programs) see paragraph B.3.1.4.1.

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 1 W1 1 0.000e+000 - 3. 545e+000 3.989e+000 7.547e+001 3 2 0.026
1 1 W1 2 0.000e+000 3.432e -001 2.985e+000 4.2#19e+001 3 2 0.014
1 1 W1 3 0.000e+000 - 3.545e+000 -3.989e+000 7.547e+001 3 1 0.026
1 1 W1 4 - 0.000e+000 4.472e+000 -3.989e+000 §.475e+001 3 1 0.029
1 1 W15 - 0.000e+000 |- 3.545e+000 3.989e+000 7.54fe+001 3 2 0.026
1 1 W1 6 0.000e+000 3.432e -001 -2.985e+000 4.2 49e+001 3 1 0.014
1 1 W1 7 0.000e+000 - 3.545e+000 -3.989e+000 7.547e+001 3 1 0.026
1 1 W1 8 0.000e+000 4.472e+00p 3.989e+000 8.475e+001 3 | 2 0.029
100
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w2 1 -0.000 e+000 4.472e+000 -3.989e+000 8.475e+001 3 1 0.029
w2 2 -0.000e+000 - 3.545e+000 3.989e+000 7.547e+001 3 2 0.026
W2 3 0.000e+000 3.432e -001 -2.985e+000 4.249e+001 3 1 0.01 4
W2 4 0.000e+000 - 3.545e+000 -3.989e+000 7.547e+001 3 1 0.026
W2 5 0.000e+000 4.472e+000 -3.989e+000 8.475e+001 3 1 0.029
W2 6 0.000e+000 - 3.545e+000 3.989%e+ 000 7.547e+001 3 2 0.026
W2 7 0.000e+000 3.432e -001 2.985e+000 4.249e+001 3 2 0.014
W2 8 0.000e+000 - 3.545e+000 -3.989e+000 7.547e+001 3 1 0.026
-

hi

Exploitation envelope

0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-71 Components utilization envelope
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B.4 BEAM TO BEAM JOINTS

B.4.1 Single sided simply supported beam to beam (DAC)

The joint we are going to study is able to transfer only shear from supported beam to
supporting beam. The joint is built using double angle cleat; bolts used can carry shear

forces only. (model: Validation_BB_1.CSE).

Figure B-72 3D view of the joint

jnm |
]
>
| mE]
@

Figure B-73 Bolt layouts offsets
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Model data: - material: S235.
- supporting beam: IPE360
- supported beam: IPE 270
- angles: L100x100x6mm, length 200mm
- bolts: M14, class 10.9F (1 column and 3 rows, distance 60mm)
- maximum shear force: 68347N

B
E|7F Members

=k m1 Beam

- @-L IPE 36D

.7 Clamp

B 5 me Beam

=T IPE270

----- @ h=270.0mm

----- ® b=1350mm

----- & tw= 66mm

----- & tf= 10.2mm

----- @ r=150mm

----- ® hl=2196mm

----- & hZ= 252mm

----- T Fexural hinge

----- fem Beam - Beam

-align Mammal homogeneous by web
ﬂ--xf‘ Through

Eﬂ--xf‘ Joiners

()

Figure B-74 Cross -section properties

3 @ 3
gno ik i
@ @ @G

Figure B-75 Bolts humbering
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Maximum shear force has been computed in imported FEM model, in the envelope of

check combinations. Now compute force distridtl
| ayout on supported beam and fA20 the bolt | ay
Di stance between bolt | ayout AfAlO0Figued73.uppor

Being an offset equal to 60mm, ther is also a moment of transport in bolt layout. It
produces additional shear in external bolts (not in central one, which is in layout centre);
this shear (H,) is normal to V1. (Figure B-76). We have:

Vg1 =V =68347N
M &= V*a =4100820Nmm

where h & 120mm (see Figure B-76).

Figure B-76

Shear Vp; is equally distributed on each bolt. V1 and H1 are the following:

V1= Vp1 /13 =68347/3 = 22782.3N
H1=M&h & 4100820Nmm / 120mm = 34173.5N
External bolts are subjected to the following total shear force:

Ri= (V2 +H2 =41071.4N

Since bolts have two check sections (see Figure B-77), internal force in each section
is R1/2 = 20535.7N.
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Figure B-77

Parasitic bending in bolts shaft was not considered.

Now compute shear forces in bolts on supporting beam. Total force is equally
distributed to the two bolt layouts:

Vgr = V/2 = 34173.5N
each bolt carries one third of this force
V5 =VgEo/3 =11391.2N

Also in this case we have to consider the moment of transport. Offset is b=59.3mm
(see Figure B-73). Moment is:

M &= Vgo*b =2026488.6Nmm
Normal shear on external bolts is, with h 8ht&L20mm:
Hr=M&h® = 16887. 4N

Total force on external bolts is equal to (neglecting parasitic bending on shafts):

R.= (V2 +H2 =20370.2N

Figure B-78
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Letds see how CSE computes forces distri
Forces acting over bolt layouts at different extremes, global system
Id Inst Combi Ext Fx Fy Fz Mx My Mz

Bl 1 3 1 0.0000e+000 - 3.4173e+004 0.0000e+000 - 2.3921e+005 0.0000e+000 - 1.8910e+006

Bl 1 3 2 0.0000e+000 3.4173e+004 0.0000e+000 - 6.8802e - 004 0.0000e+000 1.8910e+006

B2 1 3 1 0.0000e+000 - 3.4173e+004 0.0000e+000 - 2.3921e+005 0.0000e+000 1.8910e+006

B2 1 3 2 0.0000e+000 3.4173e+004 0.0000e+000 - 6.8607e - 004 0.0000e+000 - 1.8910e+006

B3 1 3 1 0.0000e+000 3.4173e+004 0.0000e+000 7.9761e+004 0.0000e+000 - 2.0504e+006

B3 1 3 2 0.0000e+000 - 6.8347e+004 0.0000e+000 0.0000e+000 0.0000e+000 4.1008e+006

B3 1 3 3 0.0000e+000 3.4173e+004 0.0000e+000 - 7.9761e+004 0.0000e+000 - 2.0504e+006

Forces and moment computed for supported beam bolt layout are the same. There
is a difference in moment on supporting beam bolt layout (1 6.69%): this is due to bending
in bolts shaft, neglected in simplified hand computations but computed by CSE. The
reason is the following: bolt layout on supported beam has the primary offset (a) only, so
hand computation gives the same results; force is transferred in correspondence of
supported beam axis. On supporting beam bolt layout, in addition to primary offset (b), we
should consider that forces coming from supported beam weld layout are transferred to
cleats in correspondence of angle sides: there is an additional offset to be considered (it
reduces primary offset).

The following abstract gives the forces computed by CSE on supporting beam bolts
(layouts B1 and B2, one check section) and on supported beam bolts (layout B3, two
check sections). Differences from hand computation on B1 and B2 are due to the

difference on moment computation explained above.

Internal actions in bolts at different planes, exploitations

but

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl cause
1 1 Bl 1 1 0.000e+000 0.000e+000 -1.569e+004 - 1.134e+004 1.937e+004 - 4.538e+004 0.000e+000 4.538e+004 0.262 resis
1 1 Bl 2 1 0.000e+000 0.000e+000 0.000e+000 -1.134e+004 1.134e  +004 -4.538e+004 0.000e+000 4.538e+004 0.154 resis
1 1 B1 3 1 0.000e+000 0.000e+000 1.569e+004 - 1.134e+004 1.937e+004 - 4.538e+004 0.000e+000 4.538e+004 0.262 resis
1 1 B2 1 1 0.000e+000 0.000e+ 000 1.569e+004 - 1.134e+004 1.937e+004 - 4.538e+004 0.000e+000 4.538e+004 0.262 resis
1 1 B2 2 1 0.000e+000 0.000e+000 0.000e+000 - 1.134e+004 1.134e+004 - 4.538e+004 0.000e+000 4.538e+004 0.154 resis
1 1 B2 3 1 0.000e+000 0.000e+000 - 1.569e+004 - 1.134e+004 1.937e+004 - 4.538e+004 0.000e+000 4.538e+004 0.262 resis
1 1 B3 1 1 0.000e+000 0.000e+000 -1.702e+004 1.134e+004 2.045e+004 - 7.555e+003 0.000e+000 7.55 5e+003 0.277
1 1 B3 1 2 0.000e+000 0.000e+000 1.702e+004 - 1.134e+004 2.045e+004 - 7.555e+003 0.000e+000 7.555e+003 0.277 resis
1 1 B3 2 1 0.000e+000 0.000e+000 0.000e+000 1.134e+004 1.134e +004 - 7.555e+003 0.000e+000 7.555e+003 0.154 resis
1 1 B3 2 2 0.000e+000 0.000e+000 0.000e+000 - 1.134e+004 1.134e+004 - 7.555e+003 0.000e+000 7.555e+003 0.154
1 1 B3 3 1 0.000e+000 0.000e+0 00 1.702e+004 1.134e+004 2.045e+004 - 7.555e+003 0.000e+000 7.555e+003 0.277
1 1 B3 3 2 0.000e+000 0.000e+000 - 1.702e+004 - 1.134e+004 2.045e+004 - 7.555e+003 0.000e+000 7.555e+003 0.277 resis
1 2 Bl 1 1 0.000e+000 0.000e+000 -1.132e+004  -8.183e+003 1.397e+004 - 3.273e+004 0.000e+000 3.273e+004 0.189 resis
1 2 Bl 2 1 0.000e+000 0.000e+000 0.000e+000 - 8.183e+003 8.183e+003 - 3.273e+004 0.000e+000 3.273 e+004 0.111 resis
1 2 Bl 3 1 0.000e+000 0.000e+000 1.132e+004 - 8.183e+003 1.397e+004 - 3.273e+004 0.000e+000 3.273e+004 0.189 resis
1 2 B2 1 1 0.000e+000 0.000e+000 1.132e+004 -8.183e+003 1.397e  +004 -3.273e+004 0.000e+000 3.273e+004 0.189 resis
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1 2 B2 2 1 0.000e+000 0.000e+000 0.000e+000 - 8.183e+003 8.183e+003

1 2 B2 3 1 0.000e+000 0.000e+0 00 -1.132e+004 - 8.183e+003 1.397e+004

1 2 B3 1 1 0.000e+000 0.000e+000 -1.227e+004 8.183e+003 1.475e+004

1 2 B3 1 2 0.000e+000 0.000e+000 1.227e+004 - 8.183e+003 1.475e+004

1 2 B3 2 1 0.000e+000 0.000e+000 0.000e+000 8.183e+003 8.183e+003

1 2 B3 2 2 0.000e+000 0.000e+000 0.000e+000 - 8.183e+003 8.183e+003

1 2 B3 3 1 0.000e+000 0.000e+000 1.227e+004 8.183e+003 1.475e+ 004
1 2 B3 3 2 0.000e+000 0.000e+000 - 1.227e+004 - 8.183e+003 1.475e+004

1 3 Bl 1 1 0.000e+000 0.000e+0 00 -1.576e+004 - 1.139e+004 1.944e+004

1 3 Bl 2 1 0.000e+000 0.000e+000 0.000e+000 -1.139e+004 1.139e+004

1 3 Bl 3 1 0.000e+000 0.000e+000 1.576e+004 - 1.139e+004 1.944e+004

1 3 B2 1 1 0.000e+000 0.000e+000 1.576e+004 - 1.139e+004 1.944e+004

1 3 B2 2 1 0.000e+000 0.000e+000 0.000e+000 -1.139e+004 1.139e+004

1 3 B2 3 1 0.000e+000 0.000e+000 - 1.576e+004 - 1.139e+004 1.944e+ 004
1 3 B3 1 1 0.000e+000 0.000e+000 -1.709e+004 1.139e+004 2.054e+004

1 3 B3 1 2 0.000e+000 0.000e+0 00 1.709e+004 -1.139e+004 2.054e+004

1 3 B3 2 1 0.000e+000 0.000e+000 0.000e+000 1.139e+004 1.139e+004

1 3 B3 2 2 0.000e+000 0.000e+000 0.000e+000 -1.139e+004 1.139e+004

1 3 B3 3 1 0.000e+000 0.000e+000 1.709e+004 1.139e+004 2.054e+004

1 3 B3 3 2 0.000e+000 0.000e+000 - 1.709e+004 - 1.139e+004 2.054e+004

HC ST

- 3.273e+004
- 3.273e+004

- 5.450e+003
- 5.450e+003
- 5.450e+003
- 5.450e+003
- 5.450e+003
- 5.450e+003

- 4.556e+004
- 4.556e+004
- 4.556e+004

- 4.556e+004
- 4.556e+004
- 4.556e+004

0.000e+000
0.000e+000

0.000e+000
0.000e+000
0.000e+000
0.000e+000
0.000e+000
0.000e+000

0.000e+000
0.000e+000
0.000e+000

0.000e+000
0.000e+000
0.000e+000

- 7.586e+003 0.000e+000
- 7.586e+003 0.000e+000
- 7.586e+003 0.000e+000
- 7.586e+003 0.000e+000
- 7.586e+003 0.000e+000
- 7.586e+003 0.000e+000

3.273e+004
3.273e+004

5.450e+003
5.450e+003
5.450

5.450e+003
5.450e+003
5.450e+003

4.556e+004
4.556e+004
4.556e+004

4.556
4.556e+004
4.556e+004

7.586e+003
7.586e+003
7.586e+003
7.586e+003
7.586e

7.586e+003

0.111 resis
0.189 resis

0.200

0.200 resis

e+003 0.111 resis
0.111

0.200

0.200 resis

0.263 resis
0.154 resis
0.263 resis

e+004 0.263 resis
0.154 resis
0.263 resis

0.278
0.278 resis
0.154 resis
0.154
+003 0.278
0.278 resis

Design shear resistance for M14 (class 10.9) bolts according to EN1993-1-8 is:

Id Class Dia DiaH
B1 10.9
B2 10.9
B3 10.9

14.0 15.0
14.0 15.0
14.0 15.0

Fv ra=avfunA/gus | 7.387E+04N
a, 0.6 *
fup 1000N/mm?
A 153.9mm?
G2 1.25

* threaded part is not involved in check sections, according to check settings

Sec Full Precision

1 yes not
1 yes not 1.53%
2 yes not

Area Ares

1.539e+002 1.150e+002

Viim NIlim

Nini

7.389e+004

8.280e+004 0.000e+000

+002 1.150e+002 7.389e+004 8.280e+004 0.000e+000

1.539e+002 1.150e+002 7.389e+004 8.280e+004 0.000e+000

If we consider section 2 of bolt 3 of bolt layout B3 (supported beam bolt layout,
external bolt, see Figure B-75) we have the following utilization factor:

2.054*10*N / 7.387*10*N = 0.278

This is the same value computed by CSE (see abstract).

Now we are going to compute bolt bearing utilization factor for supported beam,
according to EN1993-1-8 formulae (see appendix). Force on beam web is twice the force
in bolts check sections. Consider one of the external bolts (the most loaded ones).

Fx 3,418E+04 Fy 2,278E+04
Fp rdx 6,653E+04 Fo.rdy 6,653E+04
kl 215 kl 2,5
2,8e,/do-1,7 7,596 2,8e,/do-1,7 7,596
25 2,5
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ap 1 ap 1,000
agq 1,106666667 ay 1,107
fun/fu 2,78 fun/fu 2,78
p1/3dq-0,25 1,08
1 1
fu 360 fu 360
d 14 d 14
do 15 do 15
t 6,6 t 6,6
e;=min(e 1,e5) 49,8 e;=min(e 1,e,) 49,8
e,=min(e 1,e,) 49,8 e,=min(e 1,e,) 49,8
P1 0 P1 60
P2 60 P2 0
expl x 0,514 exply 0,342
EXPL= 0,617

To be on the safe side, el and e2 are assumed equal to minimum between el and e2
expl=,/expl; +expll =0,617

Now compute bolt bearing for the central bolt (only force parallel to applied load, see
Figure B-76):

Fy 2.278E+04N
Fb.Rdy 6.653E+04N
Ky 2.5
2.8e,/dy-1.7 7.596
ap 1
ay 1.083
fun/fy 2.78
fy 360N/mm®
d 14mm
do 15mm
t 6.6mm
e 49.8mm
e, 49.8mm
P1 60mm
P2 /
exply 0.342

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

Note well: see B.2.1.2.1 for a detailed step-by-step computation of design resistance
forces and utilization factors.
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Maximum utilization factor is 0.617, the same computed by CSE.

Members whose maximum utilization ratio is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma  SigmaM Expl
( N/'mm?)  ( N/ mm2)

1 3 ml B2 1 2 173.6 720.0 0.241
1 3 m2 B3 1 2 4445 720.0 0.617

e

CSE® - by Castalia srl - www steelchecks.com - ver. 6,92 January-11-2016 - sn:100101

Utilization envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-79 Components utilization envelope

B.4.2 Double sided simply supported beam to beam (DAC)

We add another finite element to the imported FEM model, to consider a double sided
beam to beam joint; loads are the same, 3D joint is again with double angle cleats. The
difference, now, is that bolt layouts on supported beam have 2 check sections. (model:
Validation_BB_2.CSE).

Supported beams are exactly in the same condition of single supported beam in
previous case. Supporting beam now carries a load that is twice than before. Since bolt
layouts now have two check sections, internal forces should be equal to the previous case.
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Figure B-80 3D view of the joint
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Figure B-81 Front view
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Figure B-82 Side view
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Figure B-83 Bolts numbering
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Figure B-84 Bolts numbering

The following abstract gives CSE results for combination 3, the most critical one:
forces acting on layouts and then forces in single bolts. B1 and B2 are supporting beam
bolt layouts; B3 and B4 are supported beam bolt layouts.

Forces acting over bolt layouts at different extremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz
Bl 1 3 1 0.0000e+000 - 3.4173e+004 0.0000e+000 - 2.3921e+005 0.0000e+000 - 1.8910e+006
B1 1 3 2 0.0000e+000 6.8347e+004 0.0000e+000 - 6.0607e - 004 0.0000e+000 3.7819e+006
Bl 1 3 3 0.0000e+000 - 3.4173e+004 0.0000e+000 2.3921e+005 0.0000e+000 - 1.8910e+006
B2 1 3 1 0.0000e+000 - 3.4173e+004 0.0000 e+000 - 2.3921e+005 0.0000e+000 1.8910e+006
B2 1 3 2 0.0000e+000 6.8347e+004 0.0000e+000 - 6.0369e - 004 0.0000e+000 - 3.7819e+006
B2 1 3 3 0.0000e+000 - 3.4173e+004 0.0000e+000 2.3921e+005 0.0000e+000 1.8910e+006
B3 1 3 1 0.0000e+000 3.4173e+004 0.0000e+000 7.9761e+004 0.0000e+000 - 2.0504e+006
B3 1 3 2 0.0000e+000 - 6.8347e+004 0.0000e+000 2.0373e - 010 0.0000e+000 4.1008e+006
B3 1 3 3 0.0000e+000 3.4173e+004 0.0000e+ 000 -7.9761e+004 0.0000e+000 - 2.0504e+006
B4 1 3 1 0.0000e+000 3.4173e+004 0.0000e+000 7.9761e+004 0.0000e+000 2.0504e+006
B4 1 3 2 0.0000e+000 - 6.8347e+004 0.0000e+000 - 1.6589e - 009 0.0000e+000 - 4.1008e+006
B4 1 3 3 0.0000e+000 3.4173e+004 0.0000e+000 - 7.9761e+004 0.0000e+000 2.0504e+006

Internal actions in bolts at different planes, exploitations

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

1 3 Bl 1 1 0.000e+000 0.000e+000 -1.576e+004  -1.139e+004 1.944e+0 04 -4.556e+004 0.000e+000 4.556e+004 0.263 resis
1 3 Bl 1 2 0.000e+000 0.000e+000 1.576e+004 1.139e+004 1.944e+004 - 4.556e+004 0.000e+000 4.556e+004 0.263

1 3 Bl 2 1 0.000e+000 0.000e+000 0.000e+000 - 1.139e+004 1.139e+004 - 4.556e+004 0.000e+000 4.556e+004 0.154 resis
1 3 Bl 2 2 0.000e+000 0.000e+000 0.000e+000 1.139e+004 1.139e+004 - 4.556e+004 0.000e+000 4.556e+004 0.154

1 3 B1 3 1 0.000e+000 0.000e+000 1.576e+004 - 1.139e+004 1.944e+004 - 4.556e+004 0.000e+000 4.556e+004 0.263 resis
1 3 Bl 3 2 0.000e+000 0.000e+000 -1.576e+004 1.139e+004 1.944e+004 - 4.556e+004 0.000e+000 4.556e+0 04 0.263
1 3 B2 1 1 0.000e+000 0.000e+000 1.576e+004 - 1.139e+004 1.944e+004 - 4.556e+004 0.000e+000 4.556e+004 0.263 resis
1 3 B2 1 2 0.000e+000 0.000e+000 -1.576e+004 1.139e+004 1.944e+00 4 - 4.556e+004 0.000e+000 4.556e+004 0.263

1 3 B2 2 1 0.000e+000 0.000e+000 0.000e+000 -1.139e+004 1.139e+004 - 4.556e+004 0.000e+000 4.556e+004 0.154 resis
1 3 B2 2 2 0.000e+000 0.000e+000 0.000e+000 1.139e+004 1.139e+004 - 4.556e+004 0.000e+000 4.556e+004 0.154

1 3 B2 3 1 0.000e+000 0.000e+000 - 1.576e+004 - 1.139e+004 1.944e+004 - 4.556e+004 0.000e+000 4.556e+004 0.263 resis
1 3 B 2 3 2 0.000e+000 0.000e+000 1.576e+004 1.139e+004 1.944e+004 - 4.556e+004 0.000e+000 4.556e+004 0.263
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1 3 B3 1 1 0.000e+000 0.000e+000 -1.709e+004 1.139e+004 2.054e+004 - 7.586e+003
1 3 B3 1 2 0.000e+000 0.000e+000 1.709e+004 -1.139e+004 2.054e+004 - 7.586e+003
1 3 B3 2 1 0.000e+000 0.000e+000 0.000e+000 1.139e+004 1.139e+004 - 7.586e+003
1 3 B3 2 2 0.000e+000 0.000e+000 0.000e+000 -1.139e+004 1.139e+004 - 7.586e+003
1 3 B3 3 1 0.000e+000 0.000e+000 1.709e+004 1.139e+004 2.054e+004 - 7.586e+003
1 3 B3 3 2 0.000e+000 0.000e+000 - 1.709e+004 - 1.139e+004 2.054e+004 - 7.586e+003
1 3 B 4 1 1 0.000e+000 0.000e+000 1.709e+004 1.139e+004 2.054e+004 - 7.586e+003
1 3 B4 1 2 0.000e+000 0.000e+000 - 1.709e+004 - 1.139e+004 2.054e+004 - 7.586e+003
1 3 B4 2 1 0.000e+000 0.000e+000 0.000e+000 1.139e+004 1.139e+004 - 7.586e+003
1 3 B4 2 2 0.000e+000 0.000e+000 0.000e+000 -1.139e+004 1.139e+004 - 7.586e+003
1 3 B4 3 1 0.000e+000 0.000e+000 -1.709e+004 1.139e+004 2.054e+004 - 7.586e+003
1 3 B4 3 2 0.000e+000 0.000e+000 1.709e+004 - 1.139e+004 2.054e+004 - 7.586e+003

Comparing these results we can see, as expected,
utilizations factors) in bolts on supported beams are the same

0.000e+000 7.586e+0 03 0.278 resis
0.000e+000 7.586e+003 0.278
0.000e+000 7.586e+003 0.154 resis
0.000e+000 7.586e+003 0.154
0.000e+000 7.586e+003 0.278 resis
0.000e+000 7.586e+003 0.278

0.000e+000 7.586e+003 0.278 resis
0.000e+000 7.586e+00 3 0278
0.000e+000 7.586e+003 0.154
0.000e+000 7.586e+003 0.154 resis
0.000e+000 7.586e+003 0.278 resis
0.000e+000 7.586e+003 0.278

that internal forces (and
of previous cases. Bolts on

supporting beams carry twice the load of previous case, but it is divided in two check

sections, as expected.

Bolt bearing utilization of supported beams is the same of previous case; supporting
beam utilization factor is twice the previous value, as expected (0.482 versus 0.241),

because carried force is twice the previous one.

Members whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma Sigma M Expl

1 3 ml Bl 1 2 3.472e+002 7.200e+002 0.482
1 3 m2 B3 1 2 4.445e+002 7.200e+002 0.617
1 3 m3 B4 1 2 4.445e+002 7.200e+002 0.617

We can also check that cleats utilization is the same in both cases (first abstract:
double sided beam to beam; second abstract: single sided beam to beam).

