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Formal Basis

The current EN 14509 covers self-supporting structural
sandwich panels. Point and line loads extends the application
area outside the scope of EN 145009.

Therfore the extended application shall be regulated nationally

A new ECCS/CIB-document (N61) intends to provide guidance
on design, detailing and application of sandwichpanels with
point or line loads
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General Remark

Line- and point-loads occur on sandwich panels due to
additional use for the load transfer, e.g. because of
Installation of solar photovoltaic- or solar collector-systems on
the roof or of attached facades on the wall. This results in
additional loads which shall be taken into account as point- or
line-loads in the design of sandwich panels.
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Prior information notice

Special Solar Fasteners

In practice, also special solar fasteners are used for the
transfer of loads e.g. of solar photovoltaic-systems on the
roof directly to the substructure. By load distribution beams,
the loads are always introduced only into the special
fasteners, which are directly fixed through the Sandwich
panels on the substructure, e.g. the purlins.

This Is not subject of the following statements about point
and line loads.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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3 SYSTEMATIC
3.1 Line loads, vertical loads downwards (pressing)
3.1.1 Line loads transversely to the direction of the span

resultant line load
on load deistribution
beam photovoltaic

(VI3 3 V3V 3 3V VN ¥ ¥ ¥ ¥ ], clement
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N A . \ — J/fk\ to span direction

resultant line load
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3 SYSTEMATIC
3.1 Line loads, vertical loads downwards (pressing)
3.1.2 Line loads parallel to the span direction

continuous load distribution

y  beam \
N _'/*%/_ N M

continuous load

distribution beam,
i \L parallel to span
j/T /\ N\ direction inside of

_/ A the joint
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Deutsches
Allgomeine bausufsichiliche Zulassung Inllrllg: D I Bt
Nr. Z-10.4-540 vom 22. Mal 2012 Bautachnlk ,

Befestigung der Montagesehlene auf dem Dachelement ,FlscherTHERM D"

|Festpunk!:

o Monlageschisne eina Schraube nach allgemelner bavaulsichllicher Zulnssung Nr, Z-14-4-407

Langlschar: "Q ﬂ

——,

La Langloch mittig ein Presslaschenblindniet ALU 6,2 x 22,5 mil Scheiben @ 18 mm gemaB allgemsiner
bauaulsichilicher Zulassung Nr. Z-14.1-4

[Montageschiene mit Anbauteilen

Zvdschanhalter

Montagaschieny
Endhaltar

Tragende Sandwichelemenie "FischerTHERM® und "FischerFIREPROOF®
Wand- und Dachslemente

Varbindungen,
Belsstigung der Montageschiane aul dem Dachelement FlscherTHERM D"

w{i Dulsteohie 4 /

, g
—=Afiliige B, Biall 5.03

TATER 0w
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3 SYSTEMATIC
3.2 Point-loads
3.2.1 Point-loads, vertical loads, downward (pressing)

$ _mounting plates $/ mounting clamp
$ /short distribution beam
¥ Y
M - ™\ — J/'\
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Aligemelino bauaufsichtiiche Zulassung Deutsches
Nr. Z-10.4-683 vom 16. April 2014 Inltlﬁ
Bautechnik

DIBt

Befestigung der Trapezschelle “Fix 2000 KlickTop"

" MBa5A2
4
d 7 Flx2000 KickTop

_I o % Bohmchraube

= L taoemt 20,8 mm

8 Wm%wf?}
e ] Dachelamant PANEL

Yooz = 0,45 mm

Trapezschelle "Fix 2000 KlickTop"

bauaufsichtiicher Zulassung Nr. Z-14.4-428

.. Einpress-Gewindabolzen | __ Einpress-Gewindpbolzen
MBi25 A2 [ < MBX25A2
/_Tup-udu!n_ i P
) . Fix2000 KiickTop l s’ Fix2000 KEickTop
+ Bohrschrauba o8 . + _glf
2 ;dm 15 i 20
110 __

Trapezschalle *Fix 2000 KlickTop™. Nach aligemelner bauaufsichtiicher Zulassung Nr. Z-14.4-846
Der KlickTop Aufsalz ist entsprechend der Darsteliung In Richlung der
Schellenléingsachse anzuordnen (nicht verdraht).

