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Design of composite skin panel for roof in accordance with
the requirements EN 1995-1-1 and IBH B.1.2.-2:2006
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In the article design of composite (timber and plywood) skin panel has been considered according European and national
standards.

The panel consists of timber webs and plywood skin. The design parameters are depth of webs and distance between webs
within the defined skin parameters.

In design the method of fictitious cross-section is applied. Check of the ultimate limit states is conducted in accordance with
EN 1995-1-1 (JIBH B.2.6-161:2017). Loads to the panel are determined according to JIGH B.1.2.-2:2006.

The usage of European and national standards complies with the actual requirements and widen methodological base.
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IIpoexkTyBaHHs Kiiee(haHEPHOI MAHE i MOKPUTTH
y BigmoBigHocTi 10 Bumor EN 1995-1-1 i JIBH B.1.2.-2:2006

C.®. Hiuyrin *, C.B. llIkipenko

! TlonraBchkuil HaNiOHATBHMI TeXHIYHMI yHiBepeuTeT imeni FOpis Konapatroka
2 TlonTaBchbKuii HALliOHATLHUI TeXHIYHMH yHiBepcuTeT iMeni IOpis Konjpatroka
*Anpeca i muctysanns E-mail: pichugin.sf@gmail.com

B cTarTi pO3rISHYTO MPOEKTYBAaHHS KOMIIO3UTHO! IAHENl NMOKPHUTTS y BiAMOBIAHOCTI O €BPONEHCHKHX 1 HAI[IOHATBHHX
OyniBEIBHUX HOPM.

IManerni kommo3uTHOTO THITY (IepeB’sHi pebpa i obmmBKa 3 harepn a6o OSB) 4acTo 3aCTOCOBYIOTHCS TSl TOKPUTTSI JIETKOTO
Tumy. JIIsT KOHCTpYKIiH, sIKi MaloTh y CBOEMY CKJIQZI Marepiaad 3 Pi3HUMH (Di3MKO-MEXaHIYHUMH BIIACTHBOCTSIMH, IPH
MIPOEKTYBAHHI 3aCTOCOBYETHCS METO| 3BEICHOI0 Iepepidy, M0 3HAYHO CHPOIlye po3paxyHKU. OCKUTBKH OOMIMBKY TaHEel
3HAXOMATHCA B GiNbII HAIPY)KEHOMY CTaHi HiK peOpa, Matepian pebpa (IepeBHHa) IPUBOIUTHCS 0 MaTepiary OOIIMBOK 3a
nmoromoroio  koedimienra mpuBeneHHsA. KoegilieHT npuBeneHHS 3HAXOOWTHCSA SIK BiJHOIICHHS MOIYIIB IIPYXHOCTI
MarepialiB. SIk IpHUKIaz, B CTATTi HABEJCHO KOHCTPYKTHBHUM PO3PAXyHOK 3a IIEPIINM TPAHIIHAM CTAHOM.

OcraHHs peaKiiisi HAIiOHATBPHIX HOPM IIO0 PO3PaxyHKy AepeB’siHux koHcTpykmiit (IBH B.2.6-161:2017, [9]) noBHicTio
Ga3yeTbcsi Ha €BpOMEHCHKHX OymiBenmbHEMX craHmaprax EN 1995-1-1, [8]. 3 mmx MipKyBaHb B CTAarTi PO3TILIIAETHCS
MIPOEKTYBAHHS KOHCTPYKIIi BiJIOBIHO OO OpHUTiHATBHOTO JpKepena. HaTomicTe BH3HAYEHHS XapaKTEPHUCTHUK MIITHOCTI
PEKOMEH/IYEThCSl BUKOHYBATH BiNOBIAHO N0 HanioHansHux HOpM JIBH B.2.6-161:2017, siki 0qHOYAaCHO BUKOHYIOTh (QYHKIIT
eBpomneiicekoro craugapry EN 338. HaBanrtaxkeHnHst Ha maHenb BH3Ha4YaroThes BiamosigHo mo JIBH B.1.2.-2:2006, mio € He
TIBKM TPaJUIifHUM B HAI[IOHAIBHIM METOMOJNOTrii NMPOEKTyBaHHS OyiBEIbHHX KOHCTPYKIiH, aje ¥ Ha XyMKy aBTOpiB
OlyIbIIe BiATIOBiKA€ KPUTEPIsSIM HaIHHOCTI.

