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Stabilization effect on portal frames given by ssed skin action of
sandwich panels

Zs. Nagy, M. Nedelcu & A. Déxz
Technical University of Cluj-Napoca, Cluj-NapocayiRania

ABSTRACT: Previous research studied the influence of thehdagm effec on the behaviour of pitched ro
portal frames, having Z purlins and corrugated shgeas cladding. Research results emphasizedabéiz-
ing effect on portal frames by taking into accotlna lateral constraints ensured by a typical clagldystem —
Z purlins with one layer of sheeting panels. Furitedies are focusing to extend the knowledgeifferent
cladding systems. Present study is dedicated ffimg system with Z purlins and sandwich panelse Pphr-
pose of the paper is to simulate in 3D portal franwalels with the stabilizing effect given by sanchvpanel
covering. In the proposed methodology the diaphratifimess of the sandwich panels was determinati/&n
ically, in order to create an equivalent plate dragm, which could be implemented in the 3D stnadtu
model. The simulations show clearly the effecthaf toof diaphragm on the lateral stiffness increxdgtbe in-
ternal frames, which can affect the design of taene components or the integrity of the claddirgjeay.

1 INTRODUCTION (trapezoidal) steel sheeting and are not suitatdle f
stressed skin design using sandwich panels.
The popularity of using sandwich panels for exterio  The stabilizing effect of sandwich panels on sin-
cladding is in a constant rise since they serva as gle steel structural elements, like beams and cagum
barrier against weathering effects, while also mtov was extensively studied in relevant literature, thet
ing the necessary thermal insulation at the sameffect on the global structure as a whole was yarel
time. Besides the typical technological advantagesonsidered. In the study conducted by Lindner &
such as quick erection time, they can also caroy su Gregull (1989) the calculation procedure for the to
stantial loads through their planar surface (Kodeha sional restraint coefficients provided by sandwich
2002), which is completely disregarded in the curpanels were presented for beam members. In more
rent day-to-day design procedures. By acknowledgrecent years, the European research project EASIE
ing the load carrying capabilities in design, the(Ensuring Advancement in Sandwich Construction
sandwich panels become load-bearing structurdhrough Innovation and Exploitation), which was
components, not just secondary envelope elementsarried out between 2008 and 2011, focused among
This means that special considerations must betakether things on the development of a design model
in the construction phase as well as the maintenant¢o determine the stabilizing effect of sandwich pan
phase of the structure. els on single structural members, as well as tearsh
The term stressed skin effect is often used whestiffness and load bearing capacity of a single dia
considering the diaphragm behaviour of the stegbhragm (Ké&pplein & Misiek 2011). Later on, this
sheet cladding, the study of stressed skin design dwork was at the basis of the European Recommenda-
ting back to the early 1950s. Over the years, dimul tions on the Stabilization of Steel Structures by
tude of design procedures were developed to quantsandwich Panels (ECCS Technical Working Group
fy the positive effects of the steel sheet claddingTWG 7.9 & CIB Working Commission W056
such as calculation procedures published by Daviea014), prepared by the European Joint Committee on
& Bryan (1982), European Recommendations for th&andwich Constructions. A journal article by Jaya-
Application of Metal Sheeting acting as a Dia-singhe et al. (2004) proposed a design methodology
phragm — Stressed Skin Design (ECCS Technicah which 3D structural modelling was combined
Working Group 7.5 1995) and the Romanian codevith the results of an experimental program, accord
provisions NP 041 (2001). However, the aboveing to which the sandwich panels could be modelled
mentioned calculation procedures are developed Hyy equivalent diagonal members. Among other ex-
considering diaphragms built up of only corrugatedperimental investigations of the sandwich panel dia



phragm rigidity, the studies carried out by Geocges els consisted in SHS40x4 profiles, which were weld-
et al. (2014) and Kunkel & Lange (2015) could beed to the top flanges of the frame beams. The exter
mentioned. nal face sheet of the sandwich panel had a thisknes