Befestigung der Trapezschelle: Je Schelle 4 Bohrschrauben “EJOT JF3-2-5,6x26" nach aligemeiner

Z9anb4.13

Tragende Sandwichelemente "System Metecno" mit Stahldeckschichlen und einem
Kemwerhstoff aus Polyurethan-Harischaum;
Befestigung der Trapezschelle "Fix 2000 KlickTop" an den Stegen der trapazprofilierten Aniago 5.4
oberen Dackschicht der Sandwich-Dachalamente
14045002
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Allgemalng bauaufsichtliche Zulassung

Deutsches
Nr. Z-10.4-583 vom 16. Aprll 2014

sarcrt IRLDLLY

Befestigung der Trapezschelle "SingleFix-V"

- Moduftragprofil Solof§
.. Bohrschmube
Befesliger SingleFir-V
gt i ‘50&0 LI Mogulmgprofi
. PSR Soio05 E"l?""._ Mo
' [} H =

= : Befestiger
# . —{l—-—-—m-. N Mﬂh 88 _..n.ﬁ.r.s__.os.ﬁm'a'_‘l
R ﬂ_ 383,40 ‘I

.| — - —
E| .'~§,|,t' — i toomt 20,8 mm
3 Dachalomont Typ G4
- - 35 { (S15CO ROOF
DI:I'IITMHMTOPMEL
oo 2 0,45 mm

Trapezachelle "SingleFix-V" nach allgemeinsr bauaufsichilicher Zulassung Nr. Z-14.4-646
Befestigung der Trapezschelle: Je Schelle 4 Bohrachrauben bzw. Je Befestiger "SingleFix-\" 2 Bohrschrauben

"EJOT JF3-2-5,6:x25" nach allgemeiner bauaufsichtiicher Zulassung
Nr. Z-14.4-426

Tragends Sandwichalemente “System Metecno” mit Stahideckschichten und einem
Kernwerkstoff aus Polyurethan-Hartschaum;

Befestigung der Trapezschells "SingleFix-V" an den Stegen der trapezprofilierten Aninga 6.6
oberen Deckschicht der Sandwich-Dachalementa
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3 SYSTEMATIC
3.2 Point-loads
3.2.2 Point-loads, vertical loads, upward (uplifting)

Here particularly must be checked the " pulling out”
of the fixing from the outer face and a possible
local damage due of the fixing in the face regarding
the remaining load bearing capacity of the panels.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 22
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4 LINE LOADS

4.1 Line loads transversely to the direction of the span, vertical loads,
downward (pressing)

4.1.1 Special characteristics

If panels are loaded by a uniformly distributed line load
transversely over the whole width of the panel (e.g. with
load distribution beams), the load bearing behavior can be
checked easily with the common Sandwich theory. This
applies especially for panels with flat or lightly profiled
faces. For panels with profiled faces, this can be done only if
the distance of trapezoidal profiles is less than the
loadbearing width per rib.

Additionally the local compressive stresses in the panels
have to be checked.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 23
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4 LINE LOADS
4.1 Line loads transversely to the direction of the span, vertical loads,

downward (pressing)
4.1.2 Tests

If tests are required to define the load bearing width,
these should be carried out analogous to chapter 5.1.2

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 24
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4 LINE LOADS

4.1 Line loads transversely to the direction of the span, vertical loads,
downward (pressing)

4.1.3 Design

The base for calculation of the stresses and the design procedures
IS chapter E of EN 145009.

For the design regarding the ultimate and serviceability limit state
the stresses from the point loads shall be combined for a practical
design with all other relevant stresses according to chapter E,
EN 145009.