3acTocyBaHHS B pO3paxyHKaxX OJHOYACHO HAaIiOHAJIBHUX 1 €BPOMEHCHKUX MPOEKTHUX HOPM BiAIOBiA€ CydaCHUM BHMOTaM i
TMOIINPIOE METOAOJIOTiYHy Oa3y.

KuniouoBi cioBa: xineehanepHa naHeIb MOKPUTTS, IPOSKTYBAaHHS OymiBEIbHUX KOHCTPYKIiH, HABaHTAXXCHHS Ha Oy/iBeIIbHI
KOHCTPYKIIi{



Introduction. Nowadays new building codes
adapted to European ones are used in Ukraine. There
is a need to adapt the design methodology for the
elements of timber structures.

Two-sided composite (timber and plywood or OSB)
skin panel are most common. This type of panels
design as a typical glued thin flanged internal I-beam
with flanges on the top and bottom faces and subjected
to a moment.

Review of the latest research sources and
publications. Design methods of composite skin
panels for products in USA, Canada, Europe are
considered in publications [1,2,3,4]. As the flanges are
thin, the stress in each flange due to bending is
effectively an axial stress and the design value is taken
to be the average value across the flange thickness. In
calculating section properties for stressed-skin panels,
the designer must take into account the composite
nature of the unit. Unless all materials in the panel
have similar moduli of elasticity, some method must
be employed to make allowance for the differences.
Different moduli of elasticity may be reconciled by
the use of a «transformed section». The transformed-
section approach is common to structural design of
composite sections. It consists of «transforming» the
actual section into one of equivalent strength and
stiffness, but composed of a single material. Sections
are generally transformed to the material of the most
highly stressed portion of the panel.

The design requirements for the web are that it must
be able to support the flexural stresses that arise, that
the shear stress in the web must be acceptable, and
that the glued joints between the web and the flanges
must be able to transfer the horizontal shear stresses at
the interface.

Definition of unsolved aspects of the problem.
European design recommendations are based on the
Eurocode load standards [5, 6]. Loads for building
Ukrainian constructions can be used according rules of
Ukrainian standard JIBH B.1.2.-2:2006 [7]. Dead
loads determined rules of chapter 5 of JIbH B.1.2.-
2:2006 [7]. Snow (variable) loads determined rules of
chapter 8 of IBH B.1.2.-2:2006 [7].

Problem statement. This article discusses the
possibility of using the Ukrainian standards for loads
on building constructions and European standards for
design timber structure elements.

Basic material and results. Consider designing of
composite skin  panel accordance with the
requirements EN 1995-1-1 [8]. Typical two-sided
composite (timber and plywood) skin panel is used as
a roof member for different types of roofing materials.
Plywood is used for top and bottom skins of panel and
timber is used for webs of panel.

For design of composite skin panel can be used rules
of Ukrainian standard JIBH B.2.6-161:2017 [9] which
is based on rules EN 1995-1-1. In Ukraine should be
use characteristic values of strength classes according
JIBH B.2.6-161:2017 [9].

The effective flange width concept applies to flanges
in compression and in tension, and unless a more
detailed calculation is carried out, in accordance with
the requirements of 9.1.2(3) [8]. The effective flange
width, bes, as shown in Figure 1, for internal I-shaped
sections, will be as follows ([8] eq. (9.12)):

Detc = Deer + bw and bert = brer + by .

Effective flange width of an I-beam section of the
panel ([8], 9.1.2):

in compression ([8], Table 9.1),
beer < min{ 0,1-L; 20-d¢ };
in tension ([8], Table 9.1),
brer <0,1-L (only shear lag).

Designations accepted in the formulas: bcer — design
width of the flange in compression; b: e — design width
of the flange in tension; by, — design width of the web;
L — span of panel; ok - top flange thickness; dy —
bottom flange thickness.