Through whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma  Sigma M Expl
1 3 L1 B3 1 1 2.445e+002 6.080e+002 0.402
1 3 L2 B4 1 1 2.445e+002 6.080e+002 0.402
1 3 L3 B3 1 3 2.445e+002 6.080e+002 0.402
1 3 L4 B 4 1 3 2.445e+002 6.080e+002 0.402

Through whose maximum exploitation is due to bearing stresses

Inst Com bi Name Boltlay Bolt Extr. Sigma  SigmaM Expl

1 3 L1 B3 1 1 2.445e+002 6.080e+002 0.402
1 3 L2 B3 1 3 2.445e+002 6.080e+002 0.402
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Figure B-85 Components utilization envelope

B.4.3 Single sided simply supported beam to beam (flexible end plate)

We make some modifications to the model used in B.4.1. Imported FEM model is the
same (geometry, loads, etc.). Now, instead of double angle cleats, we use a flexible end
plate connection (model: Validation_BB_3.CSE).

Model data: - material: S235
- supporting beam: IPE360
- supported beam IPE 270
- plate: 200x206.6mm, thickness 6mm
- bolts: M14 class 10.9F (3 rows, 2 columns)
- maximum shear force: 68347N
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Figure B-86 3D view of the joint
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Figure B-87 Detail of the plate
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Figure B-88 Detail of bolt layout

Consider the bolt layout: in B.4.1. bolts on supporting beam belonged to 2 different
bolt layouts; here we have a single bolt layout. It is centered (no offset) so there is no
moment of transport acting on it.

oos

T
[
g

Figure B-89

The physical difference is that, in the first case, bolts must avoid angles slip/rotation,
while in this case is the plate to prevent that with its stiffness. Since we have 6 bolts, each
one of them carries 1/6 of total applied load:

68347 /6 = 11391.17N
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If we divide that force by bolts design resistance to shear (previously computed in
B.4.1) we get the following utilization factor:

11391.17 /73872 = 0.154

It is the same utilization of central bolts in DAC case, where there was no additional

shear due to moment of transport (see B.4.1). CSE computes the same value:

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt

B2
B2
B2
B2
B2
B2

PRERP R
WWwwwww

oURWN R
PRERRRR

S

NB

-2.557e
-2.55 7e-
- 2.557e
- 2.557e
- 2.557e
- 2.557e

-014

014

-014
-014
-014
-014

NTB

- 2.557e
- 2.557e
- 2.557e
- 2.557e
- 2.557e
- 2.557e

TuB

-014
-014
-014
-014
-014
-014

9.85%
9.85%
9.864e
9.864e
9.869¢
9.869¢

-011
-011
-011
-011
-011
-011

TvB B

1.139e+004 1.139e+004
1.139e+004 1.139e+004
1.139e+004 1.139e+004
1.139e+004 1.139e+004
1.139e+004 1.139e+004
1.139e+004 1.139e+004

MuB MvB MB
4.556e+004 5.240e -010
4.556e+004 5.240e -010
4.556e+004 5.240e -010
4.556e+004 5.240e -010
4.556e+004 5. 240e-010
4.556e+004 5.240e -010

4.556e+004
4.556e+004
4.556e+004
4.556e+004
4.556e+004
4.556e+004

Expl

0.154 resis
0.154 resis
0.154 resis
0.154 resis
0.154 resis
0.154 resis

cause

To validate stress results for fillet weld, we use Saldature application again (see
A.3). Following images show input data and stress results.

100

100

-100

100

Ry

L1,a1/

(% -y -z : riferimento arhitrario )

a; =dimensione di gola dei cordoni

Confronto con CSE

tulti ¥ cordoni hanno egquale dimensione delia gola pari a; mm i1 I dato sostituisce tale valore riferite ad assi principali
posizione| . 3 L Haj Y o Yo Aiz Eaj fgi P Tei
cordoni mm i mim i i mm crm mm mim M frm
. 1
cordani 5
paralleli
ad asse 3
X 4
]
(neri) 5
cordani 7 1996 -33 -33 100 142 -3 -3 -100 100
- a 1996 33 i3 098 14,2 3 3 -100 100
paralleli 5
ad asse 10
¥ 11
{hlu) 12
caratteristiche della A e Yo losox Loy Loy s lo 3 lown
sezione crn’ mim i cm? cm? cm? radianti gradi crt cm
28,3 0 100 941 3 0 0,0000 0 941 3

CSE: worked examples i validation (part B)

Figure B-90 Saldature application: input data
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le comg ti di sollecitazione sono riferite al sist % - ¥ -  prescelto per la descrizione g trica
asse X asse y asse 7
carico Fu tly 2y 2 Fy hlye By 2, Fs M, 2y ey
[M] [M m] i i [M] [N m] i i [M] [M m] i i
1 683,59 68.347.0
2
3

Figure B-91 Saldature application: applied loads

Where Fy is the applied shear and My is the moment of tran sport due to the
eccentricity between welds and supporting beam axis.

My=F,*d=68347N*10mm=683470Nmm

where d=10 is the sum of half supporting beam web (8/2=4mm) and plate thickness
(6mm).

Stresses computed by Saldature are the following.

condizione di carico 1 unita di misura degli sforzi:. N/mm2

cordoni n.  dovuto a: t. dovuto a: ty dovuto a:
wt M, M,, F. tot M. F, tot M. F. tot
7A -7 278 0,0 0.0 -7 278 0,0 0,0 0,0 0.0 2421 24 2
7B 7278 0.0 0,0 7278 00 0.0 0.0 0.0 24 21 24 21
8A -7 278 0.0 0,0 -7 278 00 0.0 0.0 0.0 24 21 24 21
BB 7278 0o 00 7278 oo no 0o 0o 24 21 2421

Figure B-92 Saldature application: stresses in welds

CSE computes the same values:

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 3 wili1 7.278e+000 -2.421e+001 -9.128e -015 1.788e+002 2 1 0.122
1 3 wi 2 -7.278e+000 2.421e+001 6.176e -015 1.788e+002 2 1 0.122

NOTE WELL: values for both extremes of each weld are given in Saldature, while
CSE gives only maximum value.
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Figure B-93 Components utilization envelope
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B.5 BEAM TO COLUMN JOINT

B.5.1 Double angle cleats (connection on column web)

Consider a beam to column joint with double angle cleats (hinge). Beam cross-
section is IPE400, column cross-section is HEB 260 (both in S235). In imported FEM
model we have two identical joints sharing the same horizontal beam: CSE recognizes
them as different instances of the same joints and checks them at the same time (model:
Validation_BC_1.CSE). A vertical load is applied in the middle point of horizontal beam.

Angle cleats have the following sizes: 160x80x10mm (S235). Bolts are M8 class 8.8,
with the following geometry: a layout with 2 columns per 10 rows on the beam, two layouts
with 1 column per 10 rows on the column.

W 2

Figure B-94 3D view of the joint
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Figure B-95 Front view

Figure B-96 Top view
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Figure B-97 Back view

=

E‘?[\T Members

El- b m1 Column

=T HE260B

----- & h=2600mm
----- & b=2600mm
----- & tw= 10.0mm
----- & tf= 17.5mm
----- & r=240mm
----- & h1=177.0mm
----- & hZ= 415mm
..... T Clamp

= % m2 Beam

=- I IPE 400

----- & h =400.0mm
----- & b=180.0mm
----- & tw= 86mm
----- & tf= 135mm
----- & r=21.0mm
----- ® hi1=331.0mm
----- & hZ= 345mm
----- T Fleswwral hinge

----- fem Beam - Beam
~align Mormal swapped by web
EEI--xf‘ Through

Eﬂ--xﬁ' Joiners

Figure B-98 Cross -section properties
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Figure B-99 Bolts numbering (beam)
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Figure B-100 Bolts numbering (column)
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Force applied in imported model is P=500kN, in the middle of the beam. Half of the
load is carried by one joint and half by the other one (V=250kN).

Now we are going to compute forces in bolt layouts with the same simplified hand
computations used in previous paragraphs. On column web, V shear is distributed in two
different bolt layouts: each one carries half of the load and a moment of transport due to
the offset.

V=Vi2 1.2500E+05N

A 52.55mm
M.=V/2*a [6.5688E+06NmMm

For beam web we have:

Vi 2.5000E+05N
b 97.25m
My'=Vp*h  [2.4313E+07Nmm

CSE computes in a more accurate way the distribution of the forces, considering also
bolts length (see paragraph B.4.1). Bolt layouts on column web have also an additional
offset in beam axis direction: the program computes a different moment of transport,
because in simplified hand computation M &V*a this further offset is not considered. As
shown in following abstract, value computed by CSE is & 5.9695*10°Nmm; we will use this
value from now on. All the other values are equal to those hand computed. B1 and B2 are
bolt layouts on column web (1 check section), B3 is bolt layout on beam web (2 check
sections).

Forces acting over bolt layouts at different extremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz
B2 1 1 1 4.8750e -006 -1.2500e+005 -1.1313e -008 -1.2500e+006 - 4.8156e - 005 -5.9695e+006
B2 1 1 2 -4.8750e -006 1 .2500e+005 1.1313e  -008 -4.6148e -002 -5.9430e - 007 5.9695e+006
Bl 1 1 1 -4.8750e - 006 1.2500e+005 1.1313e - 008 1.2500e+006 4.8156e - 005 5.9695e+006
Bl 1 1 2 4.8750e -006 -1.2500e+005 -1.1313e -008 4.6277e -002 5.9430e -007 -5.9695e+006
B3 1 1 1 1.1313e - 008 1.2500e+005 4.8750e - 006 5.6327e+005 4.7399e -004 -1.2156e+007
B3 1 1 2 -7.9621e - 020 -2.5000e+005 -9.7500e - 006 7.7998e -009 -9.4819e -004 2.4312e+007
B3 1 1 3 -1.1313e -008 1.2 500e+005 4.8750e -006 -5.6327e+005 4.7399e -004 -1.2156e+007

Internal forces in check sections of B1 and B2 bolts are (bolts distance is equal to
30mm, forces are in Newton):
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dyi | FeMd iy | FEVU10  [R=\JF2+F,% | expl
135 | 1.085E+04 | 1.250E+04 1.655E+04 0.857
105 | 8.442E+03 | 1.250E+04 1.508E+04 0.781
75 | 6.030E+03 | 1.250E+04 1.388E+04 0.719
45 | 3.618E+03 | 1.250E+04 1.301E+04 0.674
15 | 1.206E+03 | 1.250E+04 1.256E+04 0.650
15 | 1.206E+03 | 1.250E+04 1.256E+04 0.650
45 | 3.618E+03 | 1.250E+04 1.301E+04 0.674
75 | 6.030E+03 | 1.250E+04 1.388E+04 0.719
105 | 8.442E+03 | 1.250E+04 1.508E+04 0.781
135 | 1.085E+04 | 1.250E+04 1.655E+04 0.857

Fy is the total shear on the layout divided by bolts number (10). Fy is the force on
each bolt due to moment of transport: it is equal to the moment multiplied by considered
bolt distance from layout centre (dy) and divided by layout polar inertia moment Jp,.

Jp = S(dy;) = 2 * (15° + 45° + 75% + 105° + 135%) = 74250mm?

R is the resultant force on each bolt (sum of F, e F, components). In previous table,
bolts utilization factor is also given (expl). It is equal to R divided by bolts design resistance
for Fy rg=av*fub*Awt gu2=1.932*10"N, with a,=0.6 and gu,=1.25.

Now we are going to compute in detail the firs bolt of previous table.
Fx = Mc@J,*dy; = 5969500Nmm / 74250mm?* 135mm * 1.085*10°N
Fy = V¢/10 = 125000N / 10 = 12500N

Fx and Fy, composition on considered bolt is:

R=JF +F, =(1.08500° N} +(1.25000'N)} =1.65500°N

On beam web bolt layout we have the same distance between bolts in a column.
Distance between the columns is 54mm. Bolts have 2 check sections, so internal forces
are half of the forces acting on bolt layout extremes.

As we have seen in B.2.1.3, y component of the force is the sum of applied shear
divided by bolts number and the component in y direction of the reaction to torque
(moment of transport); the only force in x direction is the component of the reaction to the
torque. For both rows the x component is:

dy  NxusMd diy
135 | 1.0062E+04
105 | 7.8259E+03
75 | 5.5899E+03
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45 3.3540E+03
15 1.1180E+03
15 1.1180E+03
45 3.3540E+03
75 5.5899E+03
105 7.8259E+03
135 1.0062E+04

In y direction, the force due to applied shear distribution on bolts (6.250*10°N) and the
force due to reaction to torque (2.0124*103N) have the same sign on the bolts of one
column (resultant is 8.262*10°N). F, and Fy composition is, in Newton:

Thot
1.302E+04|1.092E+04
1.138E+04 |8.900E+03
9.976E+03|7.015E+03
8.917E+03|5.404E+03
8.338E+03|4.383E+03
8.338E+03|4.383E+03
8.917E+03|5.404E+03
9.976E+03|7.015E+03
1.138E+04|8.900E+03
1.302E+04|1.092E+04

Utilization factors are:

expl B3
0.674 0.565
0.589 0.461
0.516 0.363
0.462 0.280
0.432 0.227
0.432 0.227
0.462 0.280
0.516 0.363
0.589 0.461
0.674 0.565

As we see in following abstract, CSE computes the same values, unless negligible

roundings.
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Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cause
1 1 B211 -1.131e -009 -1.131e -009 -1.085e+004 - 1.250e+004 1.655e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.858 resis
1 1 B221 -1.131e -009 -1.131e -009 -8.442e+003 - 1.250e+004 1.508e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.781 resis
1 1 B231 -1.131e -009 -1.131e -009 -6.030e+003 - 1.250e+004 1.388e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.719 resis
1 1 B2 41 -1.131e -009 -1.131e -009 -3.618e+003 - 1.250e+004 1.301e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.674 resis
1 1 B251 -1.131e -009 -1.131e -009 -1.206e+003 - 1.250e+004 1.256e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.651 resis
1 1 B26 1 -1.131e -009 -1.131e -009 1.206e+003 - 1.250e+004 1.256e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.651 resis
1 1 B2 71 -1.131e -009 -1.131e -009 3.618e+003 - 1.250e+004 1.301e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.674 resis
1 1 B28 1 -1.131e -009 -1.131e -009 6.030e+003 - 1.250e+004 1.388e+004 - 6.250e+004 -2.378e - 006 6.250e+004 0.719 resis
1 1 B291 -1.131e -009 -1.131e -009 8.442e+003 - 1.250e+004 1.508e+004 - 6.250e+004 -2.378e -006 6.250e+004 0.781 resis
1 1 B210 1 -1.131e -009 -1.131e -009 1.085e+004 -1.250e+004  1.655e+004 - 6.250e+004 -2.378e - 006 6.250e+004 0.858 resis
1 1 Bl 1 1 113le -009 1.131e -009 1.085e+004 1.250e+004 1.655e+004 6.250e+004 2.378e -006 6.250e+004 0.858 resis
1 1 Bl 2 1 113le -009 1 .131e -009 8.442e+003 1.250e+004 1.508e+004 6.250e+004 2.378e -006 6.250e+004 0.781 resis
1 1 Bl 3 1 113le -009 1.131e -009 6.030e+003 1.250e+004 1.388e+004 6.250e+004 2.378e -006 6.250e+004 0.719 resis
1 1 Bl 4 1 113le -009 1.131e -009 3.618e+003 1.250e+004 1.301e+004 6.250e+004 2.378e -006 6.250e+004 0.674 resis
1 1 Bl 5 1 113le -009 1.131e -009 1.206e+003 1.250e+004 1.256e+004 6.250e+004 2.378e -006  6.250e+004 0.651 resis
1 1 Bl 6 1 113le -009 1.131e -009 -1.206e+003 1.250e+004 1.256e+004 6.250e+004 2.378e -006 6.250e+004 0.651 resis
1 1 B1 7 1 1.13le -009 1.131e -009 -3.618e+003 1.250e+004 1 .301e+004 6.250e+004 2.378e -006 6.250e+004 0.674 resis
1 1 Bl1 8 1 1.13le -009 1.131e -009 -6.030e+003 1.250e+004 1.388e+004 6.250e+004 2.378e -006 6.250e+004 0.719 resis
1 1 B1 9 1 1.13le -009 1.1 31e-009 -8.442e+003 1.250e+004 1.508e+004 6.250e+004 2.378e -006 6.250e+004 0.781 resis
1 1 B110 1 1.131le -009 1.131e -009 -1.085e+004 1.250e+004 1.655e+004 6.250e+004 2.378e -006 6.250e+004 0.858 resis
1 1 B3 1 1 2.437e -007 2437e -007 -1.006e+004 8.263e+003 1.302e+004 - 3.087e+003 2.370e -005 3.087e+003 0.675
1 1 B3 12 -2.437e -007 -2.437e -007 1.006e+004 - 8.263e+003 1.302e+004 -3.087e+003 -2.370e - 005 3.087e+003 0.675 resis
1 1 B3 2 1 2437e -007 2437e -007 -1.006e+004 4.237e+003 1.092e+004 - 3.087e+003 2.370e -005 3.087e+003 0.566
1 1 B3 2 2 -2.437e -007 -2.437e -007 1.006e+004 -4.237e+003 1. 092e+004 - 3.087e+003 - 2.370e - 005 3.087e+003 0.566 resis
1 1 B3 3 1 2437e -007 2437e -007 -7.827e+003 8.263e+003 1.138e+004 - 3.087e+003 2.370e -005 3.087e+003 0.590
1 1 B3 3 2 -2.437e -007 -2.43 7e-007 7.827e+003 - 8.263e+003 1.138e+004 -3.087e+003 -2.370e -005 3.087e+003 0.590 resis
1 1 B3 4 1 2437e -007 2437e -007 -7.827e+003 4.237e+003 8.900e+003 - 3.087e+003 2.370e -005 3.087e+003 0.461
1 1 B3 4 -2.437e -007 -2.437e -007 7.827e+003 - 4.237e+003 8.900e+003 -3.087e+003 -2.370e -005 3.087e+003 0.461 resis
1 1 B3 5 1 2437e -007 2437e -007 -5.591e+003 8.263e+003 9.976e+003 - 3.087e+003 2.370e -005 3. 087e+003 0.517
1 1 B35 2 -2.437e -007 -2.437e -007 5.591e+003 - 8.263e+003 9.976e+003 -3.087e+003 -2.370e -005 3.087e+003 0.517 resis
1 1 B3 6 1 2437e -007 2437e -007 -5.591e+003 4.237e+003 7.01 5e+003 - 3.087e+003 2.370e -005 3.087e+003 0.363
1 1 B3 6 2 -2.437e -007 -2.437e -007 5.591e+003 - 4.237e+003 7.015e+003 -3.087e+003 -2.370e -005 3.087e+003 0.363 resis
1 1 B3 7 1 2437e -007 2437e -007 -3.354e+003 8.263e+003 8.918e+003 - 3.087e+003 2.370e -005 3.087e+003 0.462 resis
1 1 B3 72 -2.437e -007 -2.437e -007 3.354e+003 - 8.263e+003 8.918e+003 -3.087e+003 -2.370e -005 3.087e+003 0.462
1 1 B3 8 1 2437e -007 2.437e -007 -3.354e+003 4.237e+003 5.404e+003 - 3.087e+003 2.370e -005 3.087e+003 0.280 resis
1 1 B3 8 2 -2.437e -007 -2.437e -007 3.354e+003 - 4.237e+003 5.404e+003 -3.087e+003 -2.370e -005 3.08 7e+003 0.280
1 1 B3 9 1 2437e -007 2437e -007 -1.118e+003 8.263e+003 8.338e+003 - 3.087e+003 2.370e -005 3.087e+003 0.432 resis
1 1 B39 2 -2.437e -007 -2.437e -007 1.118e+003 - 8.263e+003 8.338e +003 -3.087e+003 -2.370e -005 3.087e+003 0.432
1 1 B310 1 2.437e -007 2437e -007 -1.118e+003 4.237e+003 4.382e+003 - 3.087e+003 2.370e -005 3.087e+003 0.227 resis
1 1 B310 2 -2.437e -007 -2.437e -007 1.118e+003 - 4.237e+003 4.382e+003 -3.087e+003 -2.370e -005 3.087e+003 0.227
1 1 B311 1 2.437e -007 2.437e -007 1.118e+003 8.263e+003 8.338e+003 - 3.087e+003 2.370e -005 3.087e+003 0.432 resis
1 1 B3 11 2 -2.437e -007 -2.437e -007 -1.118e+003 - 8.263e+003 8.338e+003 -3.087e+003 -2.370e - 005 3.087e+003 0.432
1 1 B312 1 2.437e -007 2.437e -007 1.118e+003 4.237e+003 4.382e+003 - 3.087e+003 2.370e -005 3.087e  +003 0.227 resis
1 1 B312 2 -2.437e -007 -2.437e -007 -1.118e+003 - 4.237e+003 4.382e+003 -3.087e+003 -2.370e -005 3.087e+003 0.227
1 1 B3 13 1 2.437e -007 2.437e -007 3.354e+003 8.263e+003 8.918e+0 03 -3.087e+003 2.370e -005 3.087e+003 0.462 resis
1 1 B313 2 -2.437e -007 -2.437e -007 -3.354e+003 - 8.263e+003 8.918e+003 -3.087e+003 -2.370e -005 3.087e+003 0.462
1 1 B3 14 1 2437e -007 2.437e -007  3.354e+003 4.237e+003 5.404e+003 -3.087e+003 2.370e  -005 3.087e+003 0.280 resis
1 1 B314 2 -2.437e -007 -2.437e -007 -3.354e+003  -4.237e+003 5.404e+003 -3.087e+003 -2.370e -005 3.087e+003 0.280
11 B3 15 1 2.437e -007 2.437e -007 5.591e+003 8.263e+003 9.976e+003 -3.087e+003 2.370e  -005 3.087e+003 0.517
1 1 B315 2 -2.437e -007 -2.437e -007 -5591e+003  -8.263e+003 9.976e+003 -3.087e+003 -2.370e -005 3.087e+0 03 0.517 resis
1 1 B316 1 2437e -007 2.437e -007 5.591e+003 4.237e+003 7.015e+003 -3.087e+003 2.370e - 005 3.087e+003 0.363
1 1 B316 2 -2.437e -007 -2437e -007 -5591e+003  -4.237e+003 7.015e+003 -3.087e+003 -2.370e -005 3.087e+003 0.363 resis
1 1 B317 1 2437e -007 2.437e -007 7.827e+003 8.263e+003 1.138e+004 -3.087e+003 2.370e - 005 3.087e+003 0.590
1 1 B317 2 -2.437e -007 -2.437e -007 -7.827e+003  -8.263e+003 1.138e+004 -3.087e+003 -2.370e -005 3.087e+003 0.590 resis
1 1 B318 1 2437e -007 2.437e -007 7.827e+003 4.237e+003 8.900e+003 -3.087e+003 2.370e  -005 3.087e+003 0.461
1 1 B3 18 2 -2.437e -007 -2.437e -007 -7.827e+003  -4.237e+003 8.900e+003 -3.087e+003 -2.370e -005 3.087e+003 0.461 resis
1 1 B319 1 2437e -007 2.437e -007 1.006e+004 8.263e+003 1.302e+004 -3.087e+003 2.370e  -005 3.087e+003 0.675
1 1 B319 2 -2.437e -007 -2.437e -007 -1.006e+004 - 8.263e+003 1.302e+004 -3.087e+003 -2.370e -005 3.087e+003 0.675 resis
1 1 B320 1 2.437e -007 2.437e -007 1.006e+004 4.237e+003 1.092e+004 - 3.087e+003 2.370e -005 3.087e+003 0.566
1 1 B320 2 -2.437e -007 -2.437e -007 -1.006e+004 - 4.237e+003 1.092e+004 -3.087e+003 -2.370e -005 3.087e+003 0.566 resis

Now we compute the utilization factor for column web bolt bearing: an external bolt
and the most loaded among internal bolts.

127

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



EXTERNAL = &
MOST LOADED _| |,
INTERNAL v

o

o

o

o

o

o

MOSTLOADED ||,
INTERNAL 4

EXTERNAL—» C

Figure B-101

Bolt layout geometry is given in next image. Formulae used are the same of previous
paragraphs, according to EN-1993-1-8:2005 (see appendix).

