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Disclaimer notice
and

EU acknowledgement of support
Disclaimer notice

By making use of any information or content in this manual you agree to the following:
No warranties

All the information or content provided in this manual is provided “as is” and with no warranties. No
express or implies warranties of any type, including for example implied warranties of
merchantability or fitness for a particular purpose, are made with respect to the information or
content, or any use of the information or content in this manual.

The authors make no representations or extend no warranties of any type as to the completeness,
accuracy, reliability, suitability or timeliness of any information or content in this manual.

Disclaimer of liability

This manual is for informational purposes only. It is your responsibility to independently determine
whether to perform, use or adopt any of the information or content in this manual.

The authors specifically disclaim liability for incidental or consequential damages and assume no
responsibility or liability for any loss or damage suffered by any person as a result of the use or
misuse of any of the information or content in this manual.

The authors will not be liable to you for any loss or damage including without limitation direct,
indirect, special or consequential loss or damage, or any loss or damage whatsoever arising from
loss of data or loss of business, production, revenue, income, profits, commercial opportunities,
reputation or goodwill, arising out of, or in connection with, the use of the information or content in
this manual.

The authors do not represent, warrant, undertake or guarantee that the use of the information or
content in this manual will lead to any particular outcome or results.

Reasonableness

By using this manual, you agree that the exclusions and limitations of liability set out in this
disclaimer are reasonable. If you do not think they are reasonable, you must not use this manual.

Severability

If any part of this disclaimer is declared unenforceable or invalid, the remainder will continue to be
valid and enforceable.

"The information and views set out in this report, article, guide, etc. (select the correct
word) are those of the author(s) and do not necessarily reflect the official opinion of the
European Union. Neither the European Union and bodies nor any person acting on their
behalf may be held responsible for the use which may be made of the information or
views contained therein”

EU acknowledgement of support

The GRISPE project has received financial support from the European Community’s Research Fund
for Coal and Steel (RFCS) under grant agreement n° 75 4092.
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SUMMARY

The purpose of this design manual is to present a new method of design by calculation for
assembled profile on intermediate support as developed in the European project GRISPE.

The manual is based on the Eurocode principles in general and more specifically on the EN 1993-1-3
and EN 1993-1-5 Eurocodes.

This new method of design by calculation for assembled profile on intermediate support is based on
tests carried out within the European GRISPE project (2013-2016).

The background of this method can be found in the GRISPE project’s deliverables D2.1.

Chapter 1 details the type of profiles concerned, the state of the art, the main research results of
GRISPE and the general design requirements and rules.

Chapter 2 outlines the preliminary considerations that must be taken into account during the
predesigh phases and the minimum technological requirements that have to be respected including
support frame, profiles characteristics and assembilies.

Chapter 3 gives the basic technological requirements.
Chapter 4 lists the materials properties of the profiles and of the fasteners.
Chapter 5 gives the actions that must be considered (self-weight, etc) and their combinations.

Chapter 6 explains in detail the new design method (principles, field of application, and description
of how to apply the different new formula).

Chapter 7 lists the specific design consideration not covered by the manual (Fire, Seismic,
Environmental aspect, Thermal, Acoustic,etc.)

Chapter 8 gives practical examples of the new design method.

A bibliography and the amendment proposal for EN 1993-1-3 is included.
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PREFACE
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and is being considered for inclusion into the Eurocodes.
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Léopold SOKOL France
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SCOPE OF THE PUBLICATION

The aim of this publication is to present the new design method for assembled profile, in accordance
with [1] on intermediate support that has been proposed for inclusion in [2].

This design manual deals with currently occurring situations.

For specific issues (e.g. opening) or for exceptional situations (seismic, fire, etc.) it is necessary to
follow the relevant clauses of the Eurocodes and/or [1].

NOTATIONS

In addition to notations of EN 1993-1-3, the following symbols are used:

Keg: load introduced by connection fasteners [kN]
a: length of overlap or reinforcement [m]
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1. INTRODUCTION

1.1. Type of profiled steel sheets

This design manual deals with profiled steel sheets (see Figure 1.1 below) assembled on an
intermediate support.

Figure 1.1 - Typical geometry of profiled steel sheets.

1.2. State of the art

The standard [2] doesn’t cover the design of the continuity of a profiled steel sheet on support built
up on the work site; in case of transport of profiles on two parts and then assembled together above
a support, by a “clamped” joint, to recreate a continuous profile by overlapping (see figure 1.2.1
below) or in case of building repairs or to solve deflection in span.

In some case, snow and wind combined effect drives to local elevation of loading, i.e. a continuous
profiled steel sheet on two span presenting a load accumulation on one of them. A practical solution
consists to put a local reinforcement on the intermediate support in order to improve the
characteristic resistance (see figure 1.2.1 below).

« damped » joint

« overlap » joint

Continuous profile
with local
reinforcement

Figure 1.2.1 - Assemblies of profiles steel sheets on intermediate support.
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These technics, very useful, need to be defined and a design method is required. It was the aim of
one of the part of GRISPE Project.

In [3] there is a solution for overlapping profiles. They are only allowed at the supports. If powers
are to be worn over contact, tests must be performed. In the overlapping field the resistance is
equal to a continuous profile.

In the following figures 1.2.2 and 1.2.3, the two possibilities of this clamped joint are represented.

e T e e T
el B }
N |

—
tes

a=01-(
{

Figure 1.2.2 - Overlapped profiles according to [3] with cantilevered end of profile underneath.

Figure 1.2.3 - Overlapped profiles according to [3] with cantilevered end of profile on top.

The force on the fastener is given to:

_ ~_ _ IMg| .
K = maxK; = Tearsing * bp  (Figure 1.2.2)
or
X el
= maxK; = Zesing * by (Figure 1.2.3)

A maximum of two fasteners may be recognized in horizontal and vertical direction in each
compound (maximum 4 fasteners). The required fastener edge spacing and hole spacing, see figure
1.2.4 below, shall be complied with

- hole spacing in direction of force: > 3d and > 20 mm;

- hole spacing at right angles to direction to force: > 30 mm;

- hole spacing p: > 4d and > 40 mm and > 10d.
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23d
220

Figure 1.2.4 - Distance of the fasteners according to [3] for a statically effective joint.

In conclusion, there are design procedures in [3] and further in [4]. The design rules are similar to
each other.

1.3. Main results of GRISPE
To confirm the procedure described in [3], there should be a series of tests at the clamped joint to
confirm this design procedure. In addition there should be a number of tests at the overlap joint to

acquire data about the load bearing capacity.

Two types of profiles (135/310 and 158/250), representative of the full range regarding the slope of

the webs, were selected for testing as showed in figure 1.3 below.

A

Figure 1.3.1 - Tested trapezoidal profiles.

A campaign of 128 tests was completed by tensile tests. Intermediate supports tests were carried
out to study the load bearing behavior at intermediate supports (see figures 1.3.2 and 1.3.3), while
tests with single sheets constituted the basis for the comparison with the different types of joints.
Tests with overlaps according to [3] were executed to verify the design rules specified in [3] dealing
with the fasteners.

10
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Figure 1.3.3 - Example of intermediate support test and collapse.

The analysis and interpretation of the tests which had been carried out on assembled profile samples
were reported in [5] and [6], and the comparison of assembly types was based on M/R diagrams
established for each test (see figure 1.3.4).

o
250 \
ui e

=150

— R TICNTY

'

— e L M RRB

— LA B

0o

Figure 1.3.4 - Example of interaction diagram obtained from intermediate support test.

Calculations method were done for cantilever above and below, for overlap joints and for continuous
profiles with local reinforcement. The principle is to decompose the bending moment in two force

11
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equal in intensity and direction but opposite direction. These forces are transmit to the assemblies
via the fasteners.

Two others point were shown:

- In the cases of overlap joint with overlaps on both sides of the support and continuous profile
sheet with local reinforcement, the sum of two profile is not exactly the sum of the two
resistance of the profile but 1.8 x Mgy if Mrq is the bending resistance of one profile in
bending;

- A specific collapse appear at the end of the profile (see figure 1.3.3) and thus it was justified
by test that this resistance is 0.5 Ry rg-

For assembled trapezoidal profiles (statically effective overlapping), no data is available in the
current version of [2]. It was decided that the calculation method developed could be transferred to
the Eurocodes without further adjustments in a complementary annex.

1.4. General design requirements and rules

The following design method only offers a way for the calculation of the design resistance Mg, and R, zs of a
statically effective joint according to [7], its amendment [8] and corrigendum [9]. Design values of the effects of
actions have to be evaluated in conformity to every relevant part of [10] and its corrigendum [11], [12] and its
corrigendum [13] and amendment [14], [15] and its corrigendum [16] and amendment [17].