of 0.4 mm, while the internal sheet thickness wéas 0

mm. The panels were fastened on the short side to
2 METHODOLOGY the SHS40x4 profiles by using EJOT JT3 D6H
5.5/6.3 screws in every second valley, at a digtanc
of 175 mm from each other (Kunkel & Lange 2015).
The aim of the research was to implement the calcu- The experimental frame was fixed on one side
lated sandwich panel diaphragm stiffness of a singland testing was carried out in a displacement-
panel in the design of a global structure, in otder controlled manner by using a hydraulic jack, simila
observe the stressed skin effect. This way tha-tradly to the schematic deformation representation of a
tional bracing systems of the structure could be resandwich panel diaphragm depicted in Figure 1.
placed partially or even totally by accounting be t
stabilizing effect of the roof cladding in the dgsi
phase of a structure.

The stiffness and the corresponding shear angle « F T ’
the diaphragm composed only of the sandwich par I I
els was determined by using the methodology deve I I
oped during the EASIE project (Kapplein & Misiek
2011) and also presented in the European Recor
mendations on the Stabilization of Steel Structure —
by Sandwich Panels (ECCS Technical Working
Group TWG 7.9 & CIB Working Commission
WO056 2014). Two major assumptions were consid
ered in the calculation procedure, according toctvhi
the seam fastenings between the sandwich pane
were completely disregarded and the overall stiffne
of the diaphragm was governed by the fastenings b I I
tween the sandwich panels and the substructure (pt ! I
lins). The analytically determined stiffness values
were used to calibrate an equivalent structuralehod =
of the diaphragm, using the structural analysis- sof
ware Consteel. The diaphragm was replaced in th&gure 1. Schematic deformation representation sardwich
structural model by a plate element, having theesanpanel diaphragm.
thickness as the considered sandwich panel and the , . .
material model of which was adapted by changin In the f!rst step th_e stiffness and shear strain of
the E-modulus in such a way to obtain the same pafi€ Sandwich panel diaphragm was calculated analyt-
el edge displacement as the analytically calculatelfa!ly: then a similarly configured 60 mm thick f#a
value, running a first order elastic analysis of th Was defined using the structural analysis software
model. The plastic material definition was not of COnsteel. By defining the plate material E-modulus
importance, since the analysis was carried ouén t €9ual 10 12.235 N/mfn Poisson factor as 0.3 and

elastic domain. The calibrated plate was then mco,defin?gdaf finite element r?izel 01; 100 Ir_nm,_ the ob-
porated into the 3D structural model, taking inte a (&iN€d deformations at the load application point

count the fastener distribution between sandwic@ggeledl with the calculated values, as presented in
panels and purlins, as well as purlin and beam con-2P'€ *-

2.1 Procedure

nections. Table 1. Diaphragm displacement comparison.
L Applied force Analytical value Consteel value

2.2 Procedure validation N o oy

The methodology presented was tested by comparing 1 4.377 4.378

the panel edge displacement obtained by the present 5 21.886 21.890

ed methodology with the results of the frame exper- 10 43.773 43.780

imental testing conducted by Kunkel & Lange__ 1° 65.660 65.670

(2015).

The considered frame (6m x 6m) for the method- The second step consisted in determining a simi-
ology validation was composed of two HEB260larly configured frame structure as the one used in
beams connected by two HEB140 secondary beamghe Kunkel & Lange (2015) experiment and applying
The substructure for the 60 mm thick sandwich panthe equivalent plate diaphragm to the frame model,



through link elements placed at the position ofheac
screw, in order to account for the vertical ecdentr
ty. The results showed, that the analytical diagima
stiffness calculation combined with the program as
sisted structural analysis is a linear approxinmgtio
which provides a good estimation of the experi-
mental results in the linear-elastic domain (Fig. 2

Consteel structural model
of 6m x 6m frame with

—®— 60 mm thick sandwich
panel diaphragm.

25

Figure 3. Plain structure: Structure without rocédings, pur-

Experimental test lins and sandwich panel cladding.

results by Kunkel &
Lange (2015),
considering 6m x 6m
frame with multiple
sandwich panel

...... thicknesses and
loading directions.