X F ~>andwich panel*
§ AN
F = design load = CII-/b
a. = line load
b = panel width
X = distance to the support

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 25
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4 LINE LOADS

4.2 Line loads parallel to the direction of the span, vertical loads,
downward (pressing)

4.1.3 Special characteristics

If panels are loaded by line loads parallel to the span
direction, the general structural behavior needs to be
clarified firstly. It has to be paid especially attention to
different thermal elongations of the beams and the
sandwich panels

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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4 LINE LOADS
4.2 Line loads parallel to the direction of the span, vertical loads,

downward (pressing)
4.2.1 Special characteristics

There are basically two possibilities of the structural behavior
1. Integrated structural behavior (composite unit):

In this case, the additional continuous beams are rigidly connected
with the panel, so that a new integrated system arises. The structural
behavior must be checked experimentally.

Special problems:
= Different stiffness's of the beams and the panel

< Connections between the beams and the panel, since they have to
transfer the shear forces due to the composite effect.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 27
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4 LINE LOADS

4.2 Line loads parallel to the direction of the span, vertical loads,
downward (pressing)

4.2.1 Special characteristics

2. Additive structural behavior:

In this case no composite effects between the additional
continuous beams and the panel should (must) be applied. This
can, for example, be achieved by long-holes at the fasteners. The
additional continuous beams only serve for a load distribution in
the longitudinal direction.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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4 LINE LOADS

4.2 Line loads parallel to the direction of the span, vertical loads,
downward (pressing)

4.2.2 Tests

For the integrated structural behavior completely new
Initial type tests (ITT e.g. according to EN 14509) are
necessary for the special composite unit, consisting of
the panel and the rigid connected additional continuous
beams, to define the relevant design values.

For the additive structural behavior full scale tests have
to be performed. The failure loads of these tests shall be
compared with the failure loads of the panels without
additional continuous beams and with a uniformly
distributed load (see chapter 5.2.3).

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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4 LINE LOADS
4.2 Line loads parallel to the direction of the span, vertical loads,

downward (pressing)
4.2.3 Design

For the integrated structural behavior the design must
be done with the design values defined out of the
tests on the base of a new specified design procedure.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 33
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4 LINE LOADS

4.2 Line loads parallel to the direction of the span, vertical loads,
downward (pressing)

4.2.3 Design

For the additive behavior, there are three approaches:

a) For the practical application all tests shall be performed
analogous to the ITT tests according to EN 14509 with line
loads and the relevant design values shall be defined.

b) Butagood way is also to define load bearing width. This can be
done if the achieved failure loads for linear loads are compared
with the achieved failure loads for uniformly distributed load. If
the load bearing width should be directly determined, it has to
be ensured that all possible faillure modes, static systems and
panel dimensions must be checked.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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4 LINE LOADS
4.2 Line loads parallel to the direction of the span, vertical loads,

downward (pressing)
4.2.3 Design

For the additive behavior, there are three approaches:

c) To reduce the number of tests, there is also a simplified
procedure possible, only with confirmation tests. There will be
carried out confirmation tests only due of the fact that for
concrete-filled trapezoidal sheets as there are already defined
loadbearing widths given in the German DASTD directive 240
for linear loads

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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4 LINE LOADS

4.2 Line loads parallel to the direction of the span, vertical loads,

downward (pressing)

4.2.3 Design
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Doutsches
Allgamelne baunufsichilichs Zulasaung Institut
Nr, Z-10.4-540 vom 22. Mal 2012 Hautachnlk
Mitwirkende Breiten (rechnarische Lastvenellungshreiten)
Quer zur Spannrichtung bel Linlen- und Elnzellasten
Elnzellasten Linlenlasten
1 3 3 4
Statischas Systam Mitwitkende Breite | Glltigkelts- | Mitwirkende
Schnittgrifen b, grenze Brelte b,
Elnfeldtriger
[uhasanipey
my by = ADmm 4 2+ (1 =2} b, =131+
PR -
[=F=1r
Qurlsui s iy
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[& &, Y
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-
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0=xxl —————
Hlumarenl
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Dl Mitwirkende Bralte kst symetrsch zum Lastschwerpunkt anzusetzen, sle darf nicht groter
handesie Baubrelte des Sandwichelerments sein.