The succeeding procedure respects general rules given in [18] and its corrigendum [19] and amendment [20] and
the basis of design defined in part 2 of [2] and its corrigendum [21].

2. PRELIMINARY CONSIDERATION

2.1. Field of application of the new design method

This manual presents a design method for determine the resistance of assembled profiles compliant
to [1].

This method is established in the scope of minimum technological dispositions, see following
paragraphs.

This manual does not cover load arrangement for loads during execution and maintenance.

The calculation rules given in this manual are only valid if the tolerances of cold formed members
comply with [2] and [21].

2.2. Minimum technological dispositions of the frame

The steel profile sheet must be put on 3 supports or more with a minimal width of intermediate
support of 60 mm, in steel or timber.

Steel profile sheet directly in contact with a concrete support is not allowed.
2.3. Minimum technological dispositions of the profile sheet

Profiled sheets have within the permitted tolerances a constant nominal thickness over their entire
length and may have either a uniform cross section or a tapering cross section along their length.

12
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The cross-sections of profiled sheets essentially comprise a number of plane elements joined by
curved elements and its dimensions should satisfy the general requirements given in [2], section
1.5.3.

The provisions for design by calculation given in this design manual should not be applied to cross-
sections outside the range of width-to-thickness ratios b/t, h/t, ¢/t and d/t given in Figure 2.3 below
extracted from Table 5.1 of [2]:

b ;l IE b 3
! < B(
— b b/ <50
Q Q

1
e

Figure 2.3 - Range of geometrical proportions.

45° <9< 90

h/ <500 sin ¢

fe——>1
‘ | b/t< 500
h
®

The thickness, t, is a steel design thickness (the steel core thickness extracted minus tolerance if
needed as specified in clause 3.2.4 of EN [2]), if not otherwise stated.

The profile sheet must present the following parameters:

- High profile with stiffeners in top flange and web,
- Minimal nominal thickness of 0,75 mm,

2.4. Minimum technological dispositions about the assemblies

Number and spacing of fasteners are those described in paragraph 2 (see figure 1.2.4).

3. BASIC TECHNOLOGICAL REQUIREMENTS

3.1. Supports
Supports comply with [18] to [20] for steel material or with [22] to [25] for timber material.
3.2. Profiles sheet and CE marking

Profile steel sheet are CE marked according to [1].

13
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4. MATERIAL PROPERTIES
4.1. Steel sheet

The material properties should satisfy the requirements given in [2], section 3 with a minimum steel
grade of S 320 GD + Z.

4.2. Fasteners

The material properties should satisfy the requirements given in [2], section 8.
4.3. Safety factors

The safety factors should satisfy the requirements given in [2], section 2.

5. ACTION LOADS AND COMBINATIONS

Action loads and combinations should be taken into account and determined according:

[8] and [9] for basis and load combinations,
[10] and [11] for self-weight and imposed loads,
[12] to [14] for snow loads,

[15] to [17] for wind loads.

6. BASIS OF THE DESIGN
6.1. Principles
This new design method is given to:
- Calculate the resistance of 4 assemblies type to combined bending moment and support
reaction,
- Verify the connection between two profile steel sheets.

6.2. Field of application of the new design method

This new design method is for sheeting assembled by a statically effective overlapping, on an
intermediate support, according one of the 4 joints below:

Simple overlap with
cantilever undernaath

Simple owverlap with
cantilever above

Double overlap

Continuous profile
with loca
rainforcement

Figure 6.2.1 - Types of assemblies covered by the new design method.

14
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Profile steel sheet must present the same design thickness and assembled like below:

p p

- |- - -

=30 ‘

- |-

1
53 :
L

|
5
|
[

Figure 6.2.2 - Location of fasteners according for a statically effective joint.
A maximum of 4 fasteners, arranged in square, should be used to connect the steel sheet:

- per web,
- located at the end of the overlap and,
- located at the axis of the intermediate support.

Each group of 4 fasteners should be spaced at 30 mm minimum from the ends of overlapping and
be spaced at 20 mm minimum, no lower than 3d with d the diameter of hole, from the top flange of
steel sheets.

The horizontal and vertical distance between fasteners should be greater than the minimum between
4d and 40 mm.

6.3. Design procedure

6.3.1. Steel sheets assembled with single overlap joint with cantilever above

[ . v - 1
Met VLr E " *’(1 KZ*
|1

Figure 6.3.1 - Single overlap with cantilever steel sheet above.

Verification of the resistance of the assembly

The Verification of the resistance of the assembly in the support axis is conducted with the design
resistance values (Mg rqs and Ry rgs) Of the continuous profile, in the same design thickness, taking
into account the influence of support reaction (M-R-interaction) for downward loading and M-V
interaction for uplift loading.

15
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Mgrs and Ry rqs Should be determined by calculation according 6.1.4 and 6.1.7 of [2] and
interactions according 6.1.11 of [2].

Verification of web crippling

For downward loading, the web crippling at the end of cantilever must be verified with:
Fgqg = Mggq/a < 0.5 Ry pap

With: R, rqp the ultimate support reaction at intermediate supports in the opposite profile position
(in general negative position) for the maximum support width, in general I, = 160 mm.

Taking account of the normal profile position defined in Figure 1.1, the opposite profile position is
the position for which the biggest flange (top flange in Figure 1.1) is in contact with the support.

For uplift loading, web crippling at the end of the cantilever is not possible. In such case of loading,
no verification is needed.

Verification of the connection K;,4

The verification, performed in one web, should be done with:

K
<10
Y Fyra

And:

M v,
Kgq = maxK; = ( B,(EZd-/:izl;) Led| - bg

With: Y F, rs the shear resistance of the screws.

6.3.2.Steel sheets assembled with single overlap joint with cantilever

underneath
Ertininie 3t
Ki Kz’ :
wid | 1 |
|
{7
_a=01-{

Figure 6.3.2 - Single overlap with cantilever steel sheet underneath.

Verification of the resistance of the assembly

The Verification of the resistance of the assembly in the support axis is conducted with the design
resistance values (Mgrqs and Ry, rgs) Of the continuous profile, in the same design thickness, taking
into account the influence of support reaction (M-R-interaction) for downward loading and M-V
interaction for uplift loading.

16
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Mgrs and R, rqs Should be determined by calculation according 6.1.4 and 6.1.7 of [2] and
interactions according 6.1.11 of [2].

Verification of web crippling

For both case of loading (uplift and downward), web crippling at the end of the cantilever is not
possible and no verification is needed.

Verification of the connection K,

The verification, performed in one web, should be done with:

K
<10
2 Fyra

And:

|Ms,z4]

Kea =maxK: = o Ging) 0"

With: Y F, rs the shear resistance of the screws.

6.3.3. Steel sheets assembled with double overlap joint

overlapping length

My Moment distribution
o for downward leading

M, s M,

Iy
R

B,Ed

Figure 6.3.3 - Double overlap.

Preliminary consideration

Bending moment distribution under design loads like for continuous sheets should be determined in
order to evaluate Mgy, M; g4, My pq @nd Rggp.

Verification of the resistance of the assembly at the support axis

The Verification of the resistance of the assembly in the support axis is conducted with 90 % of the
design resistance values (Mg rq and Ry rgs) Of each profile, in the same design thickness, taking into
account the influence of support reaction (M-R-interaction) and M-V interaction as follow:

MB,Ed <09- ZMB,Rd;

Rgra < 0,9 X Ry rap;
17
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M-R or M-V interaction following 6.1.11 of [2].

Verification of the resistance of the assembly at the ends of the overlap

These verification, of the continuous profiles, is conducted with the bending moments M, z; or M;; g,
and the corresponding line loads introduced by the connections K;:

The line load Fg, is determined for both case of loading (downward and uplift).

For downward loading, Fg, is acting as a tension force on the webs of the continuous profiles and the
verification is composed as follows:

M
LEd S 1’0;
MB Ra

My Ed <10 :
Mpra = '

F
—Ed ~ 1,0;
VW,Rd

M-V interaction following 6.1.11 of [2].

For uplift loading, Fy, is acting as a compression force on the webs of the continuous profiles and the
verification is composed as follows:

M
—LE < 1.0;
Mp Ra

M1 Ea <10:
Mpra — '

F
—Ed < 1,0;
Rw,Rrd,B

M-R interaction following 6.1.11 of [2].

In both loading cases, the resistance values of the profile in the opposite position at intermediate
supports apply for these verifications.

Verification of web crippling

For downward loading, the web crippling at the end of cantilever must be verified with:
Fgqg = Mpga/(2-a) <0.5°Ryrap

With: R, g4 the ultimate support reaction at intermediate supports in the opposite profile position
(in general negative position) for the maximum support width, in general I, ; = 160 mm.