UUL U UL U UL U UL U UL UULUUCUouULuUuUc

L L¥l

Figure B-102 Distances between bolts and from edges
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External bolts ( Figure B-101)

Fx 1,085E+04 Fy 1,250E+04
Fb.rdx 5,760E+04 Fordy 4,960E+04
K1 2,5 ky 2,5
2,8e,/dg-1,7 9,469 2,8e,/d¢-1,7 9,469
1,4p,/dy-1,7 2,967
25 2,5
ap 1,000 ap 0,861
ay 1,330 aq 1,330
fun/fu 2,22 fun/fu 2,22
p1/3dq-0,25 0,86
1 1
fu 360 fu 360
d 10 d 10
do 9 do 9
t 8 t 8
e;=min(e 1,e,) 35,9 e;=min(e 1,e,) 35,9
e,=min(e 1,e,) 35,9 e,=min(e 1,e,) 35,9
P1 0 P1 30
P2 30 P2 0
expl 0,188 exply 0,252
EXPL=0,315

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

expl=,/expl; +expl; =0.31t

Most loaded in ternal bolts ( Figure B-101)

Fx 8,442E+03 Fy 1,250E+04
Fo.Rdx 5,760E+04 Fo.rdy 4,960E+04
K1 2,5 ky 2,5
1,4p,/dg-1,7 2,967 2,8e,/d¢-1,7 9,469
2,5 2,5
a, 1,000 ap 0,861
ag 1,330 ad 0,861
fun/fy 2,22 fun/fy 2,22
p1/3dy-0,25 0,86
1 1
fu 360 fu 360
d 10 d 10
do 9 do 9
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t 8 t 8
e;=min(e 1,e,) 35,9 e;=min(e 1,e,) 35,9
e,=min(e 1,e,) 35,9 e,=min(e 1,e,) 35,9

P1 0 P1 30

P2 30 P2 0

exply 0,147 exply 0,252
EXPL=|0,292

To be on the safe side, el and e2 are assumed equal to minimum between el and e2
expl=/expl; +expl =0.292

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

forces and utilization factors.

Maximum value for column bolt bearing utilization is 0.292; CSE computes the same

value (the column is ml).

Members whose maximum utilization ratio is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma  SigmaM Expl

( N/ mm?)
1 1 ml B2 10 2 206.9 65
1 1 m2 B3 1 2 378.5 674.2 0.561
2 1 ml B2 10 2 206.9 657.6 0.315
2 1 m2 B3 1 2 378.5 674.2 0.561

( N/ mm?)

7.6 0.315

Utilization envelope
0.20 0.40 0.60 0.80 1.00 1.20

1.40

ver. 6.92 January-11-2016 - 50100101

CSE@ - by Castalia sl - www steelchecks.com -

Figure B-103 Components utilization envelope
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B.5.2 End plate (connection on column web)

Some modifications have been done to the model of previous paragraph. Instead of
the double angle cleat, a flexible end plate is used. Plate has the same thickness of
column web. A single bolt layout is used (2 columns, 10 rows, M8 class 8.8). Applied loads
are the same of previous paragraph.(model: Validation_BC_2.CSE).

z

\A Xy

Figure B-104 3D view of the model

z
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00000000 Q-
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Figure B-105 Detail: bolt layout and weld layout
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Figure B-106 Top view

Shear acting on joint (2.500*10°N) is equally distributed on the 20 bolts of the layout.
Each one of them carries 1.250*10*N. Dividing that force by bolts design resistance to
shear (Fyvgre=1.932*10"N, previously computed according to EN1993-1-8) we get an
utilization factor equal to 0.647.

As we have seen in B.4.3, when we replace two different bolt layouts on two angles
with a single bolt layout on a single plate, there is no moment of transport in the layout,
because it is centred to load application point e the torque is carried by the plate.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl  cause
1 1 Bl 1 1 7.695e -013 7.695e -013 -4.875e - 007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 2 1 7.695e -013 7.695e -013 -4.875e - 007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 3 1 7.695e -013 7.695e -013 -4.875e - 007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 4 1 7.695e -013 7.695e -013 -4.875e - 007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 5 1 7.695 -013 7.695e -013 -4.875e -007 1.250e+00 4 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 6 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B1 7 1 7.695e -013 7.695e -013 -4.875e - 007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 8 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl 9 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B110 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e - 006 6.250e+004 0.648 resis
1 1 B111 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl112 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B113 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 Bl14 1 7.695e -013 7 .695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B115 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B116 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B117 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e - 006 6.250e+004 0.648 resis
1 1 B118 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B119 1 7.695e -013 7.695e -013 -4.875e -007 1.250e+004 1 .250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis
1 1 B120 1 7.695e -013 7.695e -013 -4.875e - 007 1.250e+004 1.250e+004 6.250e+004 2.438e -006 6.250e+004 0.648 resis

See previous paragraph for bolt bearing check of the member; here we are going to
consider weld layout computation.
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In weld layout computation it is not enough to consider only the applied shear, but
also a moment due to the offset, often neglected in manual computation. This moment is
always computed by CSE.

Overall internal actions over Weld Layouts

Id Inst Combi NT TuT T™VT MtT MuT MvT
wi 1 1 8.0214e -014 9.7500e -006 -2.5000e+005 -5.0866e - 014 -3.7500e+006 - 1.4625e - 004
Wl 2 1 8.0214e -014 9.7500e -006 -2.5000e+005 -5.0866e - 014 -3.7500e+006 - 1.4625e - 004

To cross-check CSE results, we use Saldature application againt (see A.3).

400 4
¥
300 My
200 L ,a%
14
100
L7, ar

(% -y - z : riferimento arbitrario )

100

100 ° 100 200 00 400 a =dimensione di gola dei cordoni
Confronto con CSE
tutll § cordonl hanno eguale dirmensione della goia pari a; mm 8,485 ii dato sostitwisce tale valore riferite ad assi principali
posizion.e cordone ] L o Yo K ¥ A Eaj Egj e i
cordoni fmm M M Juatus) mrm mim e’ M M Jualig} [aalas]
) 1
cordani
paralleli 2
ad asse E
N 4
5
(neri) 5]
cordoni 7 3290 s34 -3.4 165 273 -3 -3 -165 165
. 8 3290 34 34 164 5 278 3 3 -165 165
paralleli 5
ad asse 0
y 11
(blu) 12
caratteristiche della A i Yo o Loy Loy & s it le
sazione crr mim mim et cm* cm* radianti gradi cm* cm*
55,8 0 165 5.036 6 0 0,0000 0 5.036 6
Figure B-107 Saldature application: input data
le I ti di sollecitazione sono riferite al sist % -y - Z prescelto per la descrizione g trica
asse ¥ asse y asse z
carico Fu tly By =) Fy My By =) Fa Il By By
[M] [M m] i i [M] [M m] i jualas] [M] M m] i I
1 3.7460,0 250.000,0
2
3

Figure B-108 Saldature application: applied loads
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cohdizione di carico 1 unitd di misura degli sforzi:. N/mm2
caordani n.  dovuto a: t. dovuto a: t; dovuto a:
W M, M, F. tot M Fy tot M- F. tot
Fy Fy
TA 1225 o0 00 -12.25 00 0a o0 00 4478 4478
7B 12,25 o0 00 12,25 ] oo o0 00 44 78 44 78
BA 1225 oo 0o -12.25 oo oo oo 00 44 78 44 78
BB 12,25 o0 00 12,25 00 0a o0 00 44 .78 4478

Figure B-109 Saldature application: welds stresses results

Values for parallel ¢ and normal n are the same computed by CSE.

Internal stresses in we Ids, exploitations
Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 1 wi1 1.225e+001 - 4.478e+001 -1.746e -009 3.93%e+002 3 1 0.223
1 1 w1 2 -1.225e+001 4.478e+001 1.746e -009 3.939e+002 3 1 0.223
2 1 w1l 1 1.225e+001 - 4.478e+001 -1.746e -009 3.93%e+002 3 1 0.223
2 1 w1 2 -1.225e+001 4.478e+001 1.746e -009 3 .939%e+002 3 1 0.223

Beam is not checked by CSE in this case (according to check settings). Note well:
welds check also include beam check because in welds check the weakest material of
connected objects is included.
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Exploitation envelope
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Figure B-110 Components utilization envelope

B.5.3 Double angle cleats (connection on column flange)

Starting from the same FEM model of the previous paragraphs, a 90° rotation pf the
column about its axis was applied, before re-analysing the model and re-importing it in
CSE (model: Validation_BC_3.CSE).
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Figure B-111 3D view of the model

When the connection was on column web, it was possible to discard load application
point offset (it was half of web thickness). Now the offset is half of column cross-section
height and must be considered in bolt layouts computation. Bolts on column flange cannot
be fishear onl yo, because the offset produces
able to carry bending via tension and compression in bolts (or via tension in bolts and
compression in bearing surface, see part C of this document).

Model data: Column: HEB260
Beam: IPE 400
Angles: 120x120x12mm
Stiffeners: thickness 20mm
Material: S235

Bolts: M16 class 8.8, 1 column and 5 rows
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Figure B-112 Front view

Figure B-113 Top view (beam not displayed)
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Figure B-114 Bolts numbering

Applied shear on beam middle point is 125000N (a different value was applied to
previous models). Half of the load is carried by a joint and half by the other (62500N on
each joint). Shear is transferred on column axis. The offset between column axis and
column flange external face must be considered.

We have two equal bolt layouts on column flange: they are in symmetrical conditions.
As said, the offset along beam axis produces a bending moment on column flange bolt
layouts (shear multiplied by half of column cross-section height). In addition, the offset in
normal direction (b in next figure) produces a torque in bolt layouts, carried as additional
shear by the bolts. External bolts are the most exploited ones.

b
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@

Figure B-115
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Consider a single bolt layout. Shear is equal to V/2=3.125*10*N. Distance between
layout centre and load application point is 73.55mm, so a moment of transport computed in
a simplified way would be equal to 73.55 x 3.125x10%=2.298*10°Nmm. As shown in
following abstract, CSE computes a smaller value: 2.110*10°Nmm (92% of simplified hand
computation).

Overall internal actions over Bolt Layouts

Id Inst Combi Sec NT TuT TvT MtT MuT MvT
Bl 1 1 1 -2.2543e -006 -1.2187e -006 3.1250e+004 - 2.1102e+006 4.0625e+006 - 7.3675e - 006
B2 1 1 1 2.2543e -006 -1.2188e - 006 3.1250e+004 2.1102e+006 4.0625e+006 -7.3675e - 006

The reason of the difference between simplified hand computation and CSE accurate
computation is that in simplified computations we do not consider bolts length, parasitic
bending in bolt shafts and the different planes along bolts length where forces are
transferred. Consider also that shear is not transferred to the angles in correspondence of
beam vertical middle plane, but there is a distance that reduces the total offset. For these
reasons, CSE computation is more accurate than our simplified hand computation. From
now on, we will consider moment value computed by the program.

As we previously said, there is another offset to be considered. It produces bending in
bolt layouts:

M 6=0V/2 * b & 3.125*10°N * 130mm = 4.0625*10°Nmm

where b & half of the height of HEB260 cross-section (column Myt in CSE output listing).

H

— <
rrun—u’m"ﬁ:rrurrn
Q0000

Figure B-116
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Consider the forces in bolt layout plane first (Figure B-115). A force V, parallel to the
applied shear acts on each bolt. It is equal to the load applied to the layout divided by bolts
number (5). Then there is a V,, shear normal to the previous one: it is due to layout reaction
to torque. On each bolt, this shear depends on the distance from bolt to layout centre, as
seen in previous paragraphs. Resultant force on each bolt is (v and u are bolt layout
principal axes):

v /25 AM'd 8
Fo, = V2 +V7 = ae—V/28 L5 Q

Distance  between bolts is 54mm, so polar inertia moment s
J,=2*(54°x108%)=29160mm?; force in each bolt is given in following table, according to
previous formula.

di [mm] Fo,i [N]
108 1.001E+04
54 7.371E+03
0 6.250E+03
54 7.371E+03
108 1.001E+04

CSE computes the same values (column Tg):

Internal actions in bolts at different planes, exploitations

Ins t Combi Name Bolt -?- NB NTB TuB TVB 1B MuB MvB MB  Expl cause
1 1 B111 - 1.499e+004 - 1.499e+004 -7.816e+003 6.250e+003 1.001e+004 2.811e+003 -1.473e -006 2.811e+003 0.319 resis
1 1 B1L21 - 7.497e+003 - 7.497e+003 - 3.908e+003 6.250e+003 7.371e+003 2.811e+003 -1.473e -006 2.811e+003 0.198 resis
1 1 B131 -4.509e -007 -4.509e -007 -2.437e -007 6.250e+003 6 .250e+003 2.811e+003 -1.473e -006 2.811e+003 0.102 resis
1 1 Bl 4 1 7.497e+003 7.497e+003 3.908e+003 6.250e+003 7.371e+003 2.811e+003 -1.473e -006 2.811e+003 0.198 resis
1 1 Bl 5 1 1.499%+004 1.4 99e+004 7.816e+003 6.250e+003 1.001e+004 2.811e+003 -1.473e -006 2.811e+003 0.319 resis
1 1B211 - 1.499e+004 - 1.499e+004 7.816e+003 6.250e+003 1.001e+004 2.811e+003 -1.473e -006 2.811e+003 0.319 resis
1 1 B221 - 7.497e+003 - 7.497e+003 3.908e+003 6.250e+003 7.371e+003 2.811e+003 -1.473e -006 2.811e+003 0.198 resis
1 1 B2 3 1 4509 -007 4.509e -007 -2.438e -007 6.250e+003 6.250e+003 2.811e+003 -1.473e - 006 2.811e+003 0.102 resis
1 1 B2 4 1 7.497e+003 7.497e+003 - 3.908e+003 6.250e+003 7.371e+003 2.811e+003 -1.473e -006 2.811e+003 0.198 resis
1 1 B2 5 1 1.499+004 1.499e+004 -7.816e+003 6.250e+003 1. 001e+004 2.811e+003 -1.473e -006 2.811e+003 0.319 resis

Now consider bending due to the offset in beam axis direction (Figure B-116). Since
we are not using a bearing surface here (see part C for this aspect), bending in the layout
produces tension or compression in bolts. To compute axial force in bolts, we need to
compute bolt layout inertia moment about considered axis (inertia moment per area unit). It
is equal to the sum of two components: the first one is the sum of squared distances from
each bolt to layout centre; the second one is the inertia moment (per area unit) of single
bolts. We have:

Jiot=Ju+5Jdp
where
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HOSTL
J, =S(d?)= 0% +2(54% + 2(208 = 29160mnt

u

For M18 bolts: r=9mm and Ab:254.4mm2, (o

4 ; 4
3, =P 1 PN’ _ 56 ot
4 A, 4Q@545mnt

Total inertia moment is:

J. =J, +5J, =29169nnT +5Q0.2mnT = 292612mnf

tot
Axial force in each bolt is:

Ni :M_@i
J

tot

Central bolt has no axial force (d=0mm); we have two bolts in compression (d=54mm
and d=108mm) and two bolts in tension, with the same distances. We have:

_ 4.062500°Nm
4108 592612mnt

Tef 108mm) = ° 1.499A0° N

_4.0625Q0°Nmm

e, = f° 54mm) = °7.497AC* N
54 292612mnt @ )

CSE computes the same values (column Ng = N+1g since there is no preload):

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl cause
1 1 Bl111 -1.499e+004  -1.499e+004  -7.816e+0 03 6.250e+003 1.001e+004 2.811e+003 -1.473e -006 2.811e+003 0.319 resis
1 1 BlL21 -7.497e+003  -7.497e+003  -3.908e+003 6.250e+003 7.371e+003 2.811e+003 -1.473e -006 2.811e+003 0.198 resis
1 1 B131 -4.509e -007 -4.509 e-007 -2.437e -007 6.250e+003 6.250e+003 2.811e+003 -1.473e -006 2.811e+003 0.102 resis
1 1 Bl 4 1 7.497e+003 7.497e+003 3.908e+003 6.250e+003 7.371e+003 2.811e+003 -1.473e -006 2.811e+003 0.198 resis
1 1 Bl 5 1 1.499e+004 1.499e+004 7.816e+003 6.250e+003 1.001e+004 2.811e+003 -1.473e -006 2.811e+003 0.319 resis

Bolts utilization factor computation has been already treated in detail in previous
paragraphs.Let6 s go on with beam web bolt | ayout

Beam web bolt | ayout i's fishear onl yo.
together with a moment of transport equal to shear by distance from layout centre to
column axis (M &V*b). In Figure B-118 are shown the components of total shear force on
each bolt. Since we have 2 check sections for the bolts, in each section the shear is half of
the applied one.
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Figure B-117Moment of transport MO6=V*Dh

M'Jp*d,
f——

M'Jp*d
P‘L

D9+ 0+O
0

Figure B-118
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e
“se File Modify Display Draw Enquire Fem INodes Renode Checks 3D Model PRenode Clzsses Joints Window 7

T 0= el = P o e = N e B e K2 e R . T el 8 Y S M e B

gk Variables and condtions | z = Siie

2| Beede | s )
B HE|| [=- o Maser s o

E
35 j
=zl =

x|

Sl — —
x| =
]| 2]
-
—Ll| B
Ll & BIE ©

=
= =
= 5 5 ©
— 1 =
L]

Inquire geometry L= ]
— Number1  [1203 %1 [5 v1 o 21 [3300
= Mumber2  [707 %2 [16.3000001571832 19.05 72 [3300.00000000017
DS [a03s5260 DX [21 anunnmsmssz\ DY [1e325 DZ |1.682565198279322
N Z J
e—
o d r
Active command: inquire geometry. ESC o testo destro per uscire. =1 |E=1

To aetinfo, press F1 mm | N | s |-C

Distance b is 199.25mm, as shown in previous figure. Moment is:
M 6= 3.125*10*N * 199.25mm = 6.226*10°Nmm

CSE computes the same value (Mr).

Overall internal actions over Bolt Layouts

Id Inst Combi Sec NT TuT TVvT MtT MuT MvT
Bl 1 1 1 -2.2543e -006 -1.2187e -006 3.1250e+004 - 2.1102e+006 4.0625e+006 -7.3675e - 006
B2 1 1 1 2.2543e -006 -1.2188e - 006 3.1250e+004 2.1102e+006 4.06 25e+006 -7.3675e - 006
B3 1 1 1 -1.2187e - 006 -2.2543e - 006 -3.1250e+004 6.2266e+006 5.3846e+004 - 2.3314e -004
B3 1 1 2 1.2187e -006 -2.2543e - 006 3.1250e+004 - 6.2266e+006 5.3846e+004 2.3314e - 004

Forces composition is the same done for column flange bolt layout. Bolt distances
and layout intertia moment J, are the same. Using current shear and moment values, we
have:

v /28 AM'd 8
v, = aV/28+ dI8
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di [mm] Thi [N]
108 2.389E+04
54 1.312E+04
0 6.250E+03
54 1.312E+04
108 2.389E+04

For example, considering one of the external bolts (d=108mm from layout centre) we have:

s 6 .. 2
6.22600 NmrrﬂO&nmg — 2389010° N

2916ann7 0

Qo

+

_ |4312500°N &
Fb,loanm - %5—8
(; -

O

CSE computes the same values (TB).

Internal actions in bolts at different pla nes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TVB 1B MuB MvB MB  Expl cause
1 1 B3 11 -2.437e-007 -2.437e -007 2.306e+004 - 6.250e+003 2.389e+004 1.077e+004 -4.663e -005 1.077e+004 0.391
1 1 B3 1 2 2437e -007 2437e -007 -2.306e+004 6.250e+003 2.389e+004 1.077e+004 4.663e -005 1.077e+004 0.391 resi s
1 1 B3 21 -2.437e -007 -2.437e -007 1.153e+004 - 6.250e+003 1.312e+004 1.077e+004 -4.663e -005 1.077e+004 0.215
1 1 B3 2 2 2437e -007 2437e -007 -1.153e+004 6.250e+003 1.312e+004 1.077e+004 4.663e -005 1.077e+004 0.215 resis
1 1 B3 31 -2.437e -007 -2.437e -007 -4.509e -007 -6.250e+003 6.250e+003 1.077e+004 -4.663e -005 1.077e+004 0.102
1 1 B3 3 2 2437e -007 2437e -007 -4.509e -007 6 .250e+003 6.250e+003 1.077e+004 4.663e -005 1.077e+004 0.102 resis
1 1 B3 41 -2.437e -007 -2.437e -007 -1.153e+004 - 6.250e+003 1.312e+004 1.077e+004 -4.663e -005 1.077e+004 0.215 resis
1 1 B3 4 2 243 7e-007 2.437e -007 1.153e+004 6.250e+003 1.312e+004 1.077e+004 4.663e -005 1.077e+004 0.215
1 1 B3 51 -2.437e -007 -2.437e -007 -2.306e+004 - 6.250e+003 2.389e+004 1.077e+004 -4.663e -005 1.077e+004 0.391 resis
1 1 B3 5 2 2437e -007 2.437e -007 2.306e+004 6.250e+003 2.389e+004 1.077e+004 4.663e -005 1.077e+004 0.391

b

B
AL

CSE® - by Castalia srl - www.steelchecks.com - ver. 6.92 January-11-2018 - sn: 100101

Utilization envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-120 Components utilization envelope
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EC/STALL
B.5.4 End plate (co nnection on column flange)

This example has some differences if compared with model seen in B.5.3: instead of
double angle cleats, here an end plate is used.

Bolts position is the same, but now all the bolts of column flange belong to the same

layout: there is no torque due to moment of transport, since there is no offset (see B.4.3).
Model name is Validation_ BC_4.CSE.

VLBV

Figure B-121 3D view of the joint

— ]
@ @
@ @
@ @
@ @
@ @

Figure B-122 Front view
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Figure B-123 Side view

Figure B-124 Detail: end plate welded on beam

Model data: Material: S235
Column: HEB260
Beam: IPE 400
Plate 250x350x12mm
Stiffeners: thickness 20mm
Bolts: M16 class 8.8 (2 columns, 5 rows)

Fillet welds on beam web: length 331mm, throat section 7.071mm

As said, here there is no torque on bolt layout: shear on each bolt is equal to total
shear divided by bolts number: 62500N/10=6250N (column Tg in following CSE abstract).
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In addition, there are axial forces in bolts equal to those computed in previous
paragraph, since offset along beam axis and applied force are the same (column N+g in the
abstract).

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB 1B MuB MvB MB  Expl cause
1 1 Bl 1 1 1.499e+004 1.499e+004 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e -007 2.811e+003 0.257 resis
1 1 Bl 2 1 1.499e+004 1.499e+004 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e -007 2.811e+003 0.257 resis
1 1 Bl 3 1 7.497e+003 7.497e+003 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e -007 2.811e+003 0.180 resis
1 1 Bl 4 1 7.497e+003 7.497e+003 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e - 007 2.811e+003 0.180 resis
1 1 B151 -4.072e -007 -4.072e -007 2.438e -007 -6.250e+ 003 6.250e+003 -2.811e+003 -1.063e - 007 2.811e+003 0.102 resis
1 1 Bl 6 1 4072 -007 4.072e -007 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e - 007 2.811e+003 0.102 resis
1 1 B1L71 - 7.497e+003 - 7.497e+003 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e - 007 2.811e+003 0.180 resis
1 1 B181 -7.497e+003 - 7.497e+003 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 - 1.063e -007 2.811e+003 0.180 resis
1 1 B1L91 - 1.499e+004 -1.499e+004 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e -007 2.811e+003 0.257 resis
1 1 B110 1 - 1.499e+004 -1.499e+004 2.438e -007 -6.250e+003 6.250e+003 -2.811e+003 -1.063e -007 2.811e+003 0.257 resis

Now consider fillet weld layout. In addition to the applied shear, there bending
moment due to the offset between weld layout and column axis. Distance is equal to half of
HEB260 shape plus plate thickness.

d=260mm/2 + 12mm = 142mm
M = 62500N * 142mm = 8875000Nmm

The same moment is computed by CSE (Myr); Ty7 is applied shear divided by bolts
number.

Overall internal actions over Weld Layouts

Id Inst Combi  NT TuT TvT MtT MuT MvT

wi 1 1 -0.0000e+000 -2.4375e -006 6.2500e+004 - 0.0000e+000 8.8750e+006 3.4612e - 004

To compute stress in fillet welds, we use Saldature application again (see A.3).
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a; =dimensione di gola dei cordoni

Confronto con CSE

tutti § cordonl hanno eguale dimensions della gola parl a: mm 7.1 ii dato sostitwisce tale valore riferite ad assi principali
posizion.e cordone ] L o Yo K ¥ A Eaj Egj e i
cordoni fmn M M frm Jualig} mim e’ min M Jualig} 1T
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cordoni 5
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ad asse E
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cordani 7 3310 s34 o0 -3.4 166 2358 -3 -3 -166 166
. 8 3no 34 oo 34 1655 235 3 3 -166 166
paralleli 5
ad asse 0
¥ 11
(blu) 12
Figure B-125 Saldature application: input data
le ¢ I ti di sollecitazione sono riferite al sist % -y - z prescelto per la descrizione g trica
asse ¥ asse y asse z
catico Fy Il 2y 2, Fy I, 2y 2, Fa Il 2y By
[M] [M m] i i [M] [M m] i jualas] [M] [M m] i [aalas]
1 9.031,3 E2.500,0
2
3

Figure B-126 Saldatu re application: applied loads

condizione di carico 1

unita di misura degli sforziz NNmm2

cardoni n.  dovuto a: t. dovuto a: 1; dovuto a:
i M, M, F. tot M, F, tot M. F. tot
A -34 37 oo oo -34 37 oo oo 0o 0o 1335 | 13,35
7B 34 37 oo 0.0 34 37 0.0 0.0 0.0 0.0 1335 | 13,35
A -34 37 oo a0 -34 37 0o 0o 0o 0o 1335 | 1335
[l 34 37 0.0 0.0 34 37 0.0 0.0 0,0 0,0 13,35 | 13,36

Figure B-127 Saldature application:

CSE results are the same.
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Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 1 wii1 - 3.437e+001 1.335e+001 5.207e -010 2.607e+002 2 1 0.177
1 1 W1 2 3.437e+001 -1.335e+001  -5.207e -010 2.607e+002 2 1 0.177

88298

N

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-128 Components utilization envelope
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B.6 CONSTRAINTS

B.6.1 Column base
B.6.1.1 Introduction

Consider a column base joint. In order to validate also irregular bolt layout positions,
apply a a=5.3° rotation to a four rows per 2 columns layout. Of course this is not a typical
or common condition, but it is wuseful to val

Model is Validation_CB_1.CSE; material is S235 for member and base plate. Note
well: anchor bolts pull-out check will be validated in part C, as well as bearing pressure
check. Note well: bolts compression is not included in check settings, for this model:
compression is computed, but not used for resistance checks.