The values beer and bier should not be greater than
clear distance between webs by .

Panel has a cross-section of two different materials it
is convenient to go transformed section or fictitious
segtion.
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Figure 1 — Transform cross-section as I-beam.
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Coefficient for transformed section, as ratio of
modulus:
Ne= Eo.mean / Epiw.0.mean . (1)
Transformed web thickness (into plywood):
bw.ttd = bw . Ne .
Avreas of cross-sections flanges:
- flange in compression,

Aettc = Detc A1 ; (2)
- flange in tension,

Aetst = Defr .dlr . (3)
Area of the webs:

Aetw = bw.tfd .hw . (4)
Transformed area:

Aet = Aefic + Aetft + Aw . (5)

First moment of area of the section about the top
face:
Aust = Aetsr . (N —0ht 12)+ Aetw . (W/2+ +ale)+ Aetsc . dhe /2. (6)
Neutral axis (NA) depth from the top face:
Yt = Aust /At . (7)
Second moment of area of the web about the NA:
Bwq *hE h
T T AL = (d e 2 (8)
Second moment of area of the top flange about the
NA:
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Second moment of area of the bottom flange about

the NA:

X 3
et ot :beflzdbf + A X(h-y, ‘i;f)z (10)
Instantaneous second moment of area the
transformed section:
lef =letw +leftr +lefpr. (12)

Stress in the flanges due to bending:
bending stress (compression) in the top flange
-Mq, (12)

Stemacd — I

dﬁ -
(yx _7):

ef

bending stress (tension) in the bottom flange

M a,
St i .max.d :de(h_yx_%); (13)
ef
bending stress check in the web
Sw.c.d = %X yl X nE 1 (14)

ef

were yi=max{( yt — d ) ; ( h = dbt — yt )} — maximum
distance from the NA to the extreme fibre.
Shear stress at the NA position:

V, «S

£, =~ (15)
. Ief wa.tfd

were Sina — first moment of area of the section

above the NA:

o =D o105 Xy, -%nnmx(y‘ _2%) .

Shear stress of the glued joint between the web and
the flanges:
first moment of area of top flange above the NA:

(17)

(16)

i .
Stf :bef.cxdtf X(yt _7) ’

first moment of area of the bottom flange about
NA:

a
Sbf :bef.txdbfx(h_yt_%); (18)
Maximum value of first moment of area about NA,
St =max {St ; Sut );
Mean shear stress in the flange across the glue line:
V, xS
- d f .. (19)
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Design example of composite skin panel. Top skin
of panel is plywood with thickness d =9 mm, bottom
skin of panel is plywood with thickness cb=6m.
Strength class of plywood F20/10 E40/20 with the
faces aligned parallel to the direction of span [9]. The
timber used for the web is class C22 [9]. Panel is
glued between the flanges and the web. Spanning
between two supports L=4,5 m apart. Nominal wide of
panel - 1,5m. Construction sizes for panel
448x149 cm. The structure functions in service class 2
conditions.

The design of panel complies with the rules in [8] at
the ULS and [7] (loads).

Dead loads to the panel - weight of materials.
Table 1. — Dead load to the 1 m? panel.

Charact | Exploit Desian
eristic ation | Safety Ioa(?
Materials load, load, |factor, !
Q| & | | e
kHIm? | kHIm? KHIm
1 2 3 4 5
1. Profile
Steel
Roofing
Sheets 0,15 0,15 1,3 | 0,195
2. Plywood
skin
3. Timber | 0,105 0,105 1,1 | 0,115
web
4. Mineral | 0,078 0,078 1,1 | 0,086
wool in
panel
5. PE 0,060 0,060 1,2 | 0,072
steam
insulation
Total 0,005 0,005 1,1 | 0,006
dead load
for panel-
p 0,398 0,398 0,474

Variable loads to the panel — snow load may be set
by National Norm [7]

Design snow load and exploitation snow load:

Sm=ynSoC=1,04-1450.1=1508Pa = 1,508 kN/m?;

Se=7tS0C=0,49-1450-1=710,5Pa = 0,71 kN/m?,

were So =1450 Pa — characteristic snow load for
Poltava ([7], Annex A).