Taking account of the normal profile position defined in Figure 1.1, the opposite profile position is
the position for which the biggest flange (top flange in Figure 1.1) is in contact with the support.

For uplift loading, web crippling at the end of the cantilever is not possible. In such case of loading,
no verification is needed.

Verification of the connection K,

18
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The verification, performed in one web, should be done with:

K
<10
2 Fyra

And:

|Mg ga

KEd = maXKl- = mbR

With: Y F, r4 the shear resistance of the screws.

The verification of the connection must be performed for both cases of loading (downward and
uplift).

6.3.4. Continuous profile with local reinforcement

-

a a

< 1

reinforcement length

LML Moment distribution
s for downward loading

Miea i — | Myt e
A
RUL«:’
Figure 6.3.4 - Continuous profile with local reinforcement.

Preliminary consideration

Bending moment distribution under design loads like for continuous sheets should be determined in
order to evaluate Mgy, M; g4, My pq @nd Rggp.

Verification of the resistance of the assembly at the support axis

The Verification of the resistance of the assembly in the support axis is conducted with 90 % of the
design resistance values (Mg rq and Ry rqs) Of each profile, in the same design thickness, taking into
account the influence of support reaction (M-R-interaction) and M-V interaction as follow:

Mgpq <0,9- ZMB,Rd;
Rgrpa < 0,9 X Ry rap;
M-R or M-V interaction following 6.1.11 of [2].

Verification of the resistance of the assembly at the ends of the overlap

19



GRISPE PLUS (&)

VALORISATION OF KNOWLEDGE
FOR SPECIFIC PROFILED STEEL SHEETS

Design Manual for Assembled profiles

These verification, of the continuous profiles, is conducted with the bending moments M, z; or M;; g,
and the corresponding line loads introduced by the connections K;:

Mg gq
2-a

The line load Fg, is determined for both case of loading (downward and uplift).

Fpq =

For downward loading, Fg, is acting as a tension force on the webs of the continuous profiles and the
verification is composed as follows:

M
LEd S 1’0;
MB,Rd

My Ed <10 :
Mgra — '

F
—Ed ~ 1,0;
VW,Rd

M-V interaction following 6.1.11 of [2].

For uplift loading, Fy, is acting as a compression force on the webs of the continuous profiles and the
verification is composed as follows:

M
—LE < 1.0;
Mp Ra

M1 Ea <10:
Mpra — '

F
—Ed < 1,0;
Rw,Rd,B

M-R interaction following 6.1.11 of [2].

In both loading cases, the resistance values of the profile in the opposite position at intermediate
supports apply for these verifications.

Verification of web crippling

For downward loading, the web crippling at the end of cantilever must be verified with:
Fgqg = Mpga/(2-a) < 0.5 Ry rap

With: R, g4 the ultimate support reaction at intermediate supports in the opposite profile position
(in general negative position) for the maximum support width, in general [, 5 = 160 mm.

Taking account of the normal profile position defined in Figure 1.1, the opposite profile position is
the position for which the biggest flange (top flange in Figure 1.1) is in contact with the support.

For uplift loading, web crippling at the end of the cantilever is not possible. In such case of loading,
no verification is needed.

Verification of the connection Kz,

The verification, performed in one web, should be done with:

K
£ <10
2 Fyra
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And:

|Mg ga
Ky, = maxK;: = _— .

Ed " (4-a -sing) ¢
With: Y F, r4 the shear resistance of the screws.

The verification of the connection must be performed for both cases of loading (downward and
uplift).

7. SPECIFIC DESIGN CONSIDERATION
The subsequent issues are not covered by the present design manual:

- For fire: it should be considered national regulations in agreement with EN 1991-1-2 and EN
1993-1-2;

- For seismic: it should be considered national regulations in agreement with EN 1998-1;

- For environmental aspect: it should be considered national regulations;

- For thermal: it should be considered national regulations in agreement with EN 1991-1-5;

- For acoustic: it should be considered national regulations.

And for all other subject not clearly identified higher or lower.
8. DESIGN EXAMPLES

8.1. Description of frame and loading assumption

These designh example deals with a flat roof application of two buildings for which the steel frame is
composed of IPE 330 beam (160 mm width) with current span of 5,45 m and a verification of
assemblies located in areas H and I according 7.2.3 of EN 1991-1-4.

Both flat roofs are composed by a profile steel sheet, a mineral wool insulation and a ceiling. The
total self-weight of insulation and ceiling g; is 0,25 kN/m2 for building 1 case and 1,00 kN/m2 for
building 2 case (presence of heavy protection).

8.1.1.Information for building 1

The first building of 16 m height, building 1, is located in an industrial area near Oostende (Belgium)
with parapet of 80 cm all around the flat roof.

The fundamental value of the basic wind velocity v, ¢ is 26 m.st.

Terrain category is assumed to be 0.

Directional factor c4;- and season factor Ceeason are fixed to 1. Orography factor co(z) is taken to 1.
The recommended value of 1 is considered for the turbulence factor k.

For the air density p, the recommended value is applied: p = 1,25 kg/m>.

Location of the building in a windswept topography: C. = 0,8 according [12].

Snow load shape coefficient p; of 0,8.

8.1.2.Loading assumption for building 1

This design example doesn’t deal with mounting phase. In service phase, loads are provided by wind
effects and dead loads.
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Snow loads are neglected due to characteristic value of snow load on the ground sy at sea level of
0,2 kN/m2 according [12] and a combination factor ¥, of 0,5 according the Belgium national annex
of [12] (s= Mi-Ce-Cy'sy = 0,064 daN/m?2 for the exact application).

Determination of wind action according [15] to [17]

Basic wind velocity Vp = Cgir * Cseason * Vb0 = 1,00 - 1,00 - 26 = 26 m.st.
Mean wind vi,(z):
- Terrain category 0: zo = 0,003 m and zyin = 1 m;

- Zo1 = 0,05 m;
0,07 0,07
- Terrain factor k, = 0,19 - (Z—°> =0,19- (%) ~ 0,156;
Zo,11 0,05

- Roughness factor ¢.(z) =k, - In (i) = 0,156 In (i) ~ 1,339;

Zo 0,003
- v =c¢(2) ' co(2) vy, =1,339:1,00- 26 ~ 34,8m.s™L;

k; _ 1,00
co(2)'In(z/z¢) 1,00-1n(16/0,003)

Wind turbulence I,(z) = ~ 0,117

Peak velocity pressure q,(z) = [1+ 7 - 1,(2)] -%-p v23(z) =[1+7-0,117] % 1,25 - 34,82 ~ 1,38 kN /m?
Pressure coefficients for flat roof:
- hpy/h =0,8/16 = 0,05;
- External pressure coefficients Cpe, 10:
o Zone H: -0,7
o Zonel: +0,2/-0,2
- Internal pressure coefficient ¢, = +0,2/-0,3
- Global coefficient cp net:
o For wind pressure effect: cpnet = 0,5
o For wind suction effect: ¢, net = -0,9
Wind loads Ws:

- For pressure effect: W5," = 0,69 kN/m?2
- For suction effect: W5y = - 1,24 kN/m?2

Loads combination according [8], [9] and Belgium national annex of [8]

The most severe combination in pressure effect is: Q* = 1,50-Ws,* + 1,35-(go + g;) = 1,50-0,69 +
1,35- (0,097 + 0,25) = 1,50 kN/m?2

The most severe combination in suction effect is: Q= 1,50-Wsy” + (go + g1) = 1,50:(-1,24) + (0,097
+ 0,25) ~ -1,51 kN/m2

For go see paragraph 8.2 and for g; see paragraph 8.1.1.

8.1.3. Information for building 2

Building 2 is the same than building 1. See paragraph 8.1.1 to consult information.
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8.1.4. Loading assumption for building 2

For building 2 the flat roof device is different due to self-weight on insulation coupled to heavy
protection (g; = 1,00 kN/m?2).

For snow load consideration and determination of wind effect: see paragraph 8.1.4.

Loads combination according [8], [9] and Belgium national annex of [8]

The most severe combination in pressure effect is: Q* = 1,50-Wso* + 1,35-(go + g1) = 1,50-0,69 +
1,35- (0,097 + 1,00) ~ 2,51 kN/m?2

The most severe combination in suction effect is: Q= 1,50-Ws¢ + (go + g1) = 1,50:(-1,24) + (0,097
+ 1,00) ~ -0,76 kN/m?2

For gy see paragraph 8.2.

8.2. Description of profile steel sheeting

The profile steel sheet is a 137-310-930 trapezoidal geometry as follows:

165 145
B R

Figure 8.2 - 137-310-930 trapezoidal steel sheet in positive.