\(@_ &

N

Figure B-129 3D view of the joint
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Figure B-130 Top view

Figure B-131 Side view

151

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



@

Figure B-132 Bolts numbering

B.6.1.2 Tension

This model was not imported from external FEM models: it was built directly in CSE.
To define check combinations, plastic limits of joint member were used (this is one of the
ways to define combinations in CSE). Using elastic limits, 24 combinations are defined for
each member, including single forces (axial force, shears, torque, bending moments) and
combinations between them (see program guide for more information). Amplification
factors can be defined for each component. Here all limits have an amplification factor
equal to 1.

First combination is tension. Plastic limit of the cross-section (HEA260, S235) is:
N*p.ra= A*f,=8682mm?* 235N/mm?*=2.0403*10°N

Next figures show bolt layout geometry.

152

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



W Boltlayout input (= = [ |
Bols Anangement
M24-8 BF * Regular " Circular

" Staggered ¢ Free

Changs % Emply inside
Regular, staggered or circular armangement =
Quantity Distances ‘—Cﬁ_é )
= = B
i = Rows 100 = Fows

2 columns a0 coumns

Fiee arrangement
| | | x

R JJ ¥

Center offset Base information
| 510 Net length M
0 o o et leng

= |1 Mulipliciy
e
[~ Shear only boks 1 Flexibility index T L
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Figure B-133 Bolt layout geometry

Note well: in order to check and validate a more general condition, bolt layout and
plate have been shifted along member flanges direction (see Figure B-134, where u and v
are bolt layout principal axes).

Y

QVQ L.
@ @

@ o
@ o

Figure B-134 Offset between bolt layout and member  centres

In this way, tension applied along column axis produces two bending moments about
bolt layout principal axes. Axial force (named simply Ny from now on) produces these
moments about u and v axes:
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Fle) i
M ¢= N,*3.75*cosa=7.618*10°Nmm
M ¢= Np*3.75*sina=7.066*10°Nmm

Where 3.75 is the offset in global reference system, and multiplying it bt cosa or sina gives
the components along bolt layout principal axes.

Inertia moments about principal axes, according to Figure B-135, are (moments per
bolt area unit).

Ju=S(dv)) = 4 * (50mm)? + 4 * (150mm)? = 1.000*10°mm?
J,= @uj) = 8* (70mm)? = 3.920*10*mm?
Then we get:
M @/J, = 7.618*10°Nmm / 1.000*10°mm? = 76.18N/mm
M ¢/J, = 7.066*10°Nmm / 3.920*10*mm? = 18.03N/mm

On each bolt, resultant force is the sum of 3 components:

Not
8
Mi g,
‘]u
Mi g,
Jv
-F0mm v 70mm
150mm - Q Q
50mm O O
| u
S0mm J() O
150mm L Q Q

Figure B-135 Bolts distances in b olt layout principal axes ref. system
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According to distances shown in previous figure, the following tables give the
components of axial force in bolts due to bending moments, and the the total resultant
force in each bolt (layout scheme is the same of Figure B-135 and Figure B-134):

(M@/Ju)*vi [N]

1.143E+04 © O 1.143E+04
3.809E+03 © ©  3.809E+03
-3.809E+03 © @ -3.809E+03
-1.143E+04 © O -1.143E+04

(M&/dv)*ui [N]

-1.262E+03 © O 1.262E+03
-1.262E+03 © O 1.262E+03
-1.262E+03 © @ 1.262E+03
-1.262E+03 © © 1.262E+03
Resultant forces are:
P =g+ Sy + My
T,
2.652E+05 © © 2.677E+05
2576E+05 © O 2.601E+05
2.500E+05 © @ 2.525E+05
2.423E+05 © ' 2.449E+05

Now we compute bolts design resistance to tension, as seen in B.3.

K, f,
Fira = o
G2
with
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k2:0.9
fup=800
As=353
Q=125

It is Ftrg=2.033e+05N; utilization factors are:

1.267

1.229

1.192

1.317

1.279

1.242

1.204

Unless small roundings in hand computations, we got the same results of CSE:

Internal actio

ns in bolts at different planes, exploitations

Inst Combi Name Bolt

PRERPRPRP R

PRrERRRRRRE

B1
B1
B1
B1
B1
B1
B1
B1

ONOUAWNE

1
1
1
1
1
1
1
1

_9

2.677e+005
2.652e+005
2.601e+005
2.576e+005
2.525e+005
2.500e+005
2.449e+005
2.424e+005

NB NTB TuB

2.677e+005 8.034e
2.652e+005 8.034e
2.601e+005 7.796e
2.576e+005 7.796e
2.525e+005 7.559e
2.500e+005 7.559
2.449e+005 7.321e
2.424e+005 7.321e

CSE: worked examples i validation (part B)

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

TvB

-1.349%
-1.316e
-1.349%
-1.316e
-1.349%
-1.316e
-1.349%
-1.316e

B MuB

-004 1.570e
-004 1.542e
-004 1.558e
-004 1.530e
-004 1.547e
-004 1.518e
-004 1.535e
- 004 1.506e
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MvB MB

-004 -2.735e+003
-004 -2.735e+003
-004 -2.735e+003
-004 -2.735e+003
-004 -2.735e+003
-004 -2.735e+003
-004 -2.735e+003
-004 -2.735e+003

www.steelchecks.com

Expl

6.443e+002 2.810e+003 1.316 resis !!!
6.443e+0 02 2.810e+003 1.304 resis !!!
6.443e+002 2.810e+003 1.279 resis ***
6.443e+002 2.810e+003 1.267 resis ***
6.443e+002 2.810e+003 1.242 resis ***
6.443e+002 2.810e+003 1.229 resis ***
6.443e+002 2.810e+003 1.204 resis ***
6.443e+002 2.810e+003 1.192 resis **
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Figure B-136 Components utilization in combination 1 (tension)

Weld layout is not affected by bolt layout offset (weld layout centre lies on column
axis, so the condition is similar to the one previously computed in B.3). In order to focus on
bolt layout computation (which is rotated and has an offset), weld layout computation for
tension and for the other forces (following paragraphs) are all reported in B.6.1.8.

B.6.1.3 Shear parallel to flanges

According to EN1993-1-1, plastic shear parallel to flanges is equal to:

_A, &, _580625mnf 235N /mnt
"8 V3

\% =7.878QA0°N

with

A, . =20t - (t, +2r)®, =2@60mmA25mm- (7.5mm+224mm&2.5mm=580625mnt

Applied force lies on the line passing through bolt layout centre, since defined offset
is in y direction (Figure B-137). For that reason, there is no moment of transport in bolt
layout plane (torque), but there is a bending moment of transport causing axial force in
bolts. This axial force will not be considered in our hand computations.
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Figure B-137 x-y: cross -section ref. system; u -v: bolt layout ref. sys.

Shear components parallel to u and v are:
V,=Vsina=7.275*10"N
V,=Vcosa=7.844*10°N

To get forces in each bolt, divide previous values by bolts number:

Vupor= Vu/8=9.094*10°N
Vy boir= Vi/8=9.805*10°N

Resultant force is:

Voot = \/\m =9.847A40*N

Now compute bolts design resistance to shear, according to formulae used in
previous paragraphs and reported in appendix:

ay 0.6

fup 800

A 452.4
Gz 1.25
Fyrd 1.737E+05
expl 0.567

As we can see in following abstract, CSE computes this value only for 4 bolts. The
reason is that shear produces also bending (as explained previously) so bolts are also in
tension or compression. Since, according to defined check settings, compression is not
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included in bolts check, CSE results for the four compressed bolts are the same of hand
computation. On the other 4 bolts, tension must be also included in checks.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cause
1 2 B111 - 1.302e+004 - 1.302e+004 - 9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.567 resis
1 2 B1L21 - 1.044e+004 - 1.044e+004 -9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.567 resis
1 2 B131 - 5.201e+003 - 5.201e+003 -9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.567 resis
1 2 Bl 41 - 2.621e+003 - 2.621e+003 -9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.567 resis
1 2 Bl 5 1 2621e+003 2.621e+003 -9.096e+003 - 9. 805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.576 resis
1 2 Bl 6 1 5.201e+003 5.201e+003 -9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.585 resis
1 2 Bl 7 1 1044 e+004 1.044e+004 -9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.604 resis
1 2 Bl 8 1 1.302e+004 1.302e+004  -9.096e+003 - 9.805e+004 9.847e+004 2.816e+003 - 6.634e+002 2.893e+003 0.613 resis

If we refine our hand computation of bolts utilization including also tension we have,
for example considering last bolt:

F e + Foea _ 9.487Q0'°N N 1.302Q0" N

= - —— _=0613
Foe 14F . 1737Q0°N  14(203340°N

As computed by CSE.

Now consided bolt bearing on the plate according to Eurocode formulae (see
previous paragraphs or appendix). All bolts transfer the same force, so it is the position in
the layout to give different utilization values. We computed the utilization factor for one of
the bolts closest to plate edges (see Figure B-138). Note well: as previously said, CSE
gives as total utilization factor for bolt bearing the square root of the sum of the squares of
utilizations in parallel and perpendicular direction.

F. 9.094E+03N F, 9.805E+04N
Fb.rd 9.792E+04N Fprd 9.792E+04N

Ky 2.5 Ky 2.5

a 0.567 EN 0.567

fy 360N/mm” fy 360N/mm”

d 24mm d 24mm

t 10mm t 10mm

do 26mm do 26mm
e,=e, 44.2mm e,=e, 44.2mm

p1 140mm p1 100mm

P2 100mm P2 140mm
exply 0.093 exply 1.001

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

expl=./expl’ +explZ =1.00€
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Figure B-138

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

CSE computes the same value:

Through whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma Sigma M Expl
1 2 P1 B1 2 1 4.103e+002 4.078e+002

1.006 *

NOTE WELL: in EN1993-1-1 the studied cases are for rectangular plates; in general,
a plate can have edges not parallel or perpendicular and plates can also have a different
number of sides: CSE always divide forces in their components along bolt layout principal
axes and uses minimum distance from the edges. This seems to be on the safe side.
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Figure B-139 Components utilization in combination 2 (shear parallel to web)

B.6.1.4 Shear parallel to the web

Applied shear is Vp|,3:V:3.9017*105N, oriented along column web. Shear
components along bolt layout principal axes are:

V,=Vcosa=3.885*10°N
V,=Vsina=3.603*10"N
Dividing them by bolts numbers, we get the forces on each bolt:
Vup= V./8=4.856*10"N
Vy b= Vi/8=4.504*10°N

In addition, there are two further components (one in u and one in v direction) due to
the moment of transport (torque) caused by the applied shear and the offset between its
application point and bolt layout centre (d=3.75mm):

M &V*d=1.4632*10°mm
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Force in u direction is equal t\Ig,:l.l?/B@*loﬂN)vide(
and multiplied by bolt distance from layout centre, in v direction. According to each bolt
distance (see Figure B-135), we have:

(M@Jp)*vi [N]

1.577E+03 © ©  1.58E+03
5.256E+02 5.26E+02
-5.256E+02 -5.26E+02
-1.577E+03 U © -1.58E+03

Resultant force in u direction on each bolt is the composition of V, (the same for all
bolts) and previously computed (M fJ,)*v; value.

Fu [N]
5.014E+04 © ©  5.014E+04
4.909E+04 4.909E+04
4.804E+04 4.804E+04
4.699E+04 - 4.699E+04

We make the same computations for v direction:

(M@Jp)*ui [N]

7.36E+02 O 7.36E+02
-7.36E+02 7.36E+02
-7.36E+02 7.36E+02
-7.36E+02 C 0 7.36E+02
Fv [N]
3.768E+03 - 5.240E+03
3.768E+03 5.240E+03
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3.768E+03 5.240E+03

3.768E+03 5.240E+03

And finally we get total resultant force:

Fot=+/ (Fu?+F.%) [N]

5.028E+04 O © 5.041E+04
4.923E+04 O O 4.937E+04
4.819E+04 O O 4.832E+04
4.714E+04 O O 4.728E+04

CSE computes the same values (Fy=Tug, F\=Tug, Fiot=Tg).

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB 1B MuB MvB MB  Expl cause
1 3 Bl 1 1 6.348e+003 6.348e+003 5.014e+004 -5.241e+003 5.041e+004 1.294e+002 3.542e+003 3.544e+003 0.313 resis
1 3 B121 - 7.426e+003 - 7.426e+003 5.014e+004 - 3.769e+003 5.028e+004 1.294e+002 3.542e+003 3.544e+003 0.289 resis
1 3 Bl 3 1 6.707e+003 6.707e+003 4.909e+004 -5.241e+003 4.937e+004 1.294e+002 3.542e+003 3.544e+003 0.308 resis
1 3 Bl 41 - 7.067e+003 - 7.067e+003 4.909e+004 - 3.769e+003 4.923e+004 1.294e+002 3.542e+003 3.544e+003 0.283 resis
1 3 B1517 067e+003 7.067e+003 4.804e+004 -5.241e+003 4.832e+004 1.294e+002 3.542e+003 3.544e+003 0.303 resis
1 3 B161 - 6.707e+003 - 6.707e+003 4.804e+004 - 3.769e+003 4.819e+004 1.294e+002 3.542e+003 3.544e+003 0.277 resi s
1 3 Bl 7 1 7.426e+003 7.426e+003 4.699e+004 -5.241e+003 4.728e+004 1.294e+002 3.542e+003 3.544e+003 0.298 resis
1 3 B181 - 6.348e+003 - 6.348e+003 4.699e+004 -3.769e+003 4.714e+004 1.294e+002 3.542e+003 3.544e+003 0.271 resis

CSE also computes the axial force in the bolts due to bending moment of transport on
the layout, as seen in previous paragraph.
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Figure B-140 Components utilizatio n in combination 3 (shear parallel to the web)

B.6.1.5 Torque

Applied torque is M=8.527*10°Nmm. The same torque is applied to bolt layout; shear
forces on bolts are computed according to what was done in previous paragraphs
(computations are not explained in detail again here; see previous computations).

Fu=(M¢/Jp)*vi [N]

9.188E+03 © < 9.188E+03
3.063E+03 C ~  3.063E+03
-3.063E+03 © O -3.063E+03
-9.188E+03 © 0 -9.188E+03

Fv=(Mi/Jp)*u; [N]

-4.288E+03 ' 4.288E+03

-4.288E+03 “ “ 4.288E+03

-4.288E+03 “ 4.288E+03
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-4.288E+03 4.288E+03

Fot=+/ (Fu?+F.%) [N]

1.014E+04 © O 1.014E+04
5.269E+03 © ©  5.269E+03
5.269E+03 © @ 5.269E+03
1.014E+04 © © 1.014E+04

Utilization factor

0.058 O O 0.058
0.030 O 0.030
0.030 O O 0.030
0.058 O O 0.058

CSE computes the same values:

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB 1B MuB MvB MB Expl  cause
1 4 Bl 1 1 5878 -005 5.878e -005 9.188e+003 -4.288e+003 1.014e+004 1.198e -006 3.279e -005 3.282e -005 0.058 resis
1 4 B1 21 -6.876e -005 -6.876e -005 9.188e+003 4.288e+003 1.014e+004 1.198e -006 3.279e -005 3.282e -005 0.058 resis
1 4 B1316 .210e -005 6.210e -005 3.063e+003 - 4.288e+003 5.269e+003 1.198e -006 3.279e -005 3.282e -005 0.030 resis
1 4 B1 41 -6.543e -005 -6.543e -005 3.063e+003 4.288e+003 5.269e+003 1.198e -006 3.279e -005 3.282e -005 0.030res is
1 4 Bl 5 1 6543 -005 6.543e -005 -3.063e+003 - 4.288e+003 5.269e+003 1.198e -006 3.279e -005 3.282e -005 0.030 resis
1 4 B161 -6.210e -005 -6.210e -005 -3.063e+003 4.288e+003 5.269e+003 1.198e -006 3.279e -005 3.282e -005 0.030 resis
1 4 Bl 7 1 6.876e -005 6.876e -005 -9.188e+003 -4.288e+003 1.014e+004 1.198e -006 3.279e -005 3.282e -005 0.058 resis
1 4 BL181 -5.878¢e -005 -5.878e -005 -9.188e+003 4.288e+003 1.014e+004 1.198e -006 3.279e -005 3.282e -005 0.058 resis
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Figure B-141 Components utilization in combination 4 (torque)

B.6.1.6 Bending moment about strong axis
Plastic bending moment of the cross-section about strong axis is equal to

2.161*108Nmm. It is decomposed in M,=-1.997*10'Nmm and M,=-2.152*108Nmm. Now
we are going to compute forces in each bolt, as done in B.6.1.2.

Fu=(Mu/Ju)*vi [N]

2.995E+04 © O 2.995E+04
9.983E+03 © ©  9.983E+03
-9.983E+03 © @ -9.983E+03
-2.995E+04 ' -2.995E+04

Fv=(Mv/Jv)*ui [N]

3.843E+05 - -3.843E+05

3.843E+05 “ _3.843E+05

3.843E+05 “ _3.843E+05
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3.843E+05 -3.843E+05

Resultant force in each bolt is (note well F, and F, are both axial forces; F, is due to
M, bending moment, F, to M, bending moment):

Frot=Fu+Fv [N]

4.143E+05 © O -3.544E+05
3.943E+05 © O -3.743E+05
3.743E+05 © QO -3.943E+05
3.544E+05 © O -4.143E+05

When axial force is a compression, it is not included in bolt resistance check,
according to out check settings: it is assumed that compression s carried by an area
around the bolt, involving the plate and the concrete block. For this reason, utilization
factor of compressed bolts is null. See part C for bearing surface check.

As shown in following abstract, CSE computes lower values for the forces.

Internal actions in bolts at d ifferent planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cause
1 5 Bl 11 - 3.517e+005 - 3.517e+005 -4531e -002 5.36le -003 4562e -002 -7.167e+003 -1.962e+005 1.963e+005 0.000 resis
1 5 Bl 2 1 4.114e+005 4.114e+005 -4531e -002 3.714e -003 4.546e -002 -7.167e+003 -1.962e+005 1.963e+005 2.023 resis !l
1 5 B1 31 - 3.716e+005 - 3.716e+005 -4.413e -002 5.36le -003 4.446e -002 -7.167e+003 -1.962e+005 1.963e+005 0.000 resis
1 5 Bl 4 1 3.915e+005 3.915e +005 -4.413e -002 3.714e -003 4.429e -002 -7.167e+003 -1.962e+005 1.963e+005 1.925 resis!!l
1 5 Bl151 - 3.915e+005 - 3.915e+005 -4.296e -002 5.36le -003 4.329e -002 -7.167e+003 -1.962e+005 1.963e+005 0.000 resis
1 5 Bl 6 1 3.716e+005 3.716e+005 -4.296e-002 3.714e -003 4.312e -002 -7.167e+003 -1.962e+005 1.963e+005 1.827 resis!lt
1 5 B171 - 4.114e+005 - 4.114e+005 -4.178e -002 5.36le -003 4.212e -002 -7.167e+003 -1.962e+005 1.963e+005 0.000 resis
1 5 Bl 8 1 3.517e+005 3.517e+005 -4.178e -002 3.714e -003 4.195e -002 -7.167e+003 -1.962e+005 1.963e+005 1.730 resis !l

The difference is due to a lack in hand computations, which did not consider bending
in bolts shafts. We are going to refine hand computation. We previously assumed that a
distribution of forces neglecting bolts own inertia in J, and J, inertia moments computation.
Inertia moment of the 8 bolts is J,=* r*/4/A,=288mm? (inertia per area unit).

So we have:
Juto=Ju+JIp=100288mm?
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HT 1
v tot=Jdv+Jp=39488m m2

Let 6 s ckgery with these values:

Fu:(Mu/Ju,tot)*Vi [N]

2.986E+04 O 0 2.986E+04
9.954E+03 9.954E+03
-9.954E+03 -9.954E+03
-2.986E+04 © ' -2.986E+04

I:v:(Mv/\J v,tot )*U i [N]

3.815E+05 © 0 -3.815E+05
3.815E+05 -3.815E+05
3.815E+05 -3.815E+05
3.815E+05 © © -3.815E+05

Resultant forces are:

Fot=Fu+Fv [N]

4.114E+05 © O -3.517E+05
3.915E+05 -3.716E+05
3.716E+05 -3.915E+05
3.517E+05 © O -4.114E+05

These forces are the same computed by CSE. Considering equal to zero the
utilization factors for compressed bolts (according to check settings) we can compute
utilization factors for bolts in tension, dividing previous resultant forces by bolts design resi
stance (previously computed).

Utilization factors  Fot/Ft Rrd
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2.023 O O 0
1.925 O 0
1.827 O O 0
1.729 O C 0
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Figure B-142 Components utilization in combination 5 (bending about strong axis)

B.6.1.7 Bending about weak axis

Consider finally the bending moment about weak axis. Plastic moment is
1.011*108Nmm, decomposed M,=1.007*108Nmm and M,=-9.338*10°Nmm.

We make the same computations of previous paragraph, without explaining them in
detail, but using current bending moment about weak axis.

Fu=(Mu/Ju)*vi [N]

-1.510E+05 ~ -1.510E+05

-5.033E+04 ' .5.033E+04

5.033E+04 ~ 5.033E+04
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1.510E+05

1.510E+05

Fv=(M\/Jy)*u; [N]

1.667E+04 © ©  -1.667E+04
1.667E+04 -1.667E+04
1.667E+04 -1.667E+04
1.667E+04 © ' -1.667E+04

Resultant force is:

Ftot:\/—(Fuz'H:vz) [N]

-1.343E+05 © ©  -1.677E+05
-3.366E+04 -6.700E+04
6.700E+04 3.366E+04
1.677E+05 ' 1.343E+05

Utilization factors

0 o 0
0 0
0.330 0.166
0825 O O 0661

As in previous paragraph, if hand computation is made considering J, and J, (without
bolts own inertia) there are some differences with CSE computation: bolts own inertia
moment should be considered to refine hand computations (see previous paragraph).

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl caus e
1 6 B1L 11 - 1.671e+005 - 1.671e+005 -9.918e -004 2.534e -003 2.721e -003 3.613e+004 - 8.513e+003 3.712e+004 0.000 resis
1 6 BlL 21 - 1.340e+005 - 1.340e+005 -9.918e -004 2.490e -003 2.680e -003 3.613e+004 -85 13e+003 3.712e+004 0.000 resis
1 6 Bl 31 - 6.674e+004 - 6.674e+004 -9.604e -004 2.534e -003 2.710e -003 3.613e+004 - 8.513e+003 3.712e+004 0.000 resis
1 6 Bl 41 - 3.363e+004 - 3.363e+004 -9.604e -004 2.49 0Qe-003 2.669e -003 3.613e+004 - 8.513e+003 3.712e+004 0.000 resis
1 6 Bl 5 1 3.363e+004 3.363e+004 -9.290e -004 2.534e -003 2.699e -003 3.613e+004 - 8.513e+003 3.712e+004 0.165 resis
1 6 Bl 6 1 6.674e+ 004 6.674e+004 -9.290e - 004 2.490e -003 2.658e -003 3.613e+004 - 8.513e+003 3.712e+004 0.328 resis
1 6 Bl 7 1 1.340e+005 1.340e+005 -8.977e -004 2.534e -003 2.688e -003 3.613e+004 - 8.513e+003 3.712e+004 0.659 resis
1 6 Bl 8 1 1.671e+005 1.671e+005 -8.977e -004 2.490e -003 2.647e -003 3.613e+004 - 8.513e+003 3.712e+004 0.822  resis
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0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure B-143 Components utilization in combination 6 (bend  ing about weak axis)
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BCSTAL

B.6.1.8 Validation of welds stresses computation

Cross-check is made using Saldature application again (see A.3). Following image
shows the input data used.