x= Achsabstand der Einzellast (Soglast) vom Auflager

L™

Wiind- und Dachelomente

Tragende Sandwichalemanta *FischerTHERM® und “FlscherFIREPROOF*

Mitiragende Brefle bal Linien- und Einzellasten
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Dautsches
Allgemaine bauaufeichilichs Zulassung Inlll:[u:
1!
Mr. Z-10.4-540 vom 22. Mal 2012 Bautechnik
Mitwirkende Brelten (rechnerlsche Lastvertellungsbrelten)
Quer zur Spanntichtung bel Linlen- und Elnzellasten
Einzellasten Linlenlasten
1 F] 3 4
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Dia Mitwirkendle Brelte Ist symetrisch zum Lastschwaerpunkt anzusetzen, sie darf nicht o el
handene Baubreite des Sandwichelements sein,

%= Achsabstand der Einzellast (Soglast) vom Auflager
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Tragende Sandwicheloments *FischerTHERM® und *FischerFIREPROOE” a——
Wand- und Dachelementa
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4 LINE LOADS
4.2 Line loads parallel to the direction of the span, vertical loads,

downward (pressing)
4.2.3 Design

For the additive behavior, the approache c):

Tests with e.g. simply supported panels can be carried out and the
results can be compared e.g. on calculated stresses with full and with
loadbearing widths.

ow ;few 1 wrinkling stress, shear strength with uniformly distributed load
owi;fev s Wrinkling stress, shear strength with line load (test result)
b: full panel width

b, load bearing width
If GW,L; va,L 2 GW ; va — bW — b
o
If Gw,L; va,L < Oy ; va — bw =Wl b, bw = vl b
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4 LINE LOADS
4.1 Line loads transversely to the direction of the span, vertical loads,

downward (pressing)
4.2.3 Design

With the results from the tests or the defined load bearing
widths analogous to the trapezoidal sheets, the stresses of
the line loads can be calculated directly on the base of
chapter E of EN 14509 (see sketch).

g

LV v Vv v v vV vy v
 EAN 7\ 3

. b
design load = g, * By

q, = line load
b = full panel width
b,, = load bearing width

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH 40
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5 POINT LOADS
5.1 Point loads, vertical loads, downwards (pressing)

5.1.1 Special characteristics

If the loading of sandwich panels are point loads due
to vertical loads without distribution beams it has to
be assumed, that the position of the point loads can
be at any place both in the transverse direction and
In the longitudinal direction.

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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5 POINT LOADS
5.1 Point loads, vertical loads, downwards (pressing)
5.1.1 Special characteristics

For load distribution beams transversely to span
direction, which are not provided over the full width of
the panel the stresses shall be calculated also with
point loads. Short beams and eccentric loads (load
groups) may require additional considerations.

i /short distribution beam
Y =
M ~ M\ - J/'\

Prof. Dr. Klaus Berner ¢ iS-engineering GmbH
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S POINT LOADS

5.1 Point loads, vertical loads, downwards (pressing)
5.1.2 Tests

To cover all possible effects due to point loads under all possible
load positions only per testing (design by testing), a very large
number of tests would be required. It would need tests for each
panel type, all static systems with all load positions.

For more-span-panels the experimental effort would be even higher,
since various relevant load position combinations have to be tested.

point load point load
first flange second flange

v v
[
05eL &M [oast
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5 POINT LOADS
5.1 Point loads, vertical loads, downwards (pressing)

5.1.2 Tests

But with these test results it would be possible then to
define load-bearing widths, respectively by comparison
with the test results (failure loads), obtained by tests
with uniformly distributed load.