Pitch of the profile, b, is 310 mm. Web angle ¢ = 66°.

The profile is in steel grade S 320 GD + Z 275 in 0,75 mm nominal thickness. Self-weight g, of
profile is 0,097 kN/m2.

The design resistance values of these profile are determined by calculation according [2] and
considering a safety factor y,, of 1,10:

Bending design resistance on support for normal profile position under downward loading:
My rq = 8,17/1,1 = 7,42 [kNm/m]

- Bending design resistance on support and at the end of the overlap for opposite profile
position under downward loading:

My rq = 9,66/1,1 = 8,78 [kNm/m]

- Bending design resistance on support for normal profile position under uplift loading:
My rqg = 9,66/1,1 = 8,78 [kNm/m]

- Bending design resistance on support for opposite profile position under uplift loading:
My pq = 8,30/1,1 = 7,54 [kNm/m]

- Design resistance to intermediate support reaction (160 mm width of support):

Ry ras = 22,82/1,1 = 20,74 [kN/m]

23



GRISPE PLUS (&)

VALORISATION OF KNOWLEDGE
FOR SPECIFIC PROFILED STEEL SHEETS

Design Manual for Assembled profiles

- Design resistance to intermediate support reaction for opposite profile position (160 mm
width of support):

Ry ra,Bla=160 = 22,89/1,1 = 20,80 [kN/m]
- Shear design resistance:

Vira = 28,49/1,1 = 25,9 [kN/m]

8.3. Description of fasteners and assemblies

Fasteners comply [2] section 8 and are 6.3 mm diameter screws for which shear design resistance
values are in the scope of an ETA.

The shear design resistance of each screw, considering two steel thickness of 0,75 mm, is F,gq =
0,875 kN and consequently: }; F;, g = 3,50 kN.

Each group of 4 screws are spaced of 30 mm from end of overlap and top flange of profile; and the
distance between screws is 30 mm.

Flat roofing of building 1 is realized with steel sheets assembled with single overlap joints with
alternatively cantilever above and underneath. The overlap length (a) is 0,80 m.

Flat roofing of building 2 is divided on 2 areas: one realized with steel sheets assembled with double
overlap joint and one realized with continuous profiles with local reinforcement. The overlap length
is the same than the reinforcement length: a = 0,80 m.
8.4. Verification of assemblies for building 1
8.4.1.Loading application
It's considering 2 equal spans, L, system of 5m45 under uniform distributed loading.

For wind pressure effect, the application of load combination, see paragraph 8.1.2, drives to:

- An applied moment on intermediate support Mg g = (Q*-L?)/8 =(1,5-5,45%)/8 = 5,57
kNm/m;

- Areaction on intermediate support of: Rg g = 1,25 - Qt-L=1,25-1,5-545= 10,22 kN/m;
- A maximum shear load of: V; g = (5-Q*-L)/8=(5-15"5,45)/8 = 5,11 kN/m.
For wind suction effect, the application of load combination, see paragraph 8.1.2, drives to:

- An applied moment on intermediate support Mz s = (Q~ - L?)/8 = (1,51 - 5,45%)/8 = 5,61
kNm/m;

- A reaction on intermediate support of: Rgpy =1,25-Q7-L =1,25-1,51-5,45= 10,29
kN/m;

- A maximum shear load of: V; gy = (5-Q7-L)/8=(5-1,51-5,45)/8 = 5,14 kN/m.

24



GRISPE PLUS (&)

VALORISATION OF KNOWLEDGE
FOR SPECIFIC PROFILED STEEL SHEETS

Design Manual for Assembled profiles

8.4.2. Steel sheets assembled with single overlap joint with cantilever above

Verification of the resistance of the assembly

Under downward loading:

5,57
- Moment on intermediate support: —2£2 — =0.751 < 1,0;
MB,Rd 74-

RpEd 10 22

— = 0.493 < 1,0;
Ruwrap 2074

- Resistance on the support:

- Interaction between moment and support reaction: M+M:0’751+0’493:

Mpga  RwRdB
1,244 < 1,25.

For uplift loading:

561
- Moment on intermediate support: —B£2 — = 0.638 < 1,0;
Mpra 878

LEd _ 514

— =0.199 < 1,0;
Vwrd 2590

- Resistance on the support:

- Interaction between moment and support reaction: MBEd + ::LEd = 0,638 + 0,199 = 0,837 <
B,Ed w,Rd
1,25.

In addition, verification of fasteners must be performed according [2].

Verification of web crippling

For downward loading: (o5, RMBEd )= 557 =0,670 < 1,0.
w,Rd,B,la=160

(0,8-0,5:20,80)
For uplift loading, verification of web crippling is not relevant.

Verification of the connection Kg,;:

|(5,57/0,8)+5,11]

Kgqa = (2-sin(66°)) 10,31 =2,05kN
Kgq 2 ,05
=0,585< 1,0
2 Fyra 3 50

8.4.3.Steel sheets assembled with single overlap joint with cantilever
underneath

Verification of the resistance of the assembly

Under downward loading:
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Mpra _ 357 _ 1751 < 1,0;

- Moment on intermediate support:
Mp Ra 7,42

Rppa _ 1022

- Resistance on the support: = 0.493 < 1,0;

Ry, Rd,B 20,74

M R
- Interaction between moment and support reaction: —2£¢4 “BE4 _ (751 4 0,493 =

MpE4d  RwRdB
1,244 < 1,25.
For uplift loading:

M 5,61
- Moment on intermediate support: —2£2 =22~ = 0.638 < 1,0;
Mpra 878

. Vi Ed 5,14
- Shear resistance: — = ——
Vwrd 2590

= 0.199 < 1,0;

- Interaction between moment and shear: —2£4 4 YLEd _ (638 1 (199 = 0,837 < 1,25.
MpEerd  VwRd

In addition, verification of fasteners must be performed according [2].

Verification of web crippling

For both case of loading, no verification is needed.

Verification of the connection Kg,:

[5,57|

KEd = m ' 0,31 = 1,18 kN
Kzq 1,18
= =0.338< 1,0
YFyrra 3,50

8.5. Verification of assemblies for building 2

8.5.1. Profile steel sheeting

The profile steel sheet is a 137-310-930 trapezoidal geometry as defined at paragraph 8.2.
Pitch of the profile, b, is 310 mm. Web angle ¢ = 66°.

The profile is in steel grade S 320 GD + Z 275 in 0,75 mm nominal thickness. Self-weight g, of
profile is 0,097 kN/m?2,

The design resistance values of these profile are:
- Bending design resistance on support for normal profile position under downward loading:
Mb,Rd = 7,4'2 [kNm/m]

- Bending design resistance on support and at the end of the overlap for opposite profile
position under downward loading:
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Mp pg = 8,78 [kNm/m]

- Bending design resistance on support for normal profile position under uplift loading:
My rq = 8,78 [kNm/m]

- Bending design resistance on support for opposite profile position under uplift loading:
My ra = 7,54 [kNm/m]

- Design resistance to intermediate support reaction (160 mm width of support):
Ry rap = 20,74 [kN/m]

- Design resistance to intermediate support reaction for opposite profile position (160 mm
width of support):

Ry ra,Bla=160 = 20,80 [kN/m]
- Shear design resistance:
Viwra = 25,9 [kN/m]
8.5.2. Loading application
It's considering 2 equal spans, L, system of 5m45 under uniform distributed loading.

For wind pressure effect, the application of load combination, see paragraph 8.1.4, drives to:

- An applied moment on intermediate support Mz s = (Q*-L?)/8 =(2,51-5,45%)/8 = 9,33
kNm/m;

- A reaction on intermediate support of: Rppgy = 1,25- Qt-L=125-251-545=17,12
kN/m;

- A maximum shear load of: V; g = (5-Q*-L)/8 =(5-2,51-5,45)/8 = 8,56 kN/m;

- A moment at the end of overlap of 3,29 kNm/m (M;egs=Mi es) as defined in Figure 8.5.2
below:

' 9,33 kNm/m

3,29 kNm/m | ' 3,29 kNm/m

TI 7,12 kN/m
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Figure 8.5.2a - Moment distribution for downward loading.

For wind suction effect, the application of load combination, see paragraph 8.1.4, drives to:

- An applied moment on intermediate support Mg s = (Q - L*)/8 = (0,76 - 5,45%)/8 = 2,82
kNm/m;

- Areaction on intermediate support of: Rg g = 1,25-Q7 - L = 1,25-0,76 - 5,45 = 5,18 kN/m;
- A maximum shear load of: V, ;g = (5-Q~-L)/8=(5-0,76-5,45)/8 = 2,59 kN/m;

- A moment at the end of overlap of 0,99 kNm/m (M;egs=Mies) as defined in Figure 8.5.2b
below:

0,99 kNm/m 0,99 kNm/m

2,82 kNm/m

Figure 8.5.2a - Moment distribution for uplift loading.