200 F
¥
My
100
Ly, a4
o — /
Lz, a7

-100

~ BFex (% -y - 2 : riferimento arbitrario )
-200
=0 0 ° b aon a; =dimensione di gola dei cordoni
Confronto con CSE
tutll § cordion) hanno eglale dirmensione delia gola parl a; mm 7,071 i dato sostiuisce tale valore riferite ad assi principali
posizione| oo W i L A Vi X6 Y6 A Eni Exj A o,
cordoni fmm M M Juatus) M M o’ mm mrn mrn mrm
cordoni 1 167 0 -83.5 73 oo 73 118 -835 835 73 73
; 2 167 0 -835 F a3 oo -3 118 835 835 sl -3
paralleli 3
ad a}l{sse )
5
(neri) 5]
cordoni 7 923 -109,0 -1250 -109,0 79 65 -109 -109 -125 -33
paraliel 8 923 -109,0 328 -109,0 788 65 -109 -109 33 125
ad asse 9 023 1090 S1250 1090 788 E5 109 109 -125 -33
¥ 10 923 1090 328 1030 788 65 109 109 33 125
11
{hlu) 12
caratteristiche della A s Yo losec loyy loses o bt l6
Sezione crr mim mim et cm* cm* radianti gradi cm* cm*
49,7 0 0 1.821 3.647 0 0,0000 0 1.821 3.647

Figure B-144 Saldature application: input data

The following is welds numbering in CSE model, needed to compare results.

Wi#4 W%
H1

| W1 #5 |

I—W_'L.Ed—l

WE#3 w

Figure B-145
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B.6.1.8.1 Tension

Next image shows the loads applied to weld layout in Saldature application.

le comg ti di sollecitazione sono riferite al sist % -y - Z prescelto per la descrizione g trica
asse X asse y asse 7
catico Fu Il 2y 2 Fy hly By 2, F. tl, 2y By
[M] [M m] i i [M] [M m] i jualas] [M] [M m] i [aalas]
1 2.040.300,0
2
3

Figure B-146 Saldature application: applied loads

Following image shows the stresses computed for each fillet weld by Saldature
application. Sforzi nei cordoni in Saldature. For each weld, stress value in both extremes is
given (A, B). To compare with CSE results, consider maximum value.

condizione di carico 1 unita di misura degli sforzi:. N/mm2
cardoni n.  dovuto a: t. dovuto a: ty dovuto a:
" M, M, F: tot M. Fy tot - F. tot
14 0.0 0o 410 .4 410 4 0.0 0.0 0.0 0o 0.0 0o
1B 0.0 0o 410 .4 4104 0.0 0.0 0.0 0o 0,0 0o
24 0.0 0o 410 .4 410 .4 0.0 a0 0.0 an 0.0 0o
2B 0.0 0.0 410 4 410 .4 0.0 0,0 0.0 0.0 0,0 0.0
Fy Fy

7A 0.0 0o 4104 410 4 0.0 0.0 0.0 0o 0.0 0o
7B 0.0 0o 4104 410 .4 0.0 0.0 0.0 0o 0,0 0o
BA 0.0 0o 410 .4 4104 0.0 0.0 0.0 0o 0,0 0o
[a]=] 0.0 0.0 410 4 410 4 0.0 0,0 0.0 0.0 0,0 0.0
94 0.0 0o 4104 410 4 0.0 0.0 0.0 0o 0.0 0o
9B 0.0 0o 410 .4 410 4 0.0 0.0 0.0 0o 0.0 0o
104 0.0 0o 4104 410 .4 0.0 0.0 0.0 0o 0,0 0o
10B 0.0 0o 410 .4 4104 0.0 0.0 0.0 0o 0,0 0o

Figure B-147 Saldature application: stresses in welds

Stresses in CSE are the same:

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 1 wii1 4.104e+002 -4.049e -008 -1.777e -007 2.902e+003 3 1 1.975!!
1 1 W1 2 4.104e+002 -1.777e -007 4.049e -008 2.902e+003 3 2 1.975!1
1 1 W1 3 4.104e+002 4.049e -008 1.777e -007 2.902e+003 3 2 1.975!1
1 1 W1 4 4.104e+002 4.049e -008 1.777e -007 2.902e+003 3 2 1.975!1
1 1 W1 5 4.104e+002 1.777e -007 -4.049e -008 2.902e+003 3 1 1.975!M
1 1 w1l 6 4.104e+002 -4.049e -008 -1.777e -007 2.902e+003 3 1 1.975!1
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B.6.1.8.2 Shear parallel to flanges

le

ti di sollecitazione sono riferite al

% -y - Z prescelto per la descrizione g

ica

asse ¥ asse y asse 7
catico Fi Il By =) Fy My By =) Fa Il By By
[M] [N m] i mim [M] [M m] mim i [M] [N m] i i

1 787.800,0

2

3

Figure B-148 Saldature application: applied loads
condizione di carico 1 unitd di misura degli sforzi:. N/mm2
cardani n.  dovuto a: t. dovuto ty dovuto a:
w M, M, F- tot M F, tot M- F. tot
1A 0o 0o 0o oo 0o 1585 1585 oo oo oo
1B 0o 0o 0o oo 0o 1985 1985 oo oo oo
248 0o 0o 0o oo 0o 1585 1585 oo oo oo
2B 0o 0o 0o oo 0o 1585 1585 oo oo oo
Fy F,

TA 0o 0o 0o oo 0o oo oo oo 1985 1285
7B 0o 0o 0o oo 0o oo oo oo 1585 1585
B 0o 0o 0o oo 0o oo oo oo 1585 1585
8B 0o 0o 0o oo 0o oo oo oo 1985 1285
94 0o 0o 0o oo 0o oo oo oo 1585 1585
9B 0o 0o 0o oo 0o oo oo oo 1585 1585
104 0o 0o 0o oo 0o oo oo oo 1985 1285
108 0o 0o 0o oo 0o oo oo oo 1585 1585

Figure B-149 Saldature application: stresses in welds

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force  Cause Ext Expl
1 2 W1 1 3512 -005 -1.585e+00 2 2.779e -007 1.121e+003 3 2 0.762
1 2 W1 2 2.050e -006 2.779e -007 1.585e+002 1.121e+003 3 1 0.762
1 2 W1 3 3.513e -005 1.585e+002  -2.779e -007 1.121e+003 3 1 0.762
1 2 W1 4 -3.512e -005 1.585e+002  -2.779e -007 1.121e+003 3 2 0.762
1 2 W1 5 -2.050e -006 -2.779e -007 -1.585e+002 1.121e+003 3 1 0.762
1 2 W1 6 -3.513e - 005 - 1.585e+002 2.779e -007 1.121e+003 3 1 0.762
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B.6.1.8.3 Shear parallel to web

¥

le comg ti di sollecitazione sono riferite al sist % -y - Z prescelto per la descrizione g trica
asse X asse y asse 7
carico F. Ity 2y g; Fy iy By g; F. I, By By
[M] [M m] i i [M] [M m] i jualas] [M] [M m] i [aalas]

1 390.170,0

2

3

Figure B-150 Saldature application: applied loads
condizione di carico 1 unitd di misura degli sforzi:. N/mm2
cardoni n. dovuto a: t; dovuto a: t; dovuto a:
W Mg‘ M.|1 Fz tot Mz Fy tot Mz F:( tot
1A 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 7549 7549
1B 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 7549 7549
248 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7849 /5,49
2B 0o oo oo oo oo 0o oo oo 78,49 7849
F. Fy,

A 0.0 0.0 0.0 0.0 0,0 7849 78,49 0.0 0.0 0,0
7B 0.0 0.0 0.0 0.0 0,0 7849 75,49 0.0 0.0 0,0
g4 0.0 0.0 0.0 0.0 0,0 7849 7548 0.0 0.0 0,0
BB 0.0 0.0 0.0 0.0 0,0 7849 7549 0.0 0.0 0,0
A 0.0 0.0 0.0 0.0 0.0 7849 78,49 0.0 0.0 0.0
9B 0o oo oo oo oo 7849 7849 oo oo oo
104 0o oo oo oo oo 7849 7849 oo oo oo
108 0o oo oo oo oo 7849 7843 oo oo oo

Figure B-151 Saldature application: stresses in welds

Internal stresses in welds, exploitations

Inst Combi Name Weld nPer tPar tPer force
1 3 W1 1 1.934e -006 -2.953e - 009
1 3 W1 2 -1.502e - 006 - 7.849e+001
1 3 W1 3 -1.981e -006 2.978e -009
1 3 W1 4 -1.951e -006 2.978e -009
1 3 W1 5 1.502e -006 7.849e+001
1 3 W1 6 1.964e -006 -2.953e -009

Cause Ext Expl

- 7.849e+001 5.550e+002 3 2 0.378
2.975e - 009 5.550e+002 3 1 0.378
7.849e+001 5.550e+002 3 1 0.378
7.849e+001 5.550e+002 3 1 0.378
-2.956e -009 5.550e+002 3 1 0.378
- 7.849e+001 5.550e+002 3 2 0.378
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B.6.1.8.4 Torque

MO

le componenti di sollecitazione sono riferite al sistema x - y - z prescelto per la descrizione geometrica

Inst Combi Name Weld

RPRRRRR

asse x asse y asse 2
catico Fy Tl ey e Fy bty Ex B F. I, 9 By
[M] [N rn] rnrm rrirm [N] [M ] rrm rrirm [M] [ 1] rrirm rnrm
1 B.526,5
2
3
Figure B-152 Saldature application: applied loads
condizione di carico 1 unita di misura deqgli sforzi:. H/mm2
cardoni n.  dovuto a: t, dovuto t; dovuto
' Mg’ Mﬂ Fz tot Mz Fy tot Mz Fx tot
14, a0 00 0o 00 -13,02 an -1302 -1.136 0o -113k
1B a0 00 0o 00 13,02 an 13,02 -1.136 0o -113k
28, a0 00 0o 00 -13,02 an -1302 1,13k 0o 113k
2B a0 00 0o 00 13,02 an 13,02 1,13k 0o 113k
F, F,
i, oo oo oo oo 1949 oo 19 .49 -6 99 oo -16,99
7B oo oo oo oo 5107 oo 5,107 -6 99 oo -16,99
B, oo oo oo oo -5 107 oo 5,107 -16 99 oo -16,99
2B oo oo oo oo -19.49 oo -19 49 -16 99 oo -16,99
O, oo oo oo oo 1949 oo 19 49 16,99 oo 16,99
9B oo oo oo oo 5107 oo 5107 16,99 oo 16,99
104 oo oo oo oo -5 107 oo -5.107 16,599 oo 16,99
10B oo oo oo oo -19 49 oo -19 49 16,599 oo 16,99
Figure B-153 Saldature application: stresses in welds
Internal stresses in welds, exploitat ions
nPer tPar tPer force  Cause Ext Expl
4 W1 1 8.163e -009 -1.699e+001 1.949e+001 1.829e+002 3 2 0.124
4 W 12 -6.255e -009 1.136e+000 - 1.302e+001 9.242e+001 3 1 0.063
4 W1 3 -8.163e - 009 - 1.699e+001 - 1.949e+001 1.829e+002 3 1 0.124
4 W1 4 -8.163e - 009 - 1.699e+001 1.949e+001 1.829e+002 3 2 0.124
4 W1 5 6.255e -009 1.136e+000 - 1.302e+001 9.242e+001 3 1 0.063
4 W1 6 8.163e -009 -1.699e+001 - 1.949e+001 1.829e+002 3 1 0.124
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B.6.1.8.5 Bending moment about strong axis

MO

le

ti di sollecitazione sono riferite al sist

% -y - Z prescelto per la descrizione g

ica

Figure B-155 Saldature application: stresses in welds

Internal stresses in welds, exploitations

Inst Combi Name Weld

RPRRRRR
[GRGEG RGN NS

nPer tPar

- 6.458e+002

4.949e+002

6.458e+002

4 6.458e+002
- 4.949e+002

- 6.458e+002

tPer

1.598e
8.804e
-1.598e
-1.598e
- 8.804e
1.598e

force

-007
- 005
- 007
- 007
- 005
- 007

Cause Ext Expl
8.804 e-005 4.567e+003
-1.598e - 007 3.499e+003
-8.804e - 005 4.567e+003
-8.804e - 005 4.567e+003
1.598e  -007 3.499e+003
8.804e -005 4.567e+003
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asse X asse y asse Z
carico Fy Mty gy 8 Fy ety By 8 F. b, 2y 2y
[M] [M m] i i [M] [M m] i jualas] [M] [M m] i [aalas]
1 216.145,0
2
3
Figure B-154 Saldature application: applied loads
condizione di carico 1 unita di misura degli sforzi:. Nfmm2
cardoni n.  dovuto a: 1. dovuto a: ty dovuto a:
e M, M, F: tot M. Fy tot M. Fv tot
1A 0o 494 9 0o 454 9 0,0 0,0 0o 0,0 0o 0o
1B 0o -4594 9 0o -4594 9 0,0 0,0 0o 0,0 0o 0o
24 0o 494 9 0o 454 9 0,0 0,0 0o 0,0 0o 0o
2B 0o -4594 9 0o -4594 9 0,0 0,0 0o 0,0 0o 0o
Fy F,
A 0o 5458 0o 6458 0,0 0,0 0o 0,0 0o 0o
7B 0o 545,58 0o 645,38 0,0 0,0 0o 0,0 0o 0o
BA 0o 545,58 0o 645,38 0,0 0,0 0o 0,0 0o 0o
8B 0o 545,58 0o 645,38 0,0 0,0 0o 0,0 0o 0o
94, 0o B45 8 0o 545 8 0,0 0,0 0o 0,0 0o 0o
9B 0o B45 8 0o 545 8 0,0 0,0 0o 0,0 0o 0o
104, 0o B45 8 0o 545 8 0,0 0,0 0o 0,0 0o 0o
10B 0o B45 8 0o 545 8 0,0 0,0 0o 0,0 0o 0o




B.6.1.8.6 Bending moment about weak axis

le ti di sollecitazione sono riferite al

% -y - Z prescelto per la descrizione g

trica

Figure B-157 Saldatu re application: stresses in welds

Internal stresses in welds, exploitations

Inst Combi Name Weld

RPRRRPRR
oo oo

nPer tPar tPer force
w1l 1 6.940e+002 1.749¢e - 006
w1l 2 4.045e+001 2.348e - 006
w1l 3 6.940e+002 - 1.749e - 006
w1l 4 - 6.940e+002 - 1.749e - 006
W1l 5 - 4.045e+001 - 2.348e - 006
W1l 6 - 6.940e+002 1.749¢e - 006

CSE: worked examples i validation (part B)

Cause Ext Expl

2.348e -006 4.907e+003 3 2 3.339!!
-1.749% -006 2.860e+002 3 1 0.195
-2.348e - 006 4.907e+003 3 1 3.339!!
-2.348e - 006 4.907e+003 3 2 3.339!!

1.749e -006 2.860e+002 3 1 0.195

2.348e -006 4.907e+003 3 1 3.339!!
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asse X asse y asse 7
carico F. Ity 2y g; Fy iy By g; F. I, By By

[M] [M m] i i [M] [M m] i jualas] [M] [M m] i [aalas]

1 101.080,0

2

3

Figure B-156 Saldature application: applied loads
condizione di carico 1 unitd di misura degli sforzic. N/mm2
cardoni n.  dovuto a: t. dovuto a: t; dovuto a:
W M, M, F. tot M F, tot M, F. tot
1A 4045 0o 0o 40 45 oo o0 oo 0o oo 0o
1B 40 45 0.0 00 40 45 00 a0 0,0 00 on 0.0
28 -40 .45 0o 0o -40 45 oo o0 oo 0o oo 0o
2B -40 45 0.0 00 -40 45 00 0,0 0,0 00 o0 0.0
Fy Fy

T 634 0 0.0 00 634 0 00 a0 0,0 00 on 0.0
= -181.8 0o 0o -181.8 oo o0 oo 0o oo 0o
B4 1818 0.0 00 1818 00 a0 0,0 00 on 0.0
[&]=] 5340 0o 0o B94 0 oo o0 oo 0o oo 0o
= 694 0 0.0 00 694 0 00 0,0 0,0 00 o0 0.0
9B -181.8 0.0 0o -181.8 0o o0 00 0o on 0.0
104 1818 0.0 00 1818 00 0,0 0,0 00 o0 0.0
10B R340 0.0 00 f94 0 00 a0 0,0 00 on 0.0
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HCSTAL
C.1 PULL-OUT CHECK FOR BOLTS OF ANCHOR BOLT LAYOUTS

To check CSE computation for bolts pull-out, consider a column base, with HEB 260
cross-section (model Validation_Anchor_1.CSE).

The joint is under bending about column strong axis; at the base, moment is equal to
1.2*10°Nmm; in addition, at the base there is a shear parallel to column web equal to
4*10°N; this shear is equally distributed in the 12 bolts (M30, class 8.8).

D

Figure C-1 3D view of the joint
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Anchor data @

Computing and display data

L
1 Kind anchor (1, 2, 3, 4 0 5) Ln Ln 1
&

100 a(kind1,2, 3, e4) a a L

15 -
500 i -

Ln (kind 1, 2, 3, 4) 1 3 3 T'ﬁr 5
i r(kind 2, 3, e 4)
Symbol meaning
50 L2 (kind 2) a: minimum distance from free surface
’1.5— fbd (kind 1, 2, 3) [ Eurocode = (0.4725 / gamma,c) * (fek}~2/3] fbd: tangential design bond stress of concrete
fed: design compressive stress of concrete

o

fed (kind 3, 4) [ =fck/gamma,c] fck: characteristic compressive stress of concrete

F.L (kind 5) fi: bar diameter
Fd: design pull-out force

1

t (display only unused in checks) 1 [ ol
,L: limit pull-out force

gamma,c: partial safety factor for concrete (=1.5)

Knd 4 Fd = [fbd / (1+fifa)~2] * Ln * pi * fi [ safety Ln: anchorage straight length
Kind 2 L2: straight length after the hook
Fd= [fbd / (1+fifa)~2] * (Ln + 7.4 * r + 3.5 * L2) * pi * fi [ safety pi: 3.14152128
Kind 3 r: radius of bending of bar or circular washer radius
Fd = {[fbd / (1+fi/a}~2] = Ln * pi = fi + fcd = pi = r~2} / safety t: washer thickness
Kind 4
Fd =3 * fcd * pi * r~2 [ safety [Ln==2r a > 3r] Ec2-1-1 (6.7(2)) safety: 1 (EN1993, CNR SLU; BS); 1.5 (CNR TA)
Kind 5 1. (ISBO0-LS); 1.666 (IS800-WS)
Fd = F,L / safety 1.333 (AISC-LRFD); 2 (AISC-ASD)

Cancel |

Figure C-2 Anchor bolts data

As we can see in the deformed view of following figure, there are some bolts in
tension and an area in compression between base plate and constraint block. In this
model, bolts do not react to compression and bearing surface check is not investigated.
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Figure C-3 Amplified deformed view (side view)

Forces distribution in bolts has been investigated in part B of this document.
Considering forces computed in each bolt by CSE, we can now compute the utilization
value for bolts pull-out check, to compare it with CSE result. Consider the bolt with the
highest tension force (bolt number 1, see NTB column in following abstract). The utilization
factor is the ration between axial force in bolt and limit force. If limit force is exceeded,
there is a pull-out.

Internal actions in bolts at different planes, utilization ratios

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl cause
(N) (N) (N) Ny (N (Nmm) (Nmm) (Nmm)
1 1 Bl 1 1 698256 69825.6 3333.3 0.0 33333 0.0 19112.8 19112.8 1.669 pullo mn
1 1 B1 2 1 232752 232752 3333.3 0.0 33333 0.0 19112.8 191128 0.556 pullo
1 1 B131 -23275.2 -23275.2 3333.3 0.0 33333 0.0 19112.8 19112.8 0.012resis
1 1 B1 41 -69825.6 -69825.6 3333.3 0.0 33333 0.0 1911 2.8 191128 0.012 resis
1 1 Bl1 51 698256 69825.6 3333.3 0.0 33333 0.0 19112.8 19112.8 1.669 pullo !t
1 1 B16 1 -69825.6 -69825.6 3333.3 0.0 33333 0.0 19112.8 19112.8 0.012 resis
1 1 Bl 7 1 698256 69825.6 3333.3 0.0 33333 0.0 191128 191128 1.669 pullo It
1 1 B181 -69825. 6 -69825.6 3333.3 0.0 33333 0.0 19112.8 19112.8 0.012resis
1 1 Bl 9 1 698256 69825.6 3333.3 0.0 33333 0.0 191128 191128 1.669 pullo 1!
1 1 B110 1 232752 232752 3333.3 0.0 33333 0.0 19112.8 191128 0.556 pullo
1 1 B111 1 -23275.2 -23275.2 3333.3 0.0 33333 0.0 19 112.8  19112.8 0.012 resis
1 1 B112 1 -69825.6 -69825.6 3333.3 0.0 33333 0.0 19112.8 19112.8 0.012resis

Pull-out force Fq4 for anchor bolts is equal to:

:LeqC"DC')bC"f 1
safe s &
v 4,78

¢

a-
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where Lq is the equivalent length of the bars, ¢ is tangential bond stress, £ is bar diameter,
ais the distance from the free surface, and safety is a safety factor which is equal to 1
according to EN1993-1-8.

_ 500mmA5N /mntf  B0Omm 1

F, > =418259N
1 (1+0,3
Utilization factor is the same computed by CSE:
NTB,, _ 69830 — 1669
F, 418259N
Utilization er;;r;alope .
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-4 Components utilization envelope

C.2 AUTOMATIC FEM MODEL CHECK

The model used here (Validation_ FEM_1.AA.P1.WSR) is similar to the one of
previous paragraph. In addition, now we include the automatic FEM model creation and
analysis of the base plate (Figure C-6).
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Figure C-5 3D view of the model

500 = Height (D)
[0 = Length D)
35 il Thickness [DZ]

F1 Marme
5235 M aterial Change: dodify. Add

Checks
[

Fem modelling
¥ Create FEM model ™ Use nonlinear computation

Borders and welds element size

,20—
’20— Generic elements size (if O then fiee size)
19.8

,D.1—

Triangle minimum angle in degrees [default

Mode distance tolerance [if dist < tol then the nodes are merged)

T

™ Search and mesh stiffeners when preparing fem maodel

Cancel

Figure C-6 Settin gs for automatic FEM model creation

Model settings:

1 Plate-shell elements size on edges and weld lines: 20mm
1 Maximum plate-shell elements size: 20mm

1 Elements minimum angle: 19.8°
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1 Node tolerance: 0.1mm (if the distance between two nodes is smaller than 0.1, nodes
are merged)

The automatically created model has the same properties (geometry and material) of
the 3D component in CSE. It has a number of load cases equal to check combinations
multiplied by jnode instances. Here we have only one combination and one instance, so
the Fem model has just one load case.

As shown in Figure C-7, each load case has nodal forces in correspondence of the
bolts and the welds which transfer forces to the plate. In addition, small nodal forces model
the compression on bearing surface (see Figure C-8, where plate shell elements are
hidden and forces length is the same, not scaled according to forces value).

Sargon Readen® - by Castalia srl - www castaliaweb.com- wer. 9.80 11-2011

Figure C-7 Base plate FEM model automatically created by CSE

Nodal constraints are needed to solve the static problem, but since the model is self-
balanced these constraints have quite null forces (the more mesh size is small, the more
constraint forces are small). As expected, nodal forces resultant is shown in Figure C-9: it
is quite null (0.02N) if compared to applied forces (bending moment is 1.2*108Nmm, shear
4*10°N).
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Sargon Readen® - by Castalia srl - www castaliaweb.com- wver. 9.80 11-2011

Figure C-8 Plate-shell elements hidden, nodal forces displayed with the same length

[ Loads on Selected Objects @‘
Nodal ] Uniform ] Concentrated ] Linear ] General  Total l
Forces Couples Total couples fresp. O) Pt application F
0013308664065 £ | | o We | | [0.02558963195 Ty | | [22207059.4600854 p
|-1.6358428021252¢ Fy 659255 4648437 My [-614096.871581% My |0.925375960423345 Yp
[0.0175862088E13 Fz | | o Mz | | [232830643853 M1z | | [16B017835015822 7p
0.02205256076636 F |559255.4648437: M [1932607.801269 MT

oK | Amula | | 2

Figure C-9 Nodal forces resultant: F=0.02N

Following figures show the amplified deformed view of base plate FEM model and
Von Mises stress in plate-shell elements (in the only load case of the model).
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Sargon Readen® - by Castalia srl - www castaliaweb.com- wver. 9.80 11-2011

Figure C-10 Amplified Deformed View

VALIDATION_FEM_1.AA.P1
Case =1/ 1 Von Mises stress - Face Visible - Total - N/ mm"2

71e+000 5.855e+001 1.160e+002 1.735e+002 2.310e+002 2.885e+002 3.460e+002 4.034e+002 4.609e+002 £.184e+002 5.759¢+0
Figure C-11 Von Mises stresses on visible face (with interelement jumps); max value: 575.9N/mm?
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VALIDATION_FEM_1.AA.P1
Case = 1/ 1 Von Mises stress - Face Hidden - Total - N/ mm?"2
1.092e+000 5.835e+001 1.156e+002 1.729e+002 2.301e+002 2.874e+002 3.447e+002 4.019e+002 4.5692¢+002 5.164e+002 5.737e+002
Figure C-12 Von Mises stresses on hidden face (with interelement jumps); max value: 573.7N/mm?