To reduce the number of tests but still ensure an
accurate design the following simplified procedure is
proposed
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5 POINT LOADS

5.1

Point loads, vertical loads, downwards (pressing)

5.1.3 Design

Only confirmation tests must be done, as there are already
for concrete-filled trapezoidal sheets defined load bearing
widths given in DIN 18807, Part 3, Table 2 for point loads
(see Annex Il). If these widths are accepted tests can be
targeted, for example for one span panels Iin above-
mentioned way and the results, e.g. the calculations of the
stresses, can be compared to stresses with the results for
full width (see chapter 2.2.3).

If the values for the load bearing width defined with the
tests are greater than or equal to, it can be assumed that
also other load bearing widths of the list can be used also for

other systems, e.g. for multi span panels.
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5 POINT LOADS
5.1 Point loads, vertical loads, downwards (pressing)
5.1.3 Design
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5 POINT LOADS
5.1 Point loads, vertical loads, downwards (pressing)
5.1.3 Design

With the defined load bearing widths the stresses of the point
loads can be calculated directly on the base of chapter E of
EN 14509 (see sketch). For a practical design the stresses have to
be combined with the stresses of other load cases. The design
procedure of EN 14509 can be applied directly.

F
X

2 VANIEEE:
F = design load = F * bi
W
F = point load
b,, = relevant load bearing width,
depending on the load position
X = distance to the support
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5 POINT LOADS
5.2 Point-loads, vertical loads, upward (uplifting)
5.2.1 Special tasks

Regarding the stresses of sandwich panels due to
uplifting point loads (e.g. by wind suction) it can be
assumed that the structural behavior of sandwich
panels can be determined in the same manner as point
loads due to pressing loads because the load bearing
widths are in principle independent of the load
direction. Thus, the design of the panels can be done
also in the same way as in chapter 5.1.3
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5 POINT LOADS
5.2 Point-loads, vertical loads, upward (uplifting)
5.2.1 Special tasks

In addition to the special procedure for the design of
the panels with point loads, however, still two more
Issues must be considered.:

a) Characteristic values for each of the special types
of fixing are required for the definition of pull out
values of the fixings from the upper face, which
must be determined by tests especially to capture
the local effects.

For the procedure of the pull out tests and the
evaluation specific ECCS Recommendations shall
be used.
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5 POINT LOADS

5.2
5.2.1

b)

Point-loads, vertical loads, upward (uplifting)
Special tasks

In cases where the above mentioned characteristic values are
used for the design, is not excluded that in the upper face in
the area of the fixings local defects or damages, such as
delamination of the faces from the core, bubbles or holes due
of pull out of the screws etc. occur when reaching the failure
loads of the fixings. These local damages in the face can have
an influence on the structural behavior of the panels, because
In the area of the damages early buckling or wrinkling can
arise and thus expected to lower failure loads of the panels.
To check the structural behavior with eventually local
damages in the upper face there are special tests required
(see 5.2.2).
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5 POINT LOADS
5.2 Point-loads, vertical loads, upward (uplifting)
5.2.2 Tests

For checking the structural behavior of panels with local damages in the
area of the fixings the following tests are recommended:

= Full scale tests with panels and undisturbed faces: Determining the
failure loads.

= Full scale tests with panels and faces with local damages due to pull
out of the fixings: The damages of the outer face may be provided
realistically before the full scale test by pulling out of the fixings
directly on the panel analogous to the test conditions for the
determination of the pull out values after dynamic preload until
failure of the fixing.

= By comparing the failure loads of the panel tests, with and without
local damages the influence of the defect can be detected and the
reduction of the load capacity of the panels with fixings on the
outer face can be defined for the practical design.
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5 POINT LOADS
5.2 Point-loads, vertical loads, upward (uplifting)
5.2.2 Tests

Tests to determine the load bearing widths
for uplifting point loads are not necessary,
since the corresponding values can be
taken over from the tests of pressing point
loads
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