8.5.3. Steel sheets assembled with double overlap joint

Verification of the resistance of the assembly at the support axis

Under downward loading:

_ _ M 9,33
- Moment on intermediate support:——2£%4 = = 0,699 < 1,0;
0,9%Mgra _ 092742

Rpga _ 1712
09XRypap 0922074

- Resistance on the support: = 0,459 < 1,0;

. . MpE RpE
- Interaction between moment and support reaction: Ed__ 4 — 0,699 +
0;9'2 MB,Rd 0,9 Z RW,Rd,B

0,459 = 1,158 < 1,25.
For uplift loading:

Mpga 282
09X Mprqg 092878

- Moment on intermediate support: = 0,178 < 1,0;

ViEd 2,59

- Shear resistance: =
09-YXVwra  09:2:-2590

= 0,056 < 1,0;
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- Interaction between moment and shear:

1,25.

0,9¥XMpra 09X VyRrd

Verification of the resistance of the assembly at the ends of the overlap

For downward loading, the verification is composed as follows:

MpEgd _ 9,33
2:a 208

Line load Fz4 = = 5,83 kN/m

M| Eq M epa _ 3,29
—= =—="—=0,436 < 1,0;
Mpra  MBRd 7,54

F 5,83
—Ed — 2= —0,225<1,0;
Vwrd 25,90
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= 0,178 + 0,056 = 0,234 <

Mira | Fra _ (374 40,225 = 0,599 < 1,25.

Mpra  VwRd

For uplift loading, the verification is composed as follows:

Line load Fgy = % = % = 1,76 kN/m

Mipqa _ Mppea _ 099 _ 0113 < 1.0
Mprd  Mpgq 878 ’ -

Fra — 17° _ 085 < 1,0;

Rwrap 20,80

Miga | _FEd _ (113 40,085 = 0,198 < 1,25.

MpRra RwRdB

Verification of web crippling

For downward loading:

Mg kq _ 9,33
(2 -a 05 Ryrapia=ico) (2°0,8-0,5-20,80)

For uplift loading, verification of web crippling is not relevant.

Verification of the connection K,

For downward loading:

9,33

Kpa = Gogamtey 031 =0.99 kN
And:
Kga 0,99
Y Fyra 3,50
For uplift loading:
2,82 3
Kea = Gogsineey ¥31 =030 kN

=0,561<1,0
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And:
Kga 0,30
Y Fyra 3,50

=0,085<1,0

8.5.4. Continuous profile with local reinforcement

Verification of the resistance of the assembly at the support axis

Under downward loading:

Mpga 933
09N Mgra 092742

= 0,699 < 1,0;

- Moment on intermediate support:

Rpga 17,12
09 YRy pap 0922074

= 0,459 < 1,0;

- Resistance on the support:

. _ M R
- Interaction between moment and support reaction: BEL 4 BEL__ — (0,699 +
09XMpra  0,9-XRypap

0,459 = 1,158 < 1,25.

For uplift loading:

Mpga 282

- Moment on intermediate support: = =0,178 < 1,0;
0,9 Mpra _ 0,9-2-8,78
% 2,59
- Shear resistance: LEd = 0,056 < 1,0;
0,9 XVwra _ 09-2-2590
M v
- Interaction between moment and shear: BEd _, __"LEd ___ (178 4 0,056 = 0,234 <

0,9YMprd 09X VwRrd
1,25.

Verification of the resistance of the continuous profile at the ends of the overlap

For downward loading, the verification is composed as follows:

MpEga _ 933

Line load Fgg = e = 208 = 5,83 kN
M Ed — MII,Ed 3,29 = 0,436 < 1,0;
Mprda  MpRd 75
Lra _ 58 _ 925 <1,0;
Vwrd 2590
Mird | Frd (436 + 0,225 = 0,661 < 1,25.
Mpra  VwRd
For uplift loading, the verification is composed as follows:
) _ Mppa _ 282
Line load Fggq = 2a 208 = 1,76 kN/m
MI,Ed _ MII,Ed 099 — 0 113 < 1 O

Mp Rra Mp Ea 8 78
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F 1,76 ]
Fd_ -~ =0,085<1,0;
Ry Rd,B 20,80

Miga | _FEd _ (113 40,085 = 0,198 < 1,25.

Mpra RwRdB

Verification of web crippling

For downward loading:
Mp gq _ 9,33
(2 ~a-0,5- Rw,Rd,B,la=160) ~(2-0,8-0,5-20,80)

For uplift loading, verification of web crippling is not relevant.

=0,561< 1,0

Verification of the connection K,

For downward loading:

9,33

Kpa = Gogamey 031 =099 kN
And:
Kga 0,99
= =0,283<1,0
Y Fyra 3,50
For uplift loading:
2,82 3
Kea = Gonemaeey” 031 = 0,30 kN
And:
Kga 0,30
= = 0,085 < 1,0
> Fyra 3,50

8.6. Software verification
8.6.1. Software information

An Excel software is available on GRISPE plus website (www.grispeplus.eu).

8.6.2. Validation of first case with building 1
For the building 1, the first and second tab of the Excel software are used.

First input data are the characteristics values of the profile, the considered safety factor yy and the
total shear resistance value of fasteners (in web). They are implemented according Figure 8.6.2a
and 8.6.2b:

- Characteristic bending resistance on support for normal profile position under downward
loading: M gk g = Mp g = 8,17 [kNm/m];
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- Characteristic resistance to intermediate support reaction (160 mm width of
support): Ry rrp = Rw ra,p = 22,82 [kN/m];

- Characteristic resistance to intermediate support reaction for opposite profile position (160
mm width of support): Ry, rk,B1aB=160 = Rw,ra,Bla=160 = 22,89 [kN/m];

- Shear characteristic resistance: V,, g = Vi, g = 28,49 [kN/m];
- Safety factor vy, of 1,10;

- Total shear resistance of fasteners: }; Fy pq = 3,50 kN.
Second input data are the application of load combination, see paragraph 8.1.2 as follow:
- For downward loading:
o Moment on intermediate support Mg g = 5,57 kNm/m;
o Reaction on intermediate support of: Rg g = 10,22 kN/m;
- For uplift loading: shear load of V}, gg = 5,14 kN/m;
- Pitch of the profile: bg = 0,31 m;
- Overlap length: a = 0,80 m;

- Web angle: ¢ = 66°.
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Verification
Notice: If verification is not fulfilled please increase length a.

- . r‘f.-:u“‘--w
Mﬂl'rt V;(a | *KIIJ K.‘D.l’
|
i.'s
’ R s
=01/
{

(kNm/m] Ms ¢ | <Nm/m]

[kN/m] Rg eq [kN/m]
[kN/m] Vies [kN/m]
Vi [kN/m] by [m]
Y -] length a [m]
A [kN] ” '
Notice: R, sy .128=160mm fOr oppostite profile position

Mc,nk.a

Rw,Rk,B
Ry 5k 8,128 = 160

IF, rg.n x F, pq shear resistance value according to EN 1993-1-3 or ETA
at each coupling point

Bending moment distribution like for continuous profile.
a.) Verification of the profile at intermediate support

Mges /Mcpga 1.0 0,75 [-]
downward load: Rees/Runrgps1.0 049 [-]
uplift load: Vies/Vura €10 020 []
Notice: Verification of M-R-interaction or M-V-interaction according to used type design must be
done additionally depending on downward or uplift design loads.
b.) Check of the free end of the cantilever, if the line load Fg4 introduced by the connections K, may
create web-crippling
downward and uplift load:

No additional verification necessary
c.) Verification of the connections

Keg =Mages/a/(2xsin{@)) xby 1,18  [kN]
Keg /3F, 310 034 [

Figure 8.6.2a - Excel tab for assembly with single overlap joint with cantilever above.
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Verification
Notice: If verification is not fulfilled please increase length a.

\
K

%
- -

[kNm/m] : [kNm/m]
(kN/m] [kN/m]
[kN/m] [kN/m]

M, a8

Rw,Rk,B
Ry 8x,8,128 = 160

Vw,Ri lkN/m] [m]
Y [-] length a (m]
ZF, pg [kN] @ [°]

Notice: R, s 5128 =160mm fOr oppostite profile position
IF, ra=Nn X F, z4 shear resistance value according to EN 1993-1-3 or ETA
at each coupling point

Bending moment distribution like for continuous profile.
a.) Verification of the profile at intermediate support

Mges /Mepgp 1.0 0,75 [-]
downward load: Rees /Ryrae<10 049 []
uplift load: Vies/Vure$10 020 []
Notice: Verification of M-R-interaction or M-V-interaction according to used type design must be
done additionally depending on downward or uplift design loads.
b.) Check of the free end of the cantilever, if the line load Fg, introduced by the connections K, may
create web-crippling
downward and uplift load:

No additional verification necessary
c.) Verification of the connections

Kes = Mgeg/a/(2xsin(@)) xbs 1,18  [kN]
Keg /3F, 610 034 [

Figure 8.6.2b - Excel tab for assembly with single overlap joint with cantilever underneath.
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Comparison between analytical result and Excel software result for single overlap joint with
cantilever above

For this comparison, analytical result (paragraph 8.4.2), is the reference.