Maximum computed value for Von Mises stress is 575.9N/mm? on visible face. CSE
uses this value to get an utilization factor: maximum Von Mises stress is divided by
material yield stress and multiplied by guo safety factor. This utilization factor is then
compared to the results of other checks (bolt bearing, block tear, etc.) and maximum value
is given.

Material is S235; plate thickness is 35mm<40mm so no yield stress reduction is
needed according to EN1993. Utilization factor is equal to:

Sum.mex Do 5759N/mnt A.0
f 235N /mnt

y

expl= =2451

The same value is computed by CSE.

Cleats whose worst utilization ratio is due to fem resistance checks

Inst Combi Name VM fd  Expl
( N/mm?)  ( N/ mm?)

1 1 P1 575.9 235.0 2451 1!
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Utilization envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-13 Components utilization envelope

If yield stress is exceeded in some areas of the FEM model, it is up to the designer to
choose one of the following conditions:

1 these areas are just local peaks of stress (they can be neglected and plate can be
considered checked);

1 these areas are so big that plate must be considered unchecked (so stiffeners need to
be added, or plate thickness must be increased, or steel grade, etc.);

1 for conditions in the middle between the two previous ones, a nonlinear computation
could be needed in order to see if the plate is able to carry the whole load with some
plasticizations (elastic-perfectly plastic constitutive law).

NOTE WELL: in this model we required the automatic creation of plate FEM model
together with its automatic analysis and automatic computation of an utilization factor
according to maximum Von Mises stress; it is also possible to require the FEM model
creation only, without its analysis, in order to keep FEM results separated from other
checks results. Models can be created for one of the interfaced programs, and then
analysed with chosen program.
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C.3 SLIP-RESISTANT BOLT LAYOUTS CHECK

Some modifications were done to the model seen in previous paragraphs: bolt layout
settings have been changed in order to use a slip-resistant layout (model:
Validation_Slip_1.CSE) and loads have been set to have only shear at the base (this is not
a realistic condition, but is needed to get easier and clearer hand computations).

FEM model creation is not required, and since there is not applied bending or tension,
pull-out check of bars is not relevant.

Figure C-14 3D view of the joint

The following figure shows preload and settings for slip-resistance check.
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Slip resistant joint @
Fp.C
BEeEe——
v Fp.C
Data General formulae
’70 4 o Fp,C=Kn * fub = Ares preload of bolts as a fraction of ultimate load
fu,b - Ares ultimate stress (e.g..: 8.8 = 800MPa) - Threaded bolt area
1 A V < Mu * Fi * Fp,C/ safety  maximum design shear as a fraction of preload
Mu friction coefficient
0.7 Kn
Fi hole coefficient
safety safety factor
Hints
If the bolts are "slip resistant" slip is considered as failure and exploitation is > 1
EM 1993-1-8 / 15 800 CNR 10011 AISC
Class Mu Kind Mu Class Mu equivalent
Al 0.5 Treated surfaces 0.45 A 0.30 * 1.13 = 0.339
B 0.4 Untreated surfaces 0.30 B 0.50 * 1.13 = 0.565
C [ w, vii, viii 0.3 C 0.40 * 1.13 = 0.452
D/i 0.2
Hole Fi Always Fi Hole Fi(LRFD)  Fi(ASD)
Normal 1.0 1.0 Normal 1.0 1/1.5
Slotted short 0.76 / 0.85 Slotted short 0.85 1/1.76
Slotted long 0.63/0.70 Slotted long 0.70  1/2.14
Safety  gammaM3 / gamma,m,f Safety 1.25 ULS, 1.875 AS Safety 1
Cancel |

Figure C-15 Data for slip -resistance check

K, defines the preload as a percentage of bolts ultimate load for tension. With K,=0.7,
preload is equal to:

Fo.c = Kn * fup* Aes = 0.7 * 800N/mm? * 561mm? = 314160N

f (Fi) is hole coefficient; in EN1993-1-8 it is named ks and is equal to 1 for normal
holes; m(Mu) is friction coefficient, here defined equal 0.4 (class B surfaces). With previous
value, the limit shear over which slip occurs is, for a single bolt:

_k,nm

_10M4 .,
Fora = =
Gus

F @1416IN =11424N

p.C

where n=1 is the number of surfaces involved by friction (CSE automatically detects this
parameter).

Since the layout is slip-resistant, resistance check of bolts shaft under shear is not
required. We just need to check that applied shear on each bolt does not exceed limit
value Fsgrg. Each bolt carries a shear equal to total applied shear (V) divided by bolt
number (ng). Check is:
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V., _V/n, _360000N/12
Forg Fopg 114240

expl, = 0.263

As we can see in following abstract, CSE computes slightly different values, and we will
see shortly the reason of this difference, due to simplified hand computations.

Internal actions in bolts at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB Expl cause
1 1 Bl 1 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.00 0e+000 1.984e+003 1.984e+003 0.268 slip
1 1 Bl 2 1 2.416e+003 3.166e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.264 slip
1 1 B1 31 - 2.416e+003 3.117e+005 3.00 0e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 B1 41 - 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 B1 5 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 B161 - 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl 7 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 B181 - 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl 9 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 B110 1 2.416e+003 3.166e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.264 slip
1 1 B111 1 - 2.416e+003 3.117e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl112 1 - 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip

The reason ot the difference between hand computation and CSE computation is that
there is not only shear in bolt layout, but also a bending moment of transport due to shear
multiplied by a lever arm. This lever arm is the offset between shear application point
(lower extreme of the column) and friction surface (lower face of the plate on upper face of
contraint block): in practice, it is equal to plate thickness. See the deformed view in Figure
C-16 and the offset in Figure C-17.

: 1l :

Figure C-16 Amplified d eformed view: shift plus bending
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Figure C-17

The following abstract show internal forces in bolt layout.

Overall internal actions over Bolt La youts
Id Inst Combi Sec  NT TuT TvT MtT MuT MvT
Bl 1 1 1 0.0000e+000 3.6000e+005 0.0000e+000 0.0000e+000 0.0000e+000 1.2600e+007

If we divide the bending moment computed by CSE (MvT in the abstract) by the
applied shear, we get exactly the thickness of the plate:

1.26*10’Nmm / 3.6*10°N = 35mm

This bending moment of transport produces an additional tension in bolts, that must
be considered when computing limit shear value for slip, according to the following formula
of EN1993-1-8.

— ksnn(FpQ - 078Ft,Ed)

s,Rd
[2/VE

Consider again the abstract previously shown:

Internal actions in bolt s at different planes, exploitations

Inst Combi Name Bolt -?- NB NTB TuB TvB B MuB MvB MB  Expl cause
11 Bl 11 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 Bl 2 1 2416e+003 3.166e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.98 4e+003 0.264 slip
1 1 B131 - 2.416e+003 3.117e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl 41 - 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.00 0e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl 5 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 Bl161 - 7.247e+003 3.06 9e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl 7 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 B181 - 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 Bl 9 1 7.247e+003 3.214e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.268 slip
1 1 B110 1 2.416e+003 3.166e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.264 slip
1 1 B111 1 - 2.416e+003 3.117e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
1 1 B112 1

- 7.247e+003 3.069e+005 3.000e+004 0.000e+000 3.000e+004 0.000e+000 1.984e+003 1.984e+003 0.263 slip
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In column NB we have the axial force in bolts (NTB column is the sum of NB and
preload). Some bolts are subjected to tension, others to compression, according to their
position In the layout. For this reason, slip check on different bolts must give different
results, and maximum utilization factor for slip should be on the bolt with maximum tension
(bolt number 1, with NB = +7247N). If we compute limit shear for this bolt, we get:

_knfF, - 08F )  1AM.43 (314160 0.8(7247)N
s,Rd — -
Gus 11

=11213N

And associated utilization factor is:

Vs, _ 3000(N
Fo 11213N

S,

expl, = =0.268

which is the same value computed by CSE.

NOTE WELL: tension in bolts produces a reduction of limit shear value, but compression in
bolts does not increase limit shear value (being on the safe side).

C.4 MEMBERS NET SECTIONS CHECK

CSE automatically recognizes reductions of members gross cross-section due to bolt
holes, notches, bevels, cuts or other work processes, scanning the member along its axis.
In addition, CSE computes the properties of these cross sections.

If user requires it, the program automatically checks the resistance of all the net
sections found, in each load combination and in each jnode instance, considering the
forces acting on a given section (only the forces transferred by bolts and welds which are
beyond considered section).

If net sections check gives maximum utilization factor (amont bolt bearing, bolt
tearing, userb6s checks, FEM check, etc. ),
and shown at screen.

Consider a single sided beam to beam joint, with a hinged supported beam
connected using an end plate (model Validation_NetSections_1.CSE). Supported beam is
double notched (see Figure C-19) and there are not bolt holes. We have net sections in
correspondence of the notches.
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Figure C-18 3D view of the model

Figure C-19 Detail

In imported FEM model there is a force in supported beam middle point (Figure
C-20). Since it is hinged moment distribution will be triangular (Figure C-21).
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OFFSET {K
DETAIL

— ——— HINGE

Figure C-20 Imported FEM model

Distance between the two nodes of supported beam is 1000mm, but there is a rigid
offset equal to 12.8mm in the FEM model, in order to subtract plate thickness and half ow
supporting beam web thickness from member total length. Supported member total length
is L=1000mm-12.8mm=987.2mm.

Internal shear in supported beam is equal to:
V = F/2 = 100000N / 2 = 50000N
Bending moment is null at the extremes; in the middle it is equal to:

Mmax = V * (L/2) = 50000N * 987.2mm / 2 = =2.468*10’Nmm

Bending moment Shear

T3=5.000e+004

\

-5|0DDe+004 N
M2=-7.451¢4 !

g+007 Nmm

Figure C-21 Internal forces in FEM model
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CSE found two net sections in supported member (see Figure C-22 and Figure C-23). The
position of these net sections along member axis is shown in Figure C-24: they are at 1mm
from section change.

s 3

AA.m2 - Section 1 - Distance 1 mm - Side min 5.8 mm - Side max 129 mm

78.4 mm? Av3n=778 4 mm? WplZn= 270484 mm* Wpl3n= 1089.76 mm* xg=0 mm yg=0 mm
2= 0053 W3n/W3= 0028 Wpl2n/Wpl2= 0123 Wpl3n/Wpl3= 0024

001-2012 - Castalia srl - Milan - www.castaliaweb.com

Figure C-22 Member m2, net section 1

.

4 mm* Wplan= 1088.78 mm* xg=0 mm yg=0 mm
0.123 Wpl2n / Wpl3= 0.024

Figure C-23 Member m2, net section 2
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3
D

—
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Figure C-24 Net sections position

CSE gives net sections properties, but now we are going to compute them
independently from the program. We need sections area and bending moduli. Web
thickness is 5.6mm; net section height is equal to 139mm (Figure C-24). Area is:

Anet = 139mm * 5.6mm = 778.4mm

Shear check for a rectangular section is:

— VEd
TP A,
where
f,=f,/Guo/3=235N/mnf/1/+/3=1357N/mnf
SO:
ol = 7784m:S;3?$N/mnf 0473 <05

Since utilization factor for shear is less than 0.5, resistance to bending has not to be
reduced (note well: here there is not axial force). Net section inertia moment about
member strong axis is:

J = 5.6mm * (139mm)® /12 = 1253288.9mm*
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Bending modulus about the same axis is:
W =J/(L/2) = 1253288.9mm* * 2 / 139mm = 18032.93mm?

The same values are computed by CSE:

Data acquisition of a section made up by polygons @
778399960 A 1] it
I |1 2532888 )2 |1 80329338 0 I
203421850 J3 T26.R0E5T W3
o o |27043.4000 wpl2
401258430 2 108976000 ‘wpl3
[1.6165807 i3 o u
o e o Vi
|o 2 |o %3
1] Frincipal axes angle
| Mame . )
™ Computes plastic modul
Polugons management
Ty — Updates | Cancel
Madify polygon... | s |
Remove palygon!
[Fonsvonchse | »
Shift polwgon...

Figure C-25 Net section properties

As previously said, bending moment has a triangular shape.

rigid offset

LIU“HHH\H | H M,H_H]HU,.ULJLH

2.468*10"Nmm

Figure C-26 Bending model (imported FEM model from Sargon)

Referring to Figure C-27, moment is quite null in section 1; in section number 2,
bending moment is equal to:
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M -9 =2 46800 Nmm—I"M _ _1 950¢0F Nmir
L/2 987.2mm 2
2 1
o
Figure C-27
Stress to be considered in bending check is:
.I:
£ =y 2BN/MNT e min?
Imo
For net section 2, utilization factor for bending is:
6
expl, M 1.950% 10° Nmm ~0460 <expl,

“WE,  1803293mn? 235N/ mnt

Maximum utilization factor is due to shear and is equal to 0.473. CSE computes the
same value:

Members whose relevant exploitation is due to net sections check

Inst Combi Name Sect N T2 T3 M1 M2 M3 fd  Expl

1 1 m 2 -3.203e -013 -8.176e -012 -5.000e+004 0.000e+000 - 1.950e+006 1.994e - 010 2.350e+002 0.473

Following figure show CSE results for most critical net section.
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COMPUTING DATA:

Renode Component: AA m2 Section=2; Instance = 1; Combination = 1;

N=-3.203e-013 N; V2=8176e012 N; V3=5.000e+004 N; M2=-1.950e+008 N mm; M3=1.8942010 N mm;

Exploitation indes (N,V.M}= 0.473 ; Sigma =1.081e+D02 N/ mm" Sigma,d = 2.35024002 N/ mm™

o=-108.1

ca 1021

C.5.E. Copyright (G} - 2001-2012 - Castalia =1l - Milan - www. castaliawsb.com

Figure C-28 Net section results

=

0.20

Exploitation envelope
0.40

0.60 0.80 1.00

1.20 1.40

Figure C-29 Components utilization envelope
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C.5 SIMPLIFIED CHECKS FOR CLEATS (STANDARD SECTIONS)

In model Validation_Cleat_1.CSE, which is shown in following figures, the automatic
simplified check for cleats standard sections have been done by CSE. Standard sections
are relevant check sections depending on component type, as explained later.

Figure C-30 3D view of the joint

Figure C-31 Detail of the connection

Slave member is a truss, so axial force only is transferred from it to master member
(tension, in this case). Applied force produces shear force on slave web bolt layout and
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axial force in master flange bolt layout. In addition, there is a moment of transport due to
the offset between applied load and bolts. This actions are transferred to the angle cleats.

Figure C-32 Amplified deformed view

CSE checks the resistance of some sections depending on cleat shape. In case of
angles, two sections are checked; those sections, which are shown in following figure, are
checked through an equivalent beam model. Note well: since we required to neglect bolt
shafts bending from resistance checks, it has not to be considered in cleats (but also
members) check. CSE computes bending in shafts anyway, but user can require to not
consider it during the checks.

Bolt layout B1
- extreme 3

Bolt layout B3
— =0 - extreme 1

52

Figure C-33 Check sections S1 and S2

Forces acting on section S1 are those of extreme 3 of bolt layout B1; forces acting on
section S2 are those of extreme 1 of bolt layout B3. Considering the following CSE
abstract, forces computed on involved bolt layouts extremes are:
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Forces acting over bolt layouts at different extremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz
Bl 1 1 1 4.1856e+004 -1.4881e - 005 7.4475e+001 -1.0906e - 004 1.1348e+006 5.2621e - 005
B1 1 1 2 - 8.3712e+004 3.2445e -006 -7.1054e -014 1.7462e -009 1.8626e -009 -2.3238e - 005
B1 1 1 3 4.1856e+004 1.1636e - 005 -7.4475e+001 -1.2 429e-004 -1.1348e+006 - 2.9383e - 005
B2 1 1 1 1.6125e - 005 7.4475e+001 4.1856e+004 8.6027e+005 9.7767e -004 1.6226e -004
B2 1 1 2 -1.6125e -005 -7.4475e+001 -4.1856e+004 -8.5926e+005 -1.1954e -003 - 1.6226e - 004
B3 1 1 1 7.0803e -006 -7.4475e+001 4.1856e+004 - 8.6027e+005 1.1791e - 003 8.7227e -004
B3 1 1 2 - 7.0803e - 006 7.4475e+001 - 4.1856e+004 8.5926e+005 -1.2747e -003 -8.7227e - 004

Section S1: Axial force equal to 4.1856*10*N (Fx in the abstract)
Shear equal to i 7.4475*10'N (Fz)

Bending moment equal to i 1.1348*10°Nmm (My)

Section S2: Axial force equal to i 7.4475*10'N (Fy)
Shear equal to 4.1856*10*N (Fz)

Bending moment equal to i 8.6027*10°Nmm (MXx)

As we can see, CSE computes a force normal to applied load in both extremes (Fz in
B1 - extreme 3, which is axial force in B1 bolts, and Fy in B3 i extreme 1, which produces
shear in B3 bolts. These forces are usually not considered in hand computations, but they
are present and CSE computes them (see part B for forces distribution in joiners).

An axial force in bolt layout produces shear in corresponding net section and a shear
in a bolt layout produces an axial force in corresponding section (see next figure).

Check sections have a rectangular section with these sizes: base is equal to angle
(12mm), height is equal to angle length (159mm).

205

CSE: worked examples i validation (part C) www.steelchecks.com info@steelchecks.com



erEH

Fz

l” B FXg;
F

£B1

Figure C-34 Forces in bolt layouts and corresponding forces in check sections

Forces acting on check sections are printed in the following table:

Check section S1 Check section S2
FXs1 = - FXg1 = 41856N Fyss = - Fyss = 74.475N
Fzs) = - Fzg, = 74.475N Fzs, = - Fzgz = 41856N
Ms1 = Fzgy * b = 2290Nmm Ms, = Fzgz * b = 1287000Nmm

Check sections area A = 12mm x 159mm = 1908mm?. Inertia modulus about the
axis subjected to bending, and then its corresponding modulus, are:

J =159mm * 12°mm / 12 = 22896mm*
W =J/t/2=22896mm*/6mm = 3816mm?
Material is S275 abbiamo, so we have:
Mres = fy * W = 275N/mm? * 3816mm® = 1574100Nmm
Nres = f, * A = 275N/mm? * 1908mm? = 52470N
S1 check for axial force and bending is:

N , M _ 4185@N _ 2290Nmm
N_. M. 524700 1574100Nmm

res res

=0.081

Pl =

S2 check for axial force and bending is:

206

CSE: worked examples i validation (part C) www.steelchecks.com info@steelchecks.com



HC ST

N 4 M _ 7448N +128700(Nmm

expl = = =0.818
Plsa N M, 524700N 1574100Nmm
S2 check for shear is (S2 is the one with maximum shear):
expls,, = v 41856\ =0.138

Af, /33 1908mnt 275N /mnt/+/3

Maximum utilization factor is 0.818 for section S2, due to bending plus axial force.
CSE computes the same result, as we will see later.

In addition to previous check sections, CSE considers also the mean section of the
cleat along its extrusion axis, subjected only to the forces acting beyond that section (see
Figure C-35, right, check section is in black). Check section is subjected only to the forces
of the two upper bolts (displayed in red and yellow). Forces and moments in bolts shaft
must be in equilibrium (Figure C-36) so action must produce a null resultant (obviously
there is no torsion on the cleat). Since check settings neglect bending moment on bolt
shafts, the forces would produce a torsion in the net section, but this torsion is not present
in the component: for this reason, torsion check was not included in cleat check. Since
there is no shear, axial force or bending moment in considered check section, its utilization
factor is null, and previously computed value (0.818) results as maximum utilization for the
component.

Figure C-35
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Figure C-36

CSE computes the same value.

Throughs whose worst exploitation is due to simplified "beam" resistance checks

Inst Combi Name Sect N T2 T3 M1 M2 M3 Expl
1 1 L1 2 - 7.448e+001 -7.080e - 006 4.186e+004 1.209e -003 -1.287e+006 6. 546e- 004 0.818
1 1 L2 2 - 7.448e+001 1.613e - 005 4.186e+004 -1.064e - 003 -1.287e+006 6.58le  -004 0.818

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-37 Components utilization envelope
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C.6 BEARING SURFACE CHECK

C.6.1 No-tensio n parabola -rectangle constitutive law
C.6.1.1 Combined compression and bending moment

We prepared a model of a column base in order to check the bearing stresses on
concrete  block with no-tension parabola-rectangle constitutive law (model
Validation_Bearing_1.CSE).

The model is shown in following figure. Resistance check for bolts, welds, etc. see
part B of the document, where these aspects have been studied in detail. Here we will
consider the check of bearing surface, which is the area in compression between base
plate and concrete block.

A specific non-linear algorithm (derived from those utilised in non-linear computations
of reinforced concrete cross-sections) is used by CSE in order to find elastic neutral axis
position and the compressive stresses acting over the reactive part of the bearing surface,
as well as the tensile stresses in the tensile bolts.

Figure C-38 3D view of the joint

Bolt layout geometry and properties are shown in next image. Bearing surface is
equal to base plate footprint (600x600mm). Bearing surface check will be associated to the
constraint block.
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# Bolt layout input (=] E [
Biolts Arangement
M27-5450F & Regular " Circular
" Staggered 1 Free
Change W Empty inside 230.0 230.0
Fiegular, staggered or circular anangement al
Quantity Distances : O
3 <R B0 = Rows
z = I
= Cohmng =i Colurnrs o
]
Free anangement (=]
[=}
| | x
[ | Aoa ew | Ll 5 5
Center offsst Base information
=l 540 Het length
0 =l [F] 3= B
0 j Dy 40 Minimum thickness | - - o
= [=}
= i Multiplcity
B = e
~
I Shear orly bolts [ Fleibitty index . (=
(=]
¥ Compressed balts <
o
[~ Slip resistant Friction data.
I™ Is ananchor Anchar data. ST
¥ Use bearing surtace Bearing data... Bl
I Use bolt net-area for bearing caleulation ey ; ;
[~ Add inertia of bolts in bearing calculation 1 j Face -»bearing
™ Check black tear Block Tear. : Z00M PN
1o 1428571420
Limit values of elementary actions
1454112 N N j Fant size Print. | Capy ‘ Fill ‘ Hexagons |
1209236.71 N v Plastic
79433552016 Nmm Mz I Do ot print messages
Ok Cancel ‘ Set ‘

Figure C-39 Bolt layout data

NOTE WELL: here the whole plate footprint was assumed as bearing surface; in CSE it is also
possible to define bearing surfaces in a general way, for example adding a border to column footprint, with
border size depending on plate material, plate thickness and constraint block material, according to the
Standard. If there are stiffeners, their bordered footprint can be included too.

Bolts total area is considered in the check (not threaded area, this is a choice in
check settings) and single bolts own inertia is not considered in bolt layout total inertia
moment (this is another check setting). To cross-check CSE results, we will use the
software Lisa (see A.3).

The constitutive law defined in CSE for constraint block is shown in next image. It is a
no-tension parabola-rectangle constitutive law, defined by point (s;, e;) (stress,
deformation) and ultimate deformation e,. gy factor is defined equal to 1.6 because this
parameter is fixed in Lisa®© to that value, and we need the same input to compare results.
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Bearing component material data @
Unlimited elastic law with limit compressive stress Legenda
" Unlimited elastic analysis - Mo tension y: yield; u: ultimate;

T Es: bolt elastic modulus

m: homogeneization factor
15 15.625 sigma,max: maximum compression stress
E: modulus of elasticity
m sigma,max g material partial safety factor

Monlinear no-tension constitutive law

& Nonlinear analysis - Mo tension
-25 -0.002 -0.0035 1] 1] 1] 16
eu
E sy eu gammaM 1 sy " Elastic perfectly plastic
s1 el =] gammaM * Parabola-rectangle
eu g3
eu su e2 52 e3 53 gammaM €2 & Trii
e Trilinear
X 52

OK Cancel |

Figure C-40 Bearing surface constitutive law (units: N, mm)

Forces at column lower extreme: - compression = 3*10°N;

- bending about strong axis = 8*10'Nmm

The following figure shows bearing surface results computed by CSE.
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COMPUTING DATA:
Bolt layout:  B1 Instance = 1; Combination = 1; Non linesr bearing :  Parsbola rectangle - 4PNA = 18,17 mm  sPNA= 50.0° maxdist,C,PNA=318.17 mm
N=3.0002+005 N: Mu=0.000=+000 N mm: Mv=8.0002+4007 N mm;

Bearing exphitation=0.191 ; Sigma,max besring=2.983+000 N/ mm'2; Sigma,max bolts=3.300+001 N/ mm*2;

!

g=- 181 T--14 g--33.0

o= 282 o--24 ¢--330

O

G=-3.0

C.5.E. Copyright {C} - 2001-2012 - Castalia srl - Milan - www.castalizwsb. com

Figure C-41 Bearing surface check results

S¢ maximum compression stress in concrete block: -2.986N/mm?
S," maximum stress in bolts: +28.2N/mm?