Force (kN)

0 100 200 300 400

Displacement (mm)

Figure 2. Comparison between the results of thes@ehframe
model and the experimental results obtained by kL&
Lange (2015).

3 CASE STUDY
3.1 Structural configuration Figure 4. Braced structure: Structure with roofcimgs and
Three structural configurations were consideredvithout purlins and sandwich panel cladding.
from a structural analysis point of view in order t
observe the stressed skin effect, one without aoly r
bracings or sandwich panels (Fig. 3), one with only
flexible roof bracings (Fig. 4) and one with only
equivalent plate diaphragm, representing the sanc
wich panel cladding (Fig. 5). The sandwich panels
were assumed to be fastened to the substructure T
EJOT JT3 D6H 5.5/6.3 screws (Fig. 6). The dimen:
sions of the considered structural members were ¢
follows:

» Columns: 2xC250/3

» Beams: 2xC250/3

» Eaverafters: SHS80x4

* Ridge rafters: SHS100x4

« Wall bracings: @30 Figure 5. Cladded structure: Structure with purlisandwich
 Roof bracings: @20 panel cladding and without roof bracings.

* Purlins: Z200x66x74/2

Sandwich panel: TeraSteel ISOAc5 — 60 mm

‘ 750 ‘

The structure had a span of 6 m and three bays o280
3 m each, reaching a total length of 9 m. The Hheigt /| W /‘H‘ W\ W\ )
was considered as 2.6 m at the eave and appro | : I | U\E"g

mately 3 m at the ridge. In all cases the columusen |
were considered as hinged.

1000 ‘

Figure 6. Schematic configuration of TeraSteel ks®Aand-
wich panel and screw positions.



The essential details for the ridge, respectivety f
the eave nodes are presented in Figures 7-8. During )
the analysis phase, two cases were considered, one : .
when the nodes were assumed to be completely rigid —
and a second case, when the nodes were considere—=
as semi-rigid. In the case of the semi-rigid jaitie
stiffness values of the joints were introducedha t
Consteel model, as determined for the similar tyfpe
joints by Fodor (2014):

* Ridge joint rigidity: 2948 kNm/rad

* Eave joint rigidity: 2062 kNm/rad

Figure 9. Purlin connection detail a) at ridge @ade with a
UPNSG65 profile b) with an L200x100x5 profile.

Dx = =0.3 mm
Dy = 11.5 mm

AP,

L

Figure 10. Purlin connection shell models, subgbdtea unit
load on upper flange of Z purlin.

Dy = 2.8 mm

Dy = 11.5 mm

Figure 8. Eave joint detail. |

3.2 Purlin connection calibration l \

The purlin to beam connections were calibrated ir -
order to account for the connection flexibility.&'& |
profile purlins at the eaves and at the ridge wer: H
fixed with the help of a UPNG65 profile (Fig. 9a),
\|/_v2h(i)|(e)x]:[88x5mgjr((j)lfﬁe F)(l;rilgi]ngb\,)va\s,vhcizgr?nper((:)t\?gd lg())/ baenFigure 11. Equivalent purlin connection models,jsated to a
more flexible than the UPN65 connection. unitload on upper flange of Z purln.

The calibration was performed in three steps:
Step 1: Develop shell models in Consteel of the two3.3 Structural model and results
connection types (Fig. 10).
Step 2: Application of a unitary load on the upper
flange of the purlin, in order to account for thane
nection flexibility and the Z profile distortion.
Step 3: Defining an equivalent purlin connector, us-
ing bar element, which would produce the same d
formation for a unitary load as the model from Ste

The diaphragm panels were calibrated in a similar
manner as for the experimental validation phase.
Two 3m x 9m diaphragms were considered, which
were divided by the ridge. The displacement pro-
duced by a unit load for the sandwich panel dia-
dhragm according to the analytical evaluation was

; : ) 4.431 mm, displacement which was also obtained in
2 (Fig. 11). The Z purlin remained modelled aslsheli,n consteel model of a 60 mm thick equivalent

element and the length of the equivalent connectqf|ie haying the same dimensions as the diaphragm.
was considered as the distance from the beam@xistpg gisplacement of the equivalent plate was cali-
the last screw, in order to include the vertica@le®e 5104 by defining the material E-modulus as 134.5
tricity. The line on the Z purlin web, where theneo  nymm2 and finite element size of 100 mm. The cali-

Bﬁgt;r element was placed was defined as a rigiated plate was then incorporated into the 3Dcstru



tural models, by connecting it to the purlin upperTable 2. Structural model displacements and axial
flange, via link elements disposed at the posiobn forces in wall bracing in the case of rigid joints.

each screw (Fig. 12). Structure type Displacements Axial force in lmgc
mm kN
Plain structure 33.6 111
Braced structure 5.0 37.1
Cladded structure 9.3 32.9

Figure 12. Connection of the equivalent plate t® plrlin up-
per flange, via link elements.

Considering the 3D structural models, the Z pur-
lins were modelled as shell elements, while every-
th",]g else was mpdelled as bar_ element. The S,elf—'lgure 14. Magnified displacement results of clatdeucture
weight of the purlins and sandwich panels were infrom Consteel.
cluded in the analysis. The capacity of the plain
structure with rigid joints was reached by loading  3.3.2 Semi-rigid joints
intermediate frames with point loads of 40 kN, as The displacement and the axial force in the wall
shown in Figure 13. Thus, this loading was applietbracings in tension in the case of semi-rigid int
for each analysed structure. The structural digplac are presented in Table 3. The axial force in theé en
ment at the point of load application and the axiaframe wall bracing for the cladded structure can be
force in the end frame wall bracings were checkedeen in Figure 15.
and recorded.
Table 3. Structural model displacements and axial
forces in wall bracing in the case of semi-rigid

joints.

Structure type Displacements Axial force in lmgc
mm kN

Plain structure 66.0 22.3

Braced structure 5.9 41.1

Cladded structure 11.3 39.3

Figure 13. Consteel model of plain structure, shgwthe ap-
plied load of 40 kN on the two intermediate frames.

3.3.1 Rigid joints
The displacement and the axial force in the ent
frame wall bracings in tension for the three consid
ered structural configuration types and rigid béam
beam and beam to column connections are present
in Table 2, while the displacement in the directodn
the loading for the cladded structure can be seen .
Figure 14. o _ Figure 15. Consteel axial force in end frame wailding for
The maximum utilization percentage for the plainthe cladded structure.
structure was evaluated to 98.4 % at the interniedia
frame beam, which reduced to 26.1 % after adding By including the connection stiffnesses of the
the equivalent plate and to 22.1 % in the cas&é®f t main joints a more realistic structural model is ob
braced structure. tained, having larger deformations and lower mem-

35.26 kN
~




ber utilization percentages. The maximum utilizatio stiffnesses into the model, roof braces will be eom
percentage for the plain structure was of 83 %pulsory. Inadequate stiffness of the bracing system
which was lowered to 24.1 % by adding roof bracwill make the sandwich panel cladding to have great
ings and to 17.7 % by considering the sandwich pannfluence on the lateral displacements, but with
el roof cladding. damage possibilities of the cladding system.
Due to the assumptions of the analytical calcula-
tion procedure the stiffness of the sandwich panel
4 DISCUSSION AND CONCLUSIONS diaphragm is highly dependent on the type and num-
ber of used screws, as well as the sandwich panel
The presented methodology showed good correldace thickness, yielding an approximate stiffness
tion with the experimental results of Kunkel & value, which could be improved. Since the seam fas-
Lange (2015), which means that the methodologyeners were disregarded in the analytical evaloatio
could be used as an approximative and relatively fafurther research should be carried out in ordeatto
procedure, running linear elastic analysis in otder serve their influence on the diaphragm stiffness an
include the stressed skin effect of the sandwiai pa develop a more refined calculation procedure.
els in the currently used structural design prooedu
combining analytical calculations with the capabili
ties of a structural analysis software. However, i6 REFERENCES
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