Object Analytic Excel software Error [%]
Verification of the profile at intermediate support
Downward loading

Moment on support 0,751 0,75 -0,13 %
Reaction on support 0,493 0,49 -0,6 %
Uplift loading
Shear resistance 0,199 0,20 0,5 %
Check of web-crippling
Downward loading 0,67 0,67 0 %
Uplift loading - -
Verification of the connection
Load in connection 2,05 2,05 0%
Resistance of connection 0,585 0,59 0,85 %

Table 8.6.2a - Comparison between analytical and Excel tab results for assembly with single
overlap joint with cantilever above.

Values given by this software applying the design example drive to results strongly similar. All errors
are less than £ 1 %.

Comparison between analytical result and Excel software result for single overlap joint with
cantilever underneath

For this comparison, analytical result (paragraph 8.4.3), is the reference.

Object Analytic Excel software Error [%]
Verification of the profile at intermediate support
Downward loading

Moment on support 0,751 0,75 -0,13 %

Reaction on support 0,493 0,49 -0,6 %
Uplift loading

Shear resistance 0,199 0,20 0,5%

Check of web-crippling | - | - | ;

Load in connection
Resistance of connection

Verification of the connection
1,18 1,18 0 %
0,338 0,59 %

Table 8.6.2b - Comparison between analytical and Excel tab results for assembly with single
overlap joint with cantilever underneath.

Values given by this software applying the design example drive to results strongly similar. All errors
are less than = 1 %.

8.6.3. Validation of second case with building 2

For the building 2, the third and fourth tab of the Excel software are used.
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First input data are the characteristics values of the profile, the considered safety factor yy and the
total shear resistance value of fasteners (in web). They are implemented according Figure 8.6.3a

and 8.6.3b:

- For downward loading:

Characteristic bending resistance on support for normal profile position under

downward loading: Mﬁ;)k'B = Mp pq = 8,17 [kNm/m];

Characteristic resistance to intermediate support reaction (160 mm width of

support): R\EVTI)%k,B = Ry rap = 22,82 [kN/m];

Characteristic bending resistance on support for opposite profile position under uplift
loading: MC(,;)k,B = My pq = 8,30 [kNm/m];

Shear characteristic resistance: VME’;)R =Viyra = 28,49 [kN/m];
Safety factor y,, of 1,10;
Total shear resistance of fasteners: }; Fy pqg = 3,50 kN;

Characteristic resistance to intermediate support reaction for opposite profile position
(160 mm width of support): Ry, rk5160mm = RwraBla=160 = 22,89 [kN/m].

- For uplift loading:

o

Bending characteristic resistance on support for normal profile position under uplift
loading: MY, 5 = My pa = 9,66 [kNm/m];

Shear characteristic resistance: VVE;)R = Vwra = 28,49 [kN/m];

Bending characteristic resistance on support and at the end of the overlap for opposite
profile position under downward loading: MC(;)kB = Mp pg = 9,66 [kNm/m];

Characteristic resistance to intermediate support reaction for opposite profile position
(160 mm width of support): Rw,Rd,B,la=160 = 22,89 [kN/m];

Safety factor vy, of 1,10;

Total shear resistance of fasteners: }; Fy pqg = 3,50 kN;

Second input data are the application of load combination, see paragraph 8.1.4 as follow:

- For downward loading:

o

Moment on intermediate support Mg g = 9,33 kNm/m;
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Reaction on intermediate support of: Rg gq = 17,12 kN/m;
Moment at the end of overlap length a (left side of the support): M; gg = 3,29 kNm/m;

Moment at the end of overlap length a (right side of the support): M g4 = 3,29
kNm/m;

Pitch of the profile: bg = 0,31 m;
Overlap length: a = 0,80 m;

Web angle: ¢ = 66°.

- For uplift loading:

(o]

Moment on intermediate support Mg g4 = 2,82 kNm/m;
Shear load of Vzy =V g = 2,59 kN/m;
Moment at the end of overlap length a (left side of the support): M; gz = 0,99 kNm/m;

Moment at the end of overlap length a (right side of the support): Mj; g = 0,99
kNm/m;

Pitch of the profile: bg = 0,31 m;
Overlap length: a = 0,80 m;

Web angle: ¢ = 66°.
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Verifioation
downward load

Notice: If verification is not hlfiled please increaze length a

- L .-

M s®? [KNmim) a) Me.ta [Nemim)
Rums'” [idim] Pt [Nm]
Monss'”? [kNmim) M [kNendm]
Vars? [kNfen) Mg [kNemdm)
e (-] by, [m]
F.m [N} length a [m)
Rumis. somn [kNmim) ® 9]
Notice: (4) normal peofile position dow e aed load
(~) opposie profile position uplift load

R pin.womn fof opposite profile position downw aed load

IF, gy = nnF g, shear tesistance value according 1o EN 1333-1-3 or ETA at

each coupling pont
Bending moment distribution ke for continuous profile without taking ino
acoount the higher stifiness at the suppont sea

b.) Verification of the profile at intermediate support

Mexd (185M, 501510 070 (-]
R““' (18x R,,‘.u‘.)]‘ 10 046 [-]

Notice: Verification of intetaction according to used type design must be done
additionally

©.) Vetifioation of the continuous peofile at the end of the overlap with the bending
moments M, ¢, ot My ¢, and the ine load Fy,

F“' M.“'Q"" S83 [kNim)
MM 00?210 044 (-
MugitM pis?s10 044 []
FelVun’510 023 [-]
Notice: Yerification of interaction according to used type design must be done
addiionally for sectionl and Il

Sectionland It

d.) Check of the free end of the cantilever, if the ine load F introduced by the
connections K, may creste web-onppling

cantiever: upside
M.,.I(Zualf(O.SuP\.,M.....DSIO 0.55 l‘]

underneath
NOt Necessary

e.) Verlfication of the connections

Kea® Mg e 2 xal2nsinlp)lby, 033  [kN]
Keal2F, 0510 028 [-]
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uplift load
Notice: If verification is not fulliled pleaze increase length a

- - - X

Notice: (4) normal profie position uplit load
(~) opposite profile position dowrw ard load, values formax L,
Rnsp.100me f0f Opposite profile position downw ard load
tFuRd= nuF 5, shear resistance value sccording to EN 1993-1-3 o ETA
at each coupling point
Bending moment distribution ke for continuous profile without taking into
account the higher stfiness at the support area

b.] Verification of the profile atintermediate support

Mexal (185M,p0et1510° 08 -]
max Vel 18V, 0,510 006 [-]

Notice: Verification of interaction according to used type design must be done
additionally.

©.) Verification of the continuous profile at the end of the overlap with the bending
momenits M, ¢, ot My ¢, and the line load Fy,

Fea®Mpg l(20a) 176 [kNim]

Ml Mope™210 O (<)
Muga!Mons$10 O [
F(‘JRM‘.‘.) 10 008 [+
Notice: Yerification of interaction according to used type design must be done
addiionally for section | and ll,
d.) Check of the free end of the cantilever, # the line load Fy, introduced by the
connections K, may create web-cripplng

Sectionland It

cantilever. upside undetneasth
not necessary not Necessany

& ] Vetification of the connections

Kea= Mg e 20 al2usinfplinby, 030 [kN]
KultF 510 008 [-)

Figure 8.6.3b - Excel tab for assembly with double overlap joint — uplift loading.
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Verifioation
downwad load

Notice: If verification is not fulfiled please increase length a.