Sy minimum stress in bolts: -33.0N/mm?

A computation with the same loads and geometry was done with Lisa©, through a
limit state computation according to DM2006, Sections Il and Il (Italian Standard). The
following listing reports computed results for maximum positive normal stress in bolts and
compression stress in concrete. The figure of defined geometry is given after the listing.

Programma LISA V er. 3.5 Copyright © Castalia s.r.l.
(http://www.castaliaweb.com)

Coordinate dei nodi della sezione:

X[em] Y [cm]
1* 30.00 30.00
2* -30.00 30.00
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3* - 30.00 - 30.00
4* 30.00 -30.00

Posizione ed area delle armature:

Xs[ecm] Ys[cm] As[cm?]

1* -23.00 -23.00 5.72
2* -23.00 0.00 5.72
3* -23.00 23.00 5.72
4* 0.00 -23.00 5.72
5* 23.00 -23.00 5.72

6* 23.00 0.00 5.72
* 0.00 23.00 5.72
8* 23.00 23.00 5.72

Caratteristiche meccaniche dei materiali:

Resistenza di calcolo del calcestruzzo....... = 15.625 [N/mm?]

Deformazione EPSILONCco del calcestruzzo......= 0.002000

Deformazione ultima del calcestruzzo......... = 0.003500

Resistenza di progetto a rottura dell'acciaio

ordinario (ftk/Gammas)............ccccue..... = 37391 [N/mm?

Resistenza di p rogetto allo snervamento dello

acciaio ordinario (fyk/Gammas)............... = 37391 [N/mm?

Modulo di Young dell'acciaio ordinario....... = 200000.00 [N/mm?]
Deformazione ultima di calcolo............... = 0.010000

Deformazione caratteristi ca ultima........... = 0.120000

Condizione di carico N° 1:

Azioni interne:

Nz=  300.00 [kN] (positiva di compressione)

Mx= 0.00 [kNm] (positivo se comprime le fibre per x>0)
My= 80.00 [KNm] (positivo se comprime le fibre per y>0)

Posizione dell'asse neutro: Xn = infinito

Yn = -1.51 [cm]

beta= 0.000 [rad]
Deformazione massima nel calcestruzzo........ = 0.000204
Tensione massima nel calcestr uzzo............ = 3.024 [N/mm?]
Deformazione minima nell'armatura ordinaria..= - 0.000139
Tensione minima nell'armatura ordinaria......= -27.82 [N/mm?]

La misura della sicurezza é positiva.

Nota: Si assumono positive le tensioni e le deformazioni di compres
sione. Pertanto, con la dicitura ‘Tensione minima nell'armatu
ra ordinaria' si intende la tensione dell'armatura piu’ solle
citata a trazione.
Xn = intersezione dell'asse neutro con l'asse X;
Yn =intersezione dell'asse neutro con l'asse y;
beta= inclinazione dell'asse neutro rispetto all'asse x(angolo
acuto, misurato dall'asse x all'asse neutro, positivo se
antiorario).
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Figure C-42 The section defined in Lisa©

Results are slightly different from CSE to Lisa©, because the second program uses a
Youngds modulus for the? (astshoenlin peegiaus listingd &Hled 0 0 N/
CSE uses 210000N/mm?. This difference produces different forces distribution between
steel and concrete. We will see shortly the case with no-tension linear elastic law, where E
modulus is not used and the results of the two programs are equal.

[N/mm?] CSE Lisa % diff

Steel Youngdg 210000 | 200000 -5.0%

Smax cOncrete 2.986 3.024 1.3%

Smax Steel 28.2 27.82 -1.4%
% diff is the percentage difference between the values of CSE and Lisa: Xusa~ Xcses 1

XLisa\

C.6.1.2 Combined compression and two bending moments

In a copy of the previous model (Validation_Bearing_2.CSE) we add also a bending

moment about column weak axis, equal to 10’Nmm. CSE results are given in following
figure.
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COMPUTING DATA:
Bolt layout:  B1 Instance = 1; Combination = 1; Men linear bearing :  Parsboia rectangle - 4PNA = 17.0217 mm aPNA= 82.7° maxdist,C,PNA=152734 mm
N=3.0002+005 N; Mu=1.000=+007 N mm; Mv=8.0002+4007 N mm;

Bearing expoitation=0.213 ; Sigma,max bearing=3.325+000 N/ mm'Z; Sigma,max bolts=1.852+001 N/ mm*2;

!

o= 32.3 o= 1.6 o =-29.0

T= 245 o=—52 T =-369

C.S.E. Copynight {C) - 2001-2012 - Castalia sri - Milan - www.castalizweb.com

Figure C-43 Bearing surface check results

5S¢ maximum compression stress in concrete block: 3.326N/mm?

S," maximum stress in bolts: 32.33N/mm?

The following listing gives Lisa®© results (see previous paragraph for more explanations).

Programma LISA  Ver. 3.5 Copyright © Castalia s.r.I.
(http://www.cas taliaweb.com)

Validazione CSE

Coordinate dei nodi della sezione:

X[em] Y [cm]
1* 30.00 30.00

2 -30.00 30.00
3* -30.00 -30.00
4* 30.00 -30.00

Posizione ed area delle armature:

Xs[em] Ys[cm] As[cm?]
1* - 23.00 -23.00 5.72
2% -23.00 000 5.72
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3* -23.00 23.00 5.72
4* 0.00 -23.00 5.72
(&5 23.00 -23.00 5.72

6* 23.00 0.00 5.72
™ 0.00 23.00 5.72
8* 23.00 23.00 5.72

Caratteristiche meccaniche dei materiali:

Resistenza di calcolo del calcestruzzo....... = 15.625 [N/mm?
Deformazione EPSILONCco del calcestruzzo......= 0.002000

Defo rmazione ultima del calcestruzzo......... = 0.003500

Resistenza di progetto a rottura dell'acciaio

ordinario (ftkkGammas)...........cccccueene = 37391 [N/mm?

Resistenza di progetto allo snervamento dello

acciaio ordinario (fyk/Gammas)....... ... = 373.91 [N/mm?]
Modulo di Young dell'acciaio ordinario....... = 200000.00 [N/mm?2]
Deformazione ultima di calcolo............... = 0.010000

Deformazione caratteristica ultima........... = 0.120000

Condizione di carico N° 1:

Azioni interne:

Nz=  300.00 [kN] (positiva di compressione)

Mx= 10.00 [kNm] (positivo se comprime le fibre per x>0)
My= 80.00 [kNm] (positivo se comprime le fibre per y>0)

Posizione dell'asse neutro: Xn = -11.00 [cm]
Yn = -1.41 [cm]
beta= - 0.127 [rad]
Deformazione massima nel calcestruzzo........ = 0.000229
Tensione massima nel calcestruzzo.... 3.374 [N/mm?]
Deformazione minima ne I'armatura ordinaria..= - 0.000159
Tensione minima nell'armatura ordinaria......= -31.89 [N/mm?

La misura della sicurezza & positiva.

Nota: Si assumono positive le tensioni e le deformazioni di compres

sione. Pertanto, con la dicit ura 'Tensione minima nell'armatu

ra ordinaria’ si intende la tensione dell'armatura piu' solle

citata a trazione.

Xn = intersezione dell'asse neutro con l'asse X;

Yn = intersezione dell'asse neutro con l'asse y;

beta= inclinazione dell'asse neutro rispetto all'asse x(angolo
acuto, misurato dall'asse x all'asse neutro, positivo se
antiorario).

As for the previous case, there are slightly different results due to the difference in
Y o un g 6 sus @b0E00N/mm? for CSE, 200000N/mm? for Lisa).

[N/mm?] CSE Lisa % diff
Steel Youngdg 210000 | 200000 -5.0%
Smax CONcrete 3.326 3.374 1.4%

Smax Steel 32.3 31.89 -1.3%

% diff is the percentage difference between the values of CSE and Lisa: Xusa~ Xcses 109
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C.6.2 No-tension linear elastic constitutive law

In the following cases, we will use a different constitutive law for the constraint block;
a no-tension linear elastic constitutive law with a maximum compression limit.

Bearing compaonent material data [éJ

Unlimited elastic law with limit compressive stress Legenda

y: yield; u: ultimate;

% Unlimited elastic analysis - Mo tension L
— Es: bolt elastic modulus
m: homogeneization factor
15 15.625 sigma,max: maximum compression stress
) : E: modulus of elastidty
m sigma, max gammaM: material partial safety factor
Monlinear no-tension constitutive law
" Nonlinear analysis - No tension
-25 -0.002 -0.0035 1] a] 1] 1.6

E sy eu gammaM " Elastic perfectly plastic

s1 el eu gammaM J (¢ Parabola-rectangle

eu su a2 52 e3 53 ammal
2 " Trilinear

Cancel |

Figure C-44 Bearing surface constitutive law (units: N, mm)

Concrete elastic modulus is defined dividing bolts modulus (steel) by a
homogenization factor m. With the defined value (m=15) concrete modulus is 1/15 of steel
modulus. Limit compression in concrete is defined as 15.625N/mm?.

C.6.2.1 Combined compression and bending moment

The model used here (Validation_Bearing_3.CSE) is a copy of the one used for
combined compression and bending with no-tension parabola rectangle law
(Validation_Bearing_1.CSE, compression 3*10°N and bending moment about column
strong axis 8*10’'Nmm). In current model the constitutive law was modified, according to
Figure C-44, to define a no-tension linear elastic constitutive law. CSE results are shown in
next figure.
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COMPUTING DATA:

Bolt layout:  B1 Instance = 1; Combination = 1; Linear elastic bearing (no tension) - dPNA = 22 4857 mm aPNA=  20.0° maxdist,C,PNA=122 48 mm
N=-2.0002+005 N; Muw=0.0002+000 N mm; Mv=E.0002+007 N mm;

Bearing exploitation= 0.188 ; Sigma, max bearing=2.9552+000 N/ mm*2; Sigma,max boits=3.470+001 N/ mm"2;

g- 105 e=-3.1 T =-34.7

&

o= 2.5 G=-3.1 o =-34.7

g--20

C.S.E. Copynight {C) - 2001-2012 - Castalia sri - Milan - www.castalizweb.com

Figure C-45 Bearing surface check results

5S¢ maximum compression stress in concrete block: 2.955N/mm?

S," maximum stress in bolts: 28.5N/mm?

The following listing prints Lisa© results, computed through an analysis in cracked
condition.

Programma LISA  Ver. 3.5 Copyright © Castalia s.r.I.
(http://www.castaliaweb.com)

Validazione CSE

Coordinate dei nodi della sezione:

X[c m] Y[cm]
1* 30.00 30.00

2 -30.00 30.00
3* -30.00 -30.00
4* 30.00 -30.00

Posizione ed area delle armature:

Xs[ecm] Ys[cm] As[cm?]
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1* -23.00 -23.00 5.72
2* -23.00 0.00 5.72
3* -23.00 23.00 5.72

4* 0.00 -23.00 5.72
(&5 23.00 -23.00 5.72
6* 23.00 0.00 5.72

™ 0.00 23.00 5.72

8* 23.00 23.00 5.72

Caratt eristiche meccaniche dei materiali:

Coefficiente di omogeneizzazione n .......... =

Condizione di carico N° 1:

Azioni interne:

Nz=  300.00 [kN] (positiva di compressione)

Mx= 0.00 [KNm] (positivo se comprime le fibre per x>0)
M= 80.00 [kNm] (positivo se comprime le fibre per y>0)

Posizione dell'asse neutro: Xn = infinito
Yn = -2.25 [cm]
beta= 0.000 [rad]

Tensione massima nel calcestruzz Ouvveenriens = 2.954 [N/mm?]

Tensione minima nell'armatura ordinaria......= -28.51 [N/mm?]

Nota: Si assumono positive le tensioni e le deformazioni di compres
sione. Pertanto, con la dicitura ‘Tensione minima nell'armatu
r a ordinaria’ si intende la tensione dell'armatura piu' solle
citata a trazione.
Xn = intersezione dell'asse neutro con l'asse x;
Yn = intersezione dell'asse neutro con l'asse y;
beta= inclinazione dell'asse neutro rispetto al
acuto, misurato dall'asse x all'asse neutro, positivo se
antiorario).

I'asse x(angolo

The results of the two programs are the same:

[N/mm?] CSE Lisa % diff
Smax CONcrete 2.955 2.954 -0.03%
Smax Steel 28.5 28.51 -0.04%
% diff is the percentage difference between the values of CSE and Lisa: Xusa~ Xcses

XLisa\

C.6.2.2 Combined compression and two bending moments

The model used (Validation_Bearing_4.CSE) is similar to the one used previously for
combined compression and two bendings with no-tension parabola-rectangle law
(Validation_Bearing_2.CSE). In current model the constitutive law was modified, according
to Figure C-44, to define a no-tension linear elastic constitutive law. CSE results are shown
in next figure.
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COMPUTING DATA:

Bolt layout:  B1 Instan 1; Combination = 1; Linear elastic bearing (no tension) - dPNA = 21.3312 mm  aPNA= 82.7° maxdist,C,PNA=356.937 mm
N=2.000=+005 N; M 0002+007 N mm; Mv=E.000=+007 N mm;

Bearing exploitation= 0.212 ; Sigma, max bearing=-3.2082+000 N/ mm*2; Sigma,max boits=3.873+001 N/ mm"2;

1

- 322 - 1.1 c-—30.6

G= 247 G =-T.0 G=-38.7

g=-33

C.S.E. Copynight {C) - 2001-2012 - Castalia sri - Milan - www.castalizweb.com

Figure C-46 Bearing surface check results

5S¢ maximum compression stress in concrete block: 3.308N/mm?

Sp" maximum stress in bolts: 32.8N/mm?

The following listing prints Lisa®© results, computed through an analysis in cracked
condition.

Programma LISA  Ver. 3.5 Copyright © Castalia s.r.l.
(http://www.castaliaweb.com)

Validazione CSE

Coordinate dei nodi della sezione:

X[em] Y [cm]
1* 30.00 30.00

2 -30.00 30.00
3* -30.00 -30.00
4* 30.00 -30.00

Posizione ed area delle armature:

Xs[ecm] Ys[cm] As[cm?]

220

CSE: worked examples i validation (part C) www.steelchecks.com info@steelchecks.com



HC ST

1* -23.00 -23.00 5.72

2* -23.00 0.00 5.72

3* -23.00 23.00 5.72

4* 0.00 -23.00 5.72

(&5 23.00 -23.00 5.72

6* 23.00 0.00 5.72
™ 0.00 23.00 5.72
8* 23.00 23.00 5.72

Caratteristiche meccaniche dei materiali:

Coefficiente di omogeneizzazione n .......... = 15.00

Condizione di carico N° 1:

Azioni interne:

Nz=  300.00 [kN] (positiva di compressione)

Mx= 10.00 [kNm] (positivo se comprime le fibre per x>0)
My= 80.00 [kNm] (positivo se comprime le fibre per y>0)

Posizione dell'asse neutro: Xn = -16.83 [cm]
Yn = -2.15 [cm]
beta= - 0.127 [rad]

Tensione massima nel calcestruzzo............ 3.308 [N/mm?]
Tensione minima nell'armatura ordinaria...... -32.80 [N/mm?]

Nota: Siass umono positive le tensioni e le deformazioni di compres

sione. Pertanto, con la dicitura ‘Tensione minima nell'armatu

ra ordinaria’ si intende la tensione dell'armatura piu' solle

citata a trazione.

Xn =intersezione dell'as se neutro con l'asse X;

Yn = intersezione dell'asse neutro con l'asse y;

beta= inclinazione dell'asse neutro rispetto all'asse x(angolo
acuto, misurato dall'asse x all'asse neutro, positivo se
antiorario).

The results of the two programs are the same:

[N/mm?] CSE Lisa diff %
Smax CONCrete 3.308 3.308 0.00%
Smax Steel 32.8 32.8 -0.00%

% diff is the percentage difference between the values of CSE and Lisa: Xusa~ Xcses

C7USEROGS CHECKS

C.7.1 Introduction

Users can add conditions to CSE models. These condition can be preconditions or
additional checks; they are inequalities that are automatically checked by the program.

Preconditions are checked before all the other automatic checks, they can be

geometrical checks or other controls that user wants to test.
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Additional checks are associated to a component (member, cleat or joiner) and are
computed by CSE in each load combination and jnode instance, giving an utilization factor
which is compared to those due to other checks, to find the maximum one. User can define
formulae to add new check criteria parallel to other automatic checks (cross-check) or
additional checks to test some particular conditions, maybe not covered by the Standards.
Internal forces in members or joiners can be used to define additional checks.

C.7.2 Preconditions

Consider a single sided beam to beam (Validation_User_1.CSE) similar to the one
used in B.4.1. In current model we add a precondition, and enable user checks in check
settings. This precondition will control if supported beam total height is less than supporting
beam web net height (Figure C-48). Note well: CSE has an automatic check for
overlapping between components, so this additional control is defined only to check CSE
computation.

Figur e C-47 3D view of the joint
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Figure C-48 Supported beam total height and supporting beam web net height

Following figure shows the precondition m2.h < m1.hl1 added in CSE (m2.h is
supported beam total height, m1.h1 is supporting beam web net height).

r Y
Addition of a condition SRECIC X
First member condition Second member
[mz.h | |< ~| [mth1
Condition kind

| Precondition ﬂ | Supported beam < Supporting beam web Condition description
| Supported beam total height 1st member meaning
| Supporting beam web height 2nd member meaning

m2 Component to which the condition refers
. . . 5 - = i A
Components in the renode Variables in the renode
- ® Master al.pi - Pigreek -

glL - Modelled member length

al.gM0 - Partial safety factor gamma, M0
gl.gM1 - Partial safety factor gamma,M1
gl.gM2 - Partial safety factor gamma, M2
gl.gM3 - Partial safety factor gamma,M3 ASIN | ACOS| ATANM DEG RAD
gl.gM4 - Partial safety factor gamma, M4
al.gM5 - Partial safety factor gamma, M5

gl.E - Steel Young's modulus (according to EC:
gl.nu - Steel Poisson's coefficient (according tc
al.G - Steel tangential modulus (according to E
gl.P - Theoretical node-point

gl.am1.m2 - Angle between member 2 and me MIN max | celL FLOrR | ABS
gl.adm1.m2 - Angle between member 2 and m
m1l.dir - Member direction {1 enters, -1 exits, |
mle - Offset from fem node in local coordinat
m1.l - Original renode member length VMIS | CHIA | CHIB CHIC | CHID
m1l.ell - Elongation (+) / shortening (-

m1l.el2 - Elongation (+) / shortening (-)

ml.fy - Yield stress

mLft - Ultmate stress S

QK | Cancel CLEAR WVEL | WWVPL| WTEL| WTPL

SIN Cos TAN

m
—

SQRT | CBRT | SQRE CUBE HYP

GETX | GETY | GETZ WFEL | WFPL

Figure C-49 Dialog box for precondition definition

It is easy in this case to hand compute the precondition, according to these sizes.
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Supported beam (m2): IPE 270 total height: hy,, = 270mm

Supporting beam (m1): IPE 360 total height: hyy, = 360mm
flange thickness: t;m; = 12.7mm
radius: rp; = 18mm
web net height: hy mi=hmiT 2tim1 1 2rm =298.6mm

Supported beam total height (270mm) is less than supporting beam web net height
(298.6mm). Precondition is checked, with a ratio equal to 270/298.6=0.9.

If a precondition is not checked (ratio >1), the analysis of the joint stops and CSE
asks the user if analysis must be continued or interrupted. In this case precondition is
checked and the analysis ends normally. Precondition computation is printed in output
listing, at the beginning of automatic checks section.

- 1--- Precondition of component (if null general precondition) m2

m2.h < mi.hl
Supported beam total height < Supporting beam web height
Supported beam < Supporting beam web

Beginning of automatic checks

Users's preconditions check

Check Description vL VR Expl
1 Supported beam < Suppo  rting beam web 2.700e+002 2.986e+002 0.904
C73 User 0s additional <checks

In Validation_User_2.CSE some modifications were made to the model used in C.5
for cleats check: bolt bearing check and cleats simplified check are not included in checks

settings, while useré6és checks are enabl ed.
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Figure C-50 3D view of the model

The additional condition we are going to define is a simplified check for cleat net
section resistance under axial force (we will not consider bending moment of transports in
this simplified check). Considered net section is shown in Figure C-51.

Figure C-51 Net section (in black)

The simplified check we are going to add is:
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N
Ahetdy

<1

Axial force in net section must be less than net sections resistance to axial force

(assuming a safety factor equal to 1). Net area is equal to total are less bolt holes area.
Anet = (L1.LT B1l.n*Bl.dh) *Bl.a

where Bl.n = 3 is the number of bolts in B1 bolt layout, B1.dh = 18mm is hole
diameter for M16 bolts, L1.L = 159mm is cleat length and L1.a = 12mm is cleat thickness.
We get:

Anet = (159mm i 3 * 18mm) * 12mm = 1260mm?

L1.L B1.dh

L1.a

Figure C-52

Net section resistance to axial force is:
Anet * f, = 1260mm? * 275N/mm? = 346500N

Since there are two symmetrical angle cleats, axial force in considered net section is
equal to half of axial force in slave member (m2).

N =Npn2/2=83712N /2 = 41856N
Utilization factor is equal to:

N _ 41856\
A, 346500

=0.121
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We add the following condition in CSE:

m2.N / 2 < Nmax.L1lnet

where m2.N is the axial force in m2 in each combination and instance (here we have just 1
combination and 1 instance), Nmax.L1net, is an additional variable defined as follow:

Nmax.L1net = (L1.L - Bln*Bldh)*Ll.a*L1lfy

It is net section resistance to axial force (parameters have been previously explained).

NOTE WELL: the additional variable was used in order to check also this feature of the
program, but the condition could be also added without the additional variable, defining
directly the whole formula: m2.N/2<(L1.L - Bln*Bl.dh)*Lla*L1l.fy

The following figures show CSE dialog boxes used to add the variable and the
condition, to define the desired check. Condition is associated to component L1: computed
utilization factor will be associated to this cleat.

r |
B ' Addition of a variable Iéj

Variable name Formula defining the variable

Nmax.L1inet = | (L1l -Bln *Bldh ) *Lla = L1fy

Dimensionality

Force = | Resistance to tension of deat L1 net section Variable description
Companents in the renode Variables in the renode N - . / .
[+~ & Master gl.pi - Pigreek ~ | SR [ ) | S [ B

gl.L - Modelled member length

gl.gM0 - Partial safety factor gamma, MO
gl.gM1 - Partial safety factor gamma,M1
gl.gM2 - Partial safety factor gamma, M2
dl.gM3 - Partial safety factor gamma,M3
gl.gM4 - Partial safety factor gamma, M4 ASIN | ACOS| ATAN DEG RAD
gl.gM5 - Partial safety factor gamma,M5

gl.E - Steel Young's modulus (according to EC:2
gl.nu - Steel Poisson's coefficient (according t
gl.G - Steel tangential modulus (according to E
gl.P - Theoretical node-point

gl.am1.m2 - Angle between member 2 and me
gl.adml.m2 - Angle between member 2 and m MIM MAxX CELL FLOR ABS

m
—_

SIN Cos TAN

SQRT | CBRT| SQRE CUBE HYP

m1l.dir - Member direction (1 enters, -1 exits, |
mle - Offset from fem node in local coordinat
m1.l - Original renode member length

mil.ell - Elongation {+) / shortening {-) VMIS | CHIA | CHIB CHIC | CHID
m1.el2 - Elongation (+) / shortening (-)
m1l.fy - Yield stress

m.ft - Ultimate stress GETX | GETY | GETZ| WFEL| WFPL
m1.fdl - Design stress 1
m1.fd2 - Design stress 2
mlA - Area

m1.]2 - Second area moment axis 2 i WVEL | WVPL | WTEL WTPL
e

CLEAR
Ok Cancel

Figure C-53 Additional variable
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Addition of a condition = | ] |
First member condition Second member
[ man/2 | | < j | Nmax.Linet |
i

| Check j ‘ Tension chedk of deat L1 net section Condition description

|.-'-\xia| force in member 2 1st member meaning

| Cleat L1 design resistance for tension 2nd member meaning

L1 Component to which the condition refers
i izbles in the renod F - ! -
Components in the renode Variables in the renode
[~ @ Master gl.pi - Pigreek -
gl.L - Modelled member length = 4 ) SIN cos TAN

al.gM0 - Partial safety factor gamma,M0
gl.gM1 - Partial safety factor gamma,M1 R
gl.gM2 - Partial safety factor gamma, M2
al.gM3 - Partial safety factor gamma,M3 ASIN | ACOS| ATAM DEG RAD
gl.gM4 - Partial safety factor gamma,M4

gl.gM5 - Partial safety factor gamma, M5

gl.E - Steel Young's medulus (according to ECZ

gl.nu - Steel Poisson's coefficient (according t SQRT| CBRT| SQRE CUBE HYP

al.G - Steel tangential modulus (according to E
gl.P - Theoretical node-point

gl.am1.m2 - Angle between member 2 and me MIN MAX cElL | FLOR| aBs
gl.admi.m2 - Angle between member 2 and m
mi.dir - Member direction (1 enters, -1 exits, |
mle - Offset from fem node in local coordinat
m1.l - Original renode member length WMIS | CHIA | CHIB | CHIC | CHID
ml.ell - Elongation {+) / shortening {-)

ml.el2 - Elongation (+) / shortening (-)

mify - Yield stress

ml.ft - Ultimate stress S

OK | Cancel CLEAR WVEL | WVPL [ WTEL WTPL

GETX | GETY | GETZ WFEL | WFPL

Figure C-54 Additional check condition

CSE result is the same of our hand computation.