Other values in these formulas calculate according
(71

Total loads to the panel

Table 2. — Total loads to the 1 m? panel.

Characte | Exploita | Design
ristic load, | tion load, | load,
Type of load q°+So, 0°+Se, o +Sm,
kN /m? kN /m? kN /m?
1 2 3 4
1. Dead load
to the panel 0,398 0,398 0,474
2. Variable
loads to the
panel (snow) 1,450 0,710 1,508
Total loads
for panel-
Csum 1,848 1,108 1,982

Loads for 1 meter of panel span
Total design loads for 1 meter of panel span (used
table 2):
0= qsum‘B,



were B=1,5 m — wide of panel.
Exploitation load:

g9= 1,108:1,5 = 1,662 kN/m.
Design load:

qi= 1,982:1,5 = 2,973 kN/m.

Actions. Design bending moment and design shear
force:

Mq= qi . 1%/8 = 2,973.4,42%8 = 7,26 kN-m = 726 kN.cm;

Va=05q.1 =0,5.2,973.4,42 = 6,57 kN,

were | = 4,48-0,06 = 4,42 » — design span calculated
with support effect.

Modification factor for permanent duration action
([8], eq .2.6):

kmod.perm :( kmod.perml ' kmod.permz )0’5 = (0,6 -0,6)0’5 = 0,6 s

were kmodperm1 =0,6 for solid timber (webs) and
service class 2 ([8], Table 3.1);

kmod perm2 =0,6 for plywood (flanges) and service
class 2 ([8], Table 3.1).

Factor for medium-duration action ([8], eq. 2.6):

kmod.medium:(kmod.mediuml Kmod.medium2 )0’5 :(0,8 -0,8)0’5 =0,8,

were kmodmedum: =0,8 for solid timber (webs) and
service class 2 ([8], Table 3.1);

kmodmeadium2 =0,8 for plywood (flanges) and
service class 2 ([8], Table 3.1).

Load sharing factor, kss = 1,0 ([8], 6.6) (kys = 1,1 can
be used if required).

Depth factor for solid timber (webs) — take as kn =1,
as the depth is greater than 150 mm ([8], eq. (3.1)).

Geometric properties.

Structural dimensions of the panel are shown in the
Fig. 2. Clear distance between webs, br =430 mm =43
cm. Top flange thickness, df = 9 mm =0,9 cm. Bottom
flange thickness, a = 6 mm = 0,6 cm. Dimensions of
web, bw x hw = 45x195 mm (50x200 mm dimensions of
sawn timber before planning according).
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Figure 2 — Dimensions of panel.

Depth parameters of cross-section:

h = hw + ot + 6t =19,5 + 0,6 + 0,9=21 cm,

The effective flange width concept applies to flanges
in compression and in tension, and unless a more
detailed calculation is carried out, in accordance with
the requirements of [8], 9.1.2(3). The effective flange
width, b, as shown in Figure 2, for internal I-shaped
sections, will be as follows:

Def.c = Deer + bw and bert = brer + bw ([8], eq (912))

Effective flange width of an I-beam section of the
panel ([8], 9.1.2):
in compression ([8], Table 9.1),
blcer <min{0,1.L ; 20-d+ } <180 mm=18 cm;
in tension ([8], Table 9.1),
blier <0,1-L <450 mm=45 cm (only shear lag).
The values blcer and blier Should not be greater than
value br=430 mm.
So, design sizes of the flanges will be:
in compression, beer=blcer = 18 cm;
in tension, brer = br=43 cm.
Effective flange width:
in compression, ber.c = bcer + bw =18+4,5=22,5 cm;
in tension, ber: = brer + bw =43+4,5=47,5 cm.
Instantaneous — transformed section properties. As
the panel have a cross-section of two different
materials it is convenient to go transformed section or
fictitious section.
Coefficient for transformed section, as ratio of
modulus according (1):
Ne= Eomean / Epw.o.mean = 10