. . . x

M e’ b Me.cs
Rums'” R
Mc.ﬂl(.' m‘
Vo Macs
™ b“
IF o length a
R-m.m- @

Notice: (4] normal profile position dowrw aed load

(-] opposite profile posaion uplift load

B sin.moma foropp profile position downw ard load

IF, e nuF g, shear tesistance value accordng to EN1333-1-3 ot ETA at
each coupling point

Bending moment distribution like for contirmous profile without taking into
acoount the higher stiffness at the support atea

b.) Verfication of the profile at intermediate support

Merd (18%M pes 210 070 [-)
Rexu 18R nis 1510 046 (-]

Notice: Yerification of interaction according to used type design must be done
additionally

o.) Verfication of the continuous profie at the end of the overlap with the bending
moments M, ¢, oe My ¢, and the ne load Fy,

Fu*Mggl(2xa) 583 [kNim)

man ey 1M pip"510 044 [-)
Feol Vo210 023 (-]
Notice: Verification of interaction accarding to used type design must be done
additonally.
d ) Check of the lree end of the cantilever, if the kne load F, introduced by the
connections K; may create web-crippling

Mn,l(l’nalflo.SuR,,m.u.lSlO 056 [-]

e.) Verfication of the connections

Kea* Mg l2nal2usinlpllxby, 093 [kN]
KealtF 0810 028 [}

Figure 8.6.3c - Excel tab for assembly of continuous profile with local reinforcement — downward
loading.
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uplilt load

Notice: f verification is not hililed please ncreaze length a

Snear foeoe asitRyton

for upiM 0ag L
\‘ Vi
Morne™” (hmim] a)
Vo' [kNtm]
Moo’ (iNmim)
Rimas'? [iNter)
i ('l
LT [kN]

Notice: (4] nosmal profile position uphift load
(-] opposite profile position downward load, values formaxL
B e, womn f0r opposite protile position downw ard load
1Fv.Rd = nxF, p, shea resistance value according to EN1933-1-3 o ETA
at each couplng point
Bending moment distribution ke for contirmous profile without taking into
account the highet stifiness at the suppon area.

b.) Verfication of the profile at intermediate support

Mecol (185M 551210 038 [-]
man Ve (18 0,210 008 [-]
Notice: Verification of interaction accarding to used type design must be done
additionally.
©.) Verfioation of the continuous profile at the end of the overap with the bending
moments My ¢, ot My ¢, and the kne load Fy,

Fra*Mggd(2xa) 176 [kNim)

maM g (M, 007210 011 [4]
FralRopip'’s10 008 [-)
Netice: Verification of interaction according to used type design must be done
additonaly.
d ) Check of the free end of the cantilever, if the kne load F g, introduced by the
oconnections K; may create web~crippling

e ) Verfication of the connections

Kea®* Mg /2w al2xsnilp)lnby, 030 [kN)
KeoltF 810 003 [-]

Figure 8.6.3d - Excel tab for assembly of continuous profile with local reinforcement - uplift
loading.
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Comparison between analytical result and Excel software result for assembly with double overlap
joint

For this comparison, analytical result (paragraph 8.5.3), is the reference.

Object Analytic Excel software Error [%]
Verification of the profile at intermediate support
Downward loading

Moment on support 0,699 0,70 0,14 %

Reaction on support 0,459 0,46 0,22 %
Uplift loading

Moment on support 0,178 0,18 1,12 %

Shear resistance 0,056 0,06 7,14 %

Verification at the end of the overlap
Downward loading

Applied load 5,83 5,83 0 %
Moment at the end of overlap 0,436 0,44 0,92 %
Shear resistance 0,225 0,23 2,22 %
Uplift loading
Applied load 1,76 1,76 0 %
Moment at the end of overlap 0,113 0,11 -2,65 %
Reaction resistance 0,085 0,08 -5,88 %
Check of web-crippling
Downward loading 0,561 0,56 -0,17 %
Uplift loading - - --

Verification of the connection
Downward loading

Load in connection 0,99 0,99 0%

Resistance of connection 0,283 0,28 -1,06 %
Uplift loading

Load in connection 0,30 0,30 0 %

Resistance of connection 0,085 0,09 5,88 %

Table 8.6.3a - Comparison between analytical and Excel tab results for assembly with double
overlap joint.

Analytical results were presented with 3 digits after decimal while Excel software presents results
with 2 digits. Consequently, more the result value is weak, more the error between Excel software
and analytical results is great.

If analytical results are presented with 2 digits, like excel software, error is less than £ 1 %. So
finally, values given by this software applying the design example are acceptable.

Comparison between analytical result and Excel software result for assembly of continuous profile
with local reinforcement

For this comparison, analytical result (paragraph 8.5.4), is the reference.
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Object Analytic Excel software Error [%]
Verification of the profile at intermediate support
Downward loading
Moment on support 0,699 0,70 0,14 %
Reaction on support 0,459 0,46 0,22 %
Uplift loading
Moment on support 0,178 0,18 1,12 %
Shear resistance 0,056 0,06 7,14 %
Verification at the end of the overlap
Downward loading
Applied load 5,83 5,83 0 %
Moment at the end of overlap 0,436 0,44 0,92 %
Shear resistance 0,225 0,23 2,22 %
Uplift loading
Applied load 1,76 1,76 0 %
Moment at the end of overlap 0,113 0,11 -2,65 %
Reaction resistance 0,085 0,08 -5,88 %
Check of web-crippling
Downward loading 0,561 0,56 -0,17 %
Uplift loading - - -
Verification of the connection
Downward loading
Load in connection 0,99 0,99 0 %
Resistance of connection 0,283 0,28 -1,06 %
Uplift loading
Load in connection 0,30 0,30 0 %
Resistance of connection 0,085 0,09 5,88 %

Table 8.6.3a - Comparison between analytical and Excel tab results for assembly of a continuous

Conclusion for this comparison is the same than previously for double overlap joint.

profile with local reinforcement.

43



Design Manual for Assembled profiles

GRISPE PLUS (&)

VALORISATION OF KNOWLEDGE
FOR SPECIFIC PROFILED STEEL SHEETS

BIBLIOGRAPHY

[1] CEN, EN 14782:2006 - Self-supporting metal sheet for roofing, external cladding and internal
lining - Product specification and requirements, Brussels, 2006.

[2] CEN, EN 1993-1-3:2007 - Eurocode 3: Design of steel structures - Part 1-3: General rule -
Supplementary rules for cold-formed member and sheeting, Brussels, 2007.

[3] DIN 18807-3:1987 - Trapezoidal sheeting in building - Trapezoidal steel sheeting — Structural
analysis and design, Berlin, 1987.

[4] CEN, EN 1090-4 - Execution of steel structures and aluminium structures — Part 4: Technical
requirements for thin-gauge, cold-formed steel elements and structures for roof, ceiling, floor
and wall applications.

[5] C. FAUTH, GRISPE - WP2: Assembled Profiles — D2.3 Test report, 2016.

[6] R.HOLZ, GRISPE - WP2: Assembled Profiles - D2.4 Test analysis and interpretation,2016.

[7] CEN, EN 1990:2002 - Eurocode - Basis of structural design, Brussels, 2002.

[8] CEN, EN 1990:2002/A1:2005 - Eurocode - Basis of structural design — Amendment Al,
Brussels, 2005.

[91 CEN, EN 1990:2002/A1:2005/AC:2010 - Eurocode - Basis of structural design — Amendment
Al - Corrigendum, Brussels, 2010.

[10] CEN, EN 1991-1-1:2002 - Eurocode 1: Actions on structures - Part 1-1: General actions -
Densities, self-weight, imposed loads for buildings, Brussels, 2002.

[11] CEN, EN 1991-1-1:2002/AC:2009 - Eurocode 1: Actions on structures - Part 1-1: General
actions - Densities, self-weight, imposed loads for buildings - Corrigendum, Brussels, 2009.

[12] CEN, EN 1991-1-3:2003 - Eurocode 1: Actions on structures — Part 1-3: General actions -
Snow loads, Brussels, 2003.

[13] CEN, EN 1991-1-3:2003/AC:2009 - Eurocode 1: Actions on structures - Part 1-3: General
actions - Snow loads - Corrigendum, Brussels, 2009.

[14] CEN, EN 1991-1-3:2003/A1:2015 - Eurocode 1: Actions on structures - Part 1-3: General
actions - Snow loads - Amendment Al, Brussels, 2015.

[15] CEN, EN 1991-1-4:2005 - Eurocode 1: Actions on structures - Part 1-4: General actions -
Wind actions, Brussels, 2005.

[16] CEN, EN 1991-1-4:2005/AC:2010 - Eurocode 1: Actions on structures - Part 1-4: General
actions - Wind actions - Corrigendum, Brussels, 2010.

[17] CEN, EN 1991-1-4:2005/A1:2010 - Eurocode 1: Actions on structures - Part 1-4: General

actions - Wind actions - Amendment Al, Brussels, 2010.

44



Design Manual for Assembled profiles

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

GRISPE PLUS (&)

VALORISATION OF KNOWLEDGE
FOR SPECIFIC PROFILED STEEL SHEETS

CEN, EN 1993-1-1:2005 - Eurocode 3: Design of steel structures - Part 1-1: General rules and
rules for buildings, Brussels, 2005.

CEN, EN 1993-1-1:2005/AC:2009 - Eurocode 3: Design of steel structures - Part 1-1: General
rules and rules for buildings - Corrigendum, Brussels, 2005.

CEN, EN 1993-1-1:2005/A1:2014 - Eurocode 3: Design of steel structures - Part 1-1: General
rules and rules for buildings - Amendment A1, Brussels, 2014.

CEN, EN 1993-1-3:2007/AC:2009 - Eurocode 3: Design of steel structures — Part 1-3: General
rule - Supplementary rules for cold-formed member and sheeting - Corrigendum, Brussels,
20009.

CEN, EN 1995-1-1:2005 - Eurocode 5: Design of timber structures - Part 1-1: General -
Common rules and rules for buildings, Brussels, 2005.

CEN, EN 1995-1-1:2005/AC:2006 - Eurocode 5: Design of timber structures - Part 1-1:
General - Common rules and rules for buildings, Corrigendum, Brussels, 2006.

CEN, EN 1995-1-1:2005/A1:2008 - Eurocode 5: Design of timber structures - Part 1-1:
General - Common rules and rules for buildings, Amendment Al, Brussels, 2008.

CEN, EN 1995-1-1:2005/A2:2014 - Eurocode 5: Design of timber structures - Part 1-1:
General - Common rules and rules for buildings, Amendment Al, Brussels, 2014.

CEN, EN 1993-1-5:2007 - Eurocode 3: Design of steel structures — Part 1-5: General rules -
Plated structural elements, Brussels, 2007.

CEN, EN 1993-1-5:2007/AC:2009 - Eurocode 3: Design of steel structures - Part 1-5: General
rules - Plated structural elements - Corrigendum, Brussels, 2009.

CEN, EN 1993-1-5:2006/A1:2017 - Eurocode 3: Design of steel structures - Part 1-5: General
rules - Plated structural elements - Amendment A1, Brussels, 2017.

45



GRISPE PLUS (&)

VALORISATION OF KNOWLEDGE

DeSIgI’l Manual for Assembled prOﬁles FOR SPECIFIC PROFILED STEEL SHEETS

ANNEX: AMENDMENT PROJECT SUBMITTED TO CEN

AM-1-3-2016-
08
Subject Assembled trapezoidal profiles (statically effective overlapping)
Clause No/
Subclause No/
Annex
Reason for No data in the actual version of EN 1993-1-3
Amendment
Proposed 1. cantilever above
Change

:=f FTUTTTEETEET

Megd Q| d‘ | *Klﬁd K “‘*
|
| 1
* RE.E:
a=01-/
[

a) Verification of the profile with the design resistance values (Mggg, Ry raB)
of the continuous profile in the support axis taking into account the
mfluence of support reaction (M-R-interaction).

b) Check of the free end of the cantilever, if the line load introduced by the
connections K; may create web crippling
- Downward load = negative bending moment
web crippling at the end of the cantilever
Fps=Mgrs/a < 0,5 Ryras
Ry rag 1s the ultimate support reaction at intermediate supports in the
opposite profile position (in general negative position) for the max. support
width, in general 1,5 = 160 mm (determined in GRISPE [1], that the design
resistance Ry, ran(160 mm) is suitable for this verification)

- Uplift load = positive bending moment
No web crippling possible at the end of the cantilever
¢) Verification of the connections Kgy

Kps=max K; = Mpgy/ a + Vg4l / (2*sin(@))*bg (Verification in one web)
Kgg/ EFre =10

with ZF, g4 shear resistance of the screws
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2.

a)

b)

cantilever underneath

M3 g4 G__Ec

Verification of the profile with the design resistance values (MrdB, RwrdB)
of the continuous profile in the support axis taking into account the
influence of support reaction (M-R-interaction).

Check of the free end of the cantilever, if the line load introduced by the

connections Kj may create web crippling

-  Downward load = negative bending moment

No web crippling possible at the end of the cantilever

- Uplift load = positive bending moment

No web crippling possible at the end of the cantilever
Verification of the connections Ked

KEd= max Ki = [MBEdl/(2*a*sin(p))*br (Verification in one web)
Kra/ ZFvRrda <1,0

with XFvrd shear resistance of the screws
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3. Overlap joint
___________ E-S—=——=——=—=——=——=——=—=-—=—=-—=—=—=—f-—————————=

I+ + + + + +

|

|

|

|

d - L

a a

- : -
overlapping length

Moment distribution
for downward load

a)

b)

d)

TRB.Eu

Determination of the bending moment distribution under design loads like
for continuous sheets (The influence of the higher bending stiffness at the
overlapping area, which is partly compensated by the slip and/or elastic
deformations at the connections, is neglected). Results: Mpra; RBEa; MiEq;
M2Ed

Verification of the profiles at the support axis with 90 % of the resistance
of the overlapping profiles (factor 0,9 determined in GRISPE [1]) taking
into account the influence of the support reaction (M-R-interaction):
MpED < 0,9 Y Mrap; Reep < 0,9 Y Ruras ; M-R-interaction

Verification of the continuous profiles at the ends of the overlap with the
bending moments Miga or Magd and the line loads introduced by the
connections Ki: FEd = Mpgd / (2a). Depending of the direction of the load
FEd relative to the web of the profile, the M-R-interaction or the M-V-
interaction has to be verified.

For downward load, FE4 is acting as a tension force on the webs of the
continuous profiles; M-V-interaction has to be verified.

For uplift load, Frd is acting as a compression force on the webs of the
continuous profiles; M-R-interaction has to be verified.

In both load cases, the resistance values of the profile in the opposite
position at intermediate supports apply for these verifications.

Check of the free end of the cantilever, if the line load introduced by the
connections Ki may create web crippling

- Downward load = negative bending moment
web crippling at the end of the upside cantilever
Fra= Mprs/(2a) < 0,5 RwrdB
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Rwprdp 1s the ultimate support reaction at intermediate supports in the
opposite profile position (in general negative position) for the max. support
width, in general l.g = 160 mm (determined in GRISPE [1], that the design
resistance RwRdB(160 mm) is suitable for this verification)

No web crippling possible at the end of the cantilever underneath

- Uplift load = positive bending moment
No web crippling possible, neither at the upside cantilever nor at the

cantilever underneath.

Verification of the connections KEd
with

Ked = max Ki= [MsEd/(4*a*sin(p))*br (Verification in one web)
Kgd/ XFypra <1,0
with YFvrashear resistance of the screws

Continuous profile with local reinforcement

[=————]

-t - L
a a

- -
reinforcement length

Moment distribution

L
|
|
|
|
|
|
: for downward load
|

|

Ma g4 M2 4

a)

b)

TRB.Ed

Determination of the bending moment distribution under design loads like
for continuous sheets (The influence of the higher bending stiffness at the
overlapping area, which is partly compensated by the slip and/or elastic
deformations at the connections, is neglected). Resulis: M4, ReEq; M1Ed;
M2 Ed

Verification of the profiles at the support axis with 90 % of the resistance
of the overlapping profiles (factor 0,9 determined in GRISPE [1]) taking
into account the influence of the support reaction (M-R-interaction):
Meep < 0,9 > Mrag; ReeD = 0,9 > Rurdp ; M-R-interaction
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¢) Verification of the continuous profile at the ends of the overlap with the
bending moments M1gd4 or M2g4 and the line loads introduced by the
connections Ki: FEa = Msggd / (2 a). Depending of the direction of the load
FEq relative to the web of the profile, the M-R-interaction or the M-V-
interaction has to be verified.
For downward load, Fe4 is acting as a tension force on the webs of the
continuous profile; M-V-interaction has to be verified.
For uplift load, Fra is acting as a compression force on the webs of the
continuous profile; M-R-interaction has to be verified.
In both load cases, the resistance values of the profile in the opposite
position at intermediate supports apply for these verifications.

d) Check of the free end of the cantilever, if the line load introduced by the

connections Ki may create web crippling

- Downward load = negative bending moment

web crippling at the end of both cantilevers

Fra=MgEd/(2a) < 0,5 RwrdB

RiwRrdp 1s the ultimate support reaction at intermediate supports in the
opposite profile position (in general negative position) for the max. support
width, in general l.g = 160 mm (determined in GRISPE [1], that the design
resistance RwrdB(160 mm) is suitable for this verification)

- Uplift load = positive bending moment
No web crippling possible at the end of both cantilevers

e) Verification of the connections Kga

with
KEed = max K; = |Mpzd/(4*a*sin(@))*br (Verification in one web)
KEa/ EFvra =1,0

with XFyrdshear resistance of the screws

Edge and hole spacings for statically effective overlapping (1.-4.)
P

F B
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Background
Information

[1] D2.5 Background and draft annexes for EN 1993-1-3 for assembled profiles,
31.10.2015, KIT
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