Throughs whose wors  t exploitation is due to user's checks
Inst Combi Name Check Description vL VR Expl
1 1 L1 1 Tensioncheck ofcleatL1l net section 4.186e+004 3.465e+005 0.121

C.8 BOLT LAYOUTS FLEXIBILITY INDEX

C.8.1 Introduction

The translational stiffness of a bolt layout without bearing surface depends on bolts
number (n), bolts radius (r) and bolts net length (1), with the following relationships:

{ translational stiffness is proportional to: n and r*
fand it is inversely proportional to I®

In CSE it is possible to increase or reduce the translational stiffness of a bolt layout
through the flexibility index (f). In addition to previous relationships, the translational
stiffness is also
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{ inversely proportional to f3

In part B of this document, all the tests were made with f=1. Now we are going to see
what happens when flexibility index is modified.

Flexibility index can be used to drive forces distribution in different bolt layouts.
Consider, for example, a bolted cover plate splice joint between two H sections, with shear
only bolt layouts: to model bolt bearing on the web and subsequent increment of the force
carried by bolts on the flanges, it is possible to define f>1 for web bolt layouts, to reduce
their translational stiffness.

C.8.2 Axial force

Consider the bolted cover plate splice joint in tension used in B.2.1.4 (model
Validation_SP_1 3.CSE).

As computed in B.2.1.4, distribution of applied axial force in web and flanges bolt
layout is not proportional to web and flanges area, because force distribution depends also
on bolt layouts stiffness.

Applied force is 4.204*10°N; HEB300 total area is A=14908mm?; flanges area is
A=2bt;=2*300mm*19mm=11400mm?. If we assume the force on flanges as proportional to
Af/A ratio, we get the following force acting on flanges bolt layouts:

A . . .
N, =N — =4.20400°N 1400mnt =3.215Q0°N
A 14908nnt

As seen in B.2.1.4, total force carried by the two bolt layouts on member flange is
equal to 2*1.082*10°N=2.164*10°N, in CSE computation (see mentioned paragraph for
more explanations). This value is less than the one computed according to A¢/A ratio. If we
want to drive forces distribution to be proportional to areas (assuming bolt bearing on the
web) we can modify the flexibility index of web bolt layouts (see Figure C-55).
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7 Bolt layout input (= [ E ]
Balts Arangement
hd15-10.9F * Regular " Circular
(" Staggered  Free
Change ™ Empty inside
Regular, staggered ar circular arrangement
Quantity Distances
3 ﬂ Rows 51 ﬂ Riows
=] =] LAY
2 = Calumns 49 =l Columns A
.
Free arangement ©
| | | 2 O o
ey
Balt v o 0 o
(2]
Center offset Base information =y
)] =y o
5 =] 35 et length —_—
= g ora 5— =
0 = D bl Minimum thickness | - | - E
= Y =]
| |2 Multiplicity
] = Angle J
W Shear only bolts 24 Flesibility index
[ Compressed bolts
™ Slip resistant Friction data
I™ Is an anchar Anchor data.
™ Use bearing surface Bealing data... PANY
™ Use bolt net-area far bearing calculation ; ; ; ;
[ Add inettia of bolts in bearing calculation T ‘ 1 ﬂ Face ->bearing ‘ ‘
I Check block tear Block Tear Z00M PaM
1. 2
Limnit values of elementary actions
623440 N N ﬂ Fort size Print ‘ Copy ‘ Fill | Hexagons
T4E6741. 46 N W Plastic
E0470893.14 Nmm Mz [ Do ot print messages
Ok I Cancel | Set |

Figure C-55 Bolt layout data: flexib

ility index highlighted

Copies of the original model were made, with different flesibility index values for web

bolt layouts (fy).

fu=1A 17A 24A 5A 10A 20

Flexibility index for flanges bolt layouts is fixed (f=1). When f, increases,
translational stiffness of web bolt layouts reduces, and load carried by bolt layouts
increases, as shown in following table.

AT No¢ Ny Model name

1 2.164E+06 |2.040E+06 Validation SP_1 3.CSE
1.7 |2.658E+06 |1.546E+06 |Validation_SP_1 3 002.CSE
2.4 |3.207E+06 [9.967 E+05 |Validation_SP_1_ 3 003.CSE
5 |4.021E+06 |1.834E+05 |Validation SP_1_3 004.CSE
10 |4.179E+06 |2.471E+04 |Validation SP_1 3 005.CSE
20 |4.201E+06 |3.119E+03 [Validation SP_1 3 006.CSE

Table C-1

Ny is load carried by flanges bolt layouts (two layouts), N, is the load carried by web
bolt layout). These are the values computed by CSE and depend on flexibility index of bolt
layouts. In following graphic, N2 and N,, values according to different f,, values are shown.
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N/A*As and N/A*A,, would be the force carried by flanges and web bolt layouts if distribution
was proportional to As and A, areas. Nx+N,=N is applied force.

4,0E+08 A

- - = — MWATAT

- === NATAW

— 2 4E+08
=
. N
1,.8E+08 —a— M
MZf +MNwy

8.0E+05 1

OB T ———e e
1 2 2 4 5 & 7 & 8 10 11 12 12 14 15 18 17 18 18 20
fur i ff
Graphic C-1

If flexibility index of web bolt layouts is f,=2.4, forces distribution on flanges and web
bolt layouts is proportional to flanges and web area (f=1 for flanges bolt layouts, because it
is fu/f; ratio to drive forces distribution).

If f,=10 (or more than 10, always with f=1), quite the whole force is carried by flanges
bolt layouts, since web bolt layout translational stiffness is too small.

In the initial condition (f,=1) members utilization is very high (>>1); the cause is bolt
bearing due to web bolt layout (see components utilization envelope in Figure C-56).
Following figures show components utilization envelope with f,=1, 1.7, 2.4, 5, 10 and 20:
members utilization start decreasing, because when f,, increases bolt bearing on web
becomes smaller. Minimum exploitation is for f,=5. After that value, member utilization
start to increase, because bolt bearing due to flanges bolts layout becomes relevant, and it
increases when translational stiffness of web bolt layouts decreases.

With f,=10 and f,=20 the exploitation is quite the same, because the load is carried
by flanges only, and bolt bearing due to flanges bolt layouts is the most critical one.
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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-56 Components utilization with f =1

Members whose maximum exploitation is due to bearing stresses
Inst Combi Name Boltlay Bolt Extr. Sigma Sigma M Expl
1 1 m B5 3 2 1.717e+003 4.443e+002 3.865 !!!

1 1 m2 B6 3 2 1.717e+003 4.443e+002 3.865!!!

B5 is web bolt layout.

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-57 Components utilization with f ,=1.7

Members whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma Sigma M Expl

1 1 ml B5 3 2 1.302e+003 4.443e+002 2.929 M

1 1 m2 B6 3 2 1.302e+003 4.443e+002 2.929 1!
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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20

1.40

Figure C-58 Components utilization with f

Members whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma Sigma M Expl

1 1 ml B5 3 2 8.389e+002 4.443e+002 1.888

w=2.4

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20

1.40

Figure C-59 Components utilization with f

Members whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma Sigma M  Expl

1 1 ml B2 4 2 4.199e+002 4.200e+002 1.000
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Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-60 Components utilization with f =10

Members whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma SigmaM  Expl

1 1 ml B2 4 2 4.364e+002 4.200e+002 1.039 *

R ] L

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-61 Components utilization with f ,=20

Members whose maximum exploitation is due to bearing stresses

Inst Combi Name Boltlay Bolt Extr. Sigma SigmaM  Expl

1 1 ml B2 3 2 4.387e+002 4.200e+002 1.045 *
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A proper setting of bolt layouts flexibility index can provided the desired condition
among different possible conditions; all these possible conditions guarantee
equilibrium . User can set proper flexibility indexes to model the reduction of stiffness for
some parts of the joint, driving forces to be carried by other parts.

C.8.3 Bending

A copy of the model used in paragraph B.2.1.2 was made (model
Validation_SP_1 1 Flexind_2.4.CSE). The splice joint is subjected to bending moment,
and its geometry is the same of previous paragraph models. In current model, web bolt
layouts flexibility index is set equal to 2.4, to see how CSE computes forces distribution for
bending moment. The flexibility index assumed is the one providing an applied axial force
distribution proportional to flanges and web area (see previous paragraph).

In the original model (see B.2.1.2) flanges bolt layout carried the 88% of applied load.
A simplified computation of elastic moment distribution between flanges and web would
give a 95.6% (see B.2.1.2). With flexibility index f,=2.4 for web bolt layout, we have the
following load carried by flanges bolt layout:

20.6585Q0° N 62] =20A.6585Q0°N &SO =4.976Q0° Nmimr

where 1.6585*10°N is the shear carried by flange bolt layout, in CSE computation:

Forces acting over bolt layouts at different extremes, global system

Id Inst Combi Ext Fx Fy Fz Mx My Mz
B3 1 1 1 1.0687e -006 -1.6585e+006  2.1023e -006 -1.5176e+007 -8.9636e - 006 -2.1371e - 004
B3 1 1 2 -1.0687e - 006 1.6585e+006 -2.1023e -006 -1.7166e+007 -1.1876e-005 2.1371le -004
Bl 1 1 1 1.0687e - 006 1.6585e+006 -2.1023e - 006 1.5176e+007 -8.9634e - 006 -2.1371e -004
Bl 1 1 2 -1.0687e -006 -1.6585e+006 2.1023e  -006 1.7166e+007 -1.1876e - 005 2.1371e -004
B2 1 1 1 -1.06 87e- 006 1.6585e+006 1.8720e -006 1.5176e+007 8.9634e -006 -2.1371e - 004
B2 1 1 2 1.0687e -006 -1.6585e+006 -1.8720e -006 1.7166e+007 1.1876e -005 2.1371e -004
B4 1 1 1 -1.0687e - 006 -1.6585e+006 -1.8720e - 006 -1.5176e+007 8.96  34e-006 - 2.1371e - 004
B4 1 1 2 1.0687e - 006 1.6585e+006 1.8720e -006 -1.7166e+007 1.1876e -005 2.1371e -004
B5 1 1 1 -4.5109e -006 -4.471le - 004 3.5405e -020 -2.5914e -003 2.5937e -005 1.3357e+007
B5 1 1 2 9.0217 e-006 9.5804e -004 2.1018e -019 3.8112e -004 9.4483e -016 - 2.6713e+007
B5 1 1 3 -4.5109e -006 -5.1093e -004 -2.4559e -019 2.9443e -003 -2.5937e -005 1.3357e+007
B6 1 1 1 -4.5109e -006 5.1315e -004 -2.4524e -019 2.9443e -003 2.5937 e-005 1.3357e+007
B6 1 1 2 9.0217e -006 -9.6743e -004 2.0985e -019 3.240le -004 9.3996e -016 -2.6713e+007
B6 1 1 3 -4.5109e -006 4.5429e -004 3.5387e -020 -2.5914e -003 -2.5937e -005 1.3357e+007

This distribution assigns to flanges bolt layouts the 94.4% of applied load; this
distribution is close to the 95.6% computed considering distribution in cross section
according to an elastic range (which is one of the possible ways to compute distribution).
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Note well: in hand computations, there is not a single method to evaluate forces
distribution in different bolt layouts. Flexibility index provides in CSE the possibility to drive
forces distribution in order to get desired configuration. Assumptions must be coherent with
the model: for example, we cannot assume that flanges bolt layout carrie the 90% of the
load if we have only 2 bolts on the flanges and 20 bolts on the web.

“. JaB!

Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Figure C-62 Components utilization factor

C.9 BLOCK TEAR CHECKS

Now we are going to study block tear on supported beam in a single sided beam to
beam joint (model Validation BlockTear 1.CSE). Supported beam cross-section is
IPE200, material is S235. Supported beam is double notched. Tension in supported
member 133856N (see Figure C-65). There is no other applied force.
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Figure C-63 3D view of the model

Figure C-64 Double notched supported beam
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Fx=133856N

Figure C-65 Force exchanged between bolt layout and supported member

Tension in supported beam is equally distributed on the 3 bolts of the layout.

—

G—> /3

—

Figure C-66 Forces transferred by single bolts

Possible failure paths for block tearing are shown in Figure C-68; in addition to paths
2, 4 and 5 there are corresponding symmetrical paths, but it is not needed to compute
twice the same conditions.

We will compute the design resistance of each path (Ve 1,rg) and we will compare it
to applied force (F,), finding the failure path with the higher F./Ves 1 rq ratio. Design block
tearing resistance according to EN1993-1-8:2005 is:

Veff,l,Rd = fu Clﬁht/gMZ +(]‘/\/§)dyA1v/gM0

Failure path 1 is subjected only normal stresses, since the path is exactly normal to
applied force; all the other paths are subjected to both normal stresses and shear stresses,
since paths have parts normal to applied force and parts parallel to applied force. Limit
stresses on these surfaces are, according to the previous formula:
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Sl—f“' [|: yi

V3 Guo

Since the Eurocode 3 formula does not cover the condition of inclined forces (not
normal or parallel to a surface), the following general formula has been implemented in
CSE in order to consider also the limit stresses on inclined surfaces:

S Gl

S =
q .
Js2coa+tsina

where a is the angle shown in following figure; for a=0° we get Seq=*;, for a=90° it is Seq=5i
(that is, if force is normal or parallel to considered failure path, it gives the same value of
Eurocode formula).

Figure C-67

In other words, CSE can check forces in any direction , and the case under study is
just one of the possible general cases for CSE . If paths are subjected to shear and/or
tension only, as in this case, we expect from CSE the same results provided by EN1993-1-
8:2005, whose formula covers this condition only.

Referring to Figure C-68, the following results for each failure path according to
Eurocode formula are given in Table C-2: design block tearing resistance, applied force
and utilization factor. In this case all the parts of each path are normal or parallel to the
applied force, so s, and ¢ can be used in hand computations. As previously said, for CSE,
parallel and normal are just particular conditions of a general case.

——1 — —
1 0 2 & 3 fl—‘ 4 b
i) & | O

Figure C-68 Hand computed failure paths
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path Ly Anv2 4 , L Ant2 S , Vet 1,Rd Fa F.
mm] | mm? | Nmed | mm] | mm? | Nmmd | ] N | Ves
1 / / / 120 672.0 288 193536 133856 0.692
2 23.8 133.3 135.7 92 515.2 288 166464 133856 0.804
3 47.6 266.6 135.7 64 358.4 288 139391 133856 0.960
4 47.6 266.6 135.7 32 179.2 288 87782 89237 1.017
5 23.8 133.3 135.7 60 336.0 288 114854 89237 0.777

Table C-2 Results of hand computations on considered failure paths

1 Lv is the length of the part of failure path subjected to shear (considering bolt holes).

1 AnvA L /Ais the net area subjected to shear.

7t =5.6mm is supported beam web thickness (IPE 200).

1 L is the length of the part of failure path subjected to axial force.

1 AnA~ LiAis the net area subjected to tension.

11 Vett 1.rd = AnedS) + An A is the design block tearing resistance of considered failure path.
1 Fa is the resultant force of involved bolts only F,=F/3*ny,.

1 nyp is the number of bolts involved in the considered path.

Most critical path is number 4. It is subjected to the force of 2 bolts only, but it is also
the one with minimum ultimate force, resulting the one with the highest F,/ Vet 1 rq ratio.

Most critical failure path is shown in Figure C-69: a part of supported beam web is
torn from the rest of the member. Resultant on involved bolts is 2/3 of total applied load.

} 213F

/3

Figure C-69 Failure path number 4
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ECSTALL

Step-by-step computation of Fa/Ves1rg fOr most critical failure path is shown now
(only the results were printed in Table C-2). Reader could easily hand compute the other
paths, if desired. First of all, we compute limit stresses value for S235 with gyo=1 and
gu2=1.25.

f, _360N/mnt
=l o = 288N /mn?
o 1.25
f :
b=y 12BN/ oo mn?
V3 Guo J3 1

According to following figure, we can compute the length of each part of the path.

30.3
—

|
QIE-—
o

159
45 345

45

345

Figure C-70 Relevant distances [mm]
We get®

L, =45mm- 2(}—" 3';m:Bme

13mm8: 47.6mm

L, =2380.3mm-
G

A, =L, @=32mm&.6mm=1792mnf
A, =L, ®=47.6mmG.6mm=2666mnTt
Varira = Ax S + AL @, =1792mnt 288N/ mnt +2666mnt A357N/ mnf =8778N

Resultant on failure path 4 is due to 2 bolts only:

33856\ =8923M

a

F=2F=
3

wIN

® hole diameter dy=13mm for M12 bolts
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Utilization factor of failure path 4 is:

F, _8923MW
expl= =

= =1.017
Vettira 8778N

The following figure shows the results computed by CSE. Most critical failure path is
the same computed as most critical in our hand computations (see figure). Utilization factor
is 1.0159, very close to the one hand computed (-0.1%). The difference is due to a slight
difference in Fuiimate (design block tear resistance) computation. Applied force is exactly 2/3
of total applied force.

CSE - Block Tearing [

Basic info
21,5999999 Met length

5.59999990 Minimurm thickness

2 Mul&plidt\d

Results

’m F ultimate ( T

,m F applied

’W Angle

’W Exploitation (7—
O

PANY

C.5. E.® - by Castalia sl - www castaliaweb com

:— li: 4 ﬂFaca 7I '7‘

\
Z00M PANX

| ;
[ Display distances 1: 125 = Font size

m Print... | Copy | Fill | Hexagons

Figure C-71 CSE results for block tear check

Members whose relevant exploitation is due to block tear checks

Inst Combi Name Blayout Angle ForceU Force A Exp |

1 25 m2 Bl -0.000 8.784e+004 8.924e+004 1016 *
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D.APPENDIX: ABSTRACTS FROM EN 1993-1-1: 2005

Table 3.1: Nominal values of the yield strength f,, and the ultimate tensile

strength f,, for bolts

Bolt class 46 48 5.6 5.8 6.8 8.8 10.9
f6 (N/mm?) 240 320 300 400 480 640 900
£ (N/mm?) 400 400 500 500 600 800 1000

NOTE: The National Annex may exclude certain bolt classes.

Figure D-1 Abstract from EN1993 -1-8: bolts f,, and fy,
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HC ST

Table 3.3: Minimum and maximum spacing, end and edge distances

Distances and Minimum Maximum" ? ¥
Spacings, -
see Figure 3.1 Structures made from steels cmfmmlng to Structures made from
EN 10025 except steels conforming to !
EN 10025-5 steels conformung to
EN 10025-5
Steel exposed to the | Steel not exposed to |
weather or other the weather or other i‘fd tected
corrosive influences | corrosive influences pro
End distance ; 1.24; 4t + 40 mm The larger of
8tor 125 mm
. ) ) ) The larger of
Edge distance e, 1.24d, 4t + 40 mm 3t or 175 mm
Distance e 1
n slotted holes 1.3dy
Distance a; —
1n slotted holes 1.5
Spaci 294 The smaller of The smaller of The smaller of
pacing p ~=Ao 14¢ or 200 mm 14¢ or 200 mm 14ty or 175 mm
Spaci The smaller of
PAacing Pre 14¢ or 200 mm
Spaci _ The smaller of
Pacing pu; 28t or 400 mm
Spaci 5 244 The smaller of The smaller of The smaller of
paciig.p o 14¢ or 200 mm 14¢ or 200 mm 14t or 175 mm

" Maximum values for spacings, edge and end distances are unlumted, except in the following cases:

- for compression members in order to avoid local buckling and to prevent corrosion in exposed
members and;

- for exposed tension members to prevent corrosion.

The local buckling resistance of the plate 1n compression between the fasteners should be calculated
according to EN 1993-1-1 using 0.6 p; as buckling length. Local buckling between the fasteners
need not to be checked if py/t 1s smaller than 9 & . The edge distance should not exceed the local
buckling requirements for an outstand element in the compression members, see EN 1993-1-1. The
end distance 1s not affected by this requirement.

t 15 the thickness of the thinner outer connected part.

4 The dimensional limits for slotted holes are given in 1.2.7 Reference Standards: Group 7.

For staggered rows of fasteners a minimum line spacing of p; = 1 2d, may be used. provided that the
minimum distance, L. between any two fasteners 1s greater or equal than 2. 4dp. see Figure 3.1b).

Figure D-2 Abstract from EN1993 -1-8: Bolts spacing, end and edge distances

Spacing and distances according to next figure.
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P1—t-——|-—-|—e1 A’; Py 2 12dy

_é _é —4} S bl
— | p & pl 661,
2 a—l @R :d——l'-
. 9 ¢ i e
Staggered Rows of fasteners
a) Symbols for spacing of fasteners b) Symbols for staggered spacing

p———p |-—-+—p|n
R b9 ~ - = e

et —-—— ~ T I p i
\_¢_ _¢_ _¢_ e - 44— - —- —4— -
—— - e
prEldtand<200mm p=<1l4tand<200mm pe< ldtand < 200mm  pg;< 28 tand < 400 mm
1 outer row 2 inmer vow
¢) Staggerad spacing m compression members d) Staggered spacing in tension members

a4
»

‘ L]

e) End and edge distances for slotted holes

Figure 3.1: Symbols for end and edge distances and spacing of fasteners

Figure D-3 Abstract from EN1993 -1-8: Bolts spacing, end and edge distances
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HCSTAL

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

tension
Failure mode Bolts Rivets
Shear resistance per shear | o g = a, fi» 4 Foza= 0.6 fir 4o
v, v,
plane Yara - Yara

- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt 4.):
- for classes 4.6, 5.6 and 8.8:
o, =0.6
- forclasses 4.8.5.8. 6.8 and 10.9;
=03
- where the shear plane passes through the
unthreaded portion of the bolt (4 15 the gross cross
section of the bolt): o, =0.6

1,23 koa, f,dt
Ft:.P,.dz -
Yar

Bearing resistance

. ub
where oy 1s the smallest of w5 = or 1.0:

1in the direction of load transfer:

& : 1
- for end bolts: g= —— - for inner bolts: oz = b
Sn'g 4
perpendicular to the direction of load transfer:
- for edge bolts: ky is the smallest of 28— —1.7 or2.3
0
- for mnner bolts: Iy 1s the smallest of 1.4 % —17 or2.5
Tension resistance ~ Fipa= ky fu 4 Fiag= 06 fn 4y
Yz ¥
where f» = 0.63 for countersunk bolt,
otherwise & =009,
Punching shear resistance Bera = 06mdatyfu/ e MNo check needed
- F F .
Con_lbmed shear and B TrE g
tension FI_:M 14 'F.‘:Rd

n The bearing resistance Fy z4 for bolts

- 1 oversized holes 15 0.8 tumes the bearing resistance for bolts in normal holes.

- 1n slotted holes. where the longitudinal axis of the slotted hole is perpendicular to the direction of
the force transfer, 1s 0.6 times the bearing resistance for bolts in round. normal holes.

For countersunk bolt:

- the beanng resistance Fypg should be based on a plate thickness 7 equal to the thickness of the
connected plate minus half the depth of the countersinking.

- for the deternunation of the tension resistance F; p4 the angle and depth of countersinking should
conform with 1.2 4 Reference Standards: Group 4. otherwise the tension resistance F;pq should
be adjusted accordingly.

3 When the load on a bolt 1s not parallel to the edge. the bearing resistance may be venfied separately
for the bolt load components parallel and normal to the end.

Figure D-4 Abstract from EN1993 -1-8: Design resistance for individual fasteners
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Table 4.1: Correlation factor g, for fillet welds

Standard and steel grade _
Correlation factor f,,
EN 10025 EN 10210 EN10219
5235 . e
S35 W S235H 5235H 0.8
2775 3275
5 ";5—1?\:-;1\11 52 H S ”fi_lzi;[?:l“[fLH 0.83
S 275 M/ML 5275 NH/NLH 5 275 MH/MLH
53535 $1355H
S 355 N/NL S335H e T s
. . 5335 NH/NLH 0.9
55 M/N /
5 3‘ M:T:]'L 5 335 NH/NLH S 355 ME/MLH
5335 W
5 420 N/NL ¢ A1 ;
S 420 M/ML 5420 MEMLH 1.0
S 460 N/NL :
- . : ) 5 460 NH/NLH
S 460 M/ML 5 460 NH/INLH S 460 MEVMLH 1.0

$ 460 Q/QL/QL1

Figure D-5 Abstract from EN1993 -1-8: Correlation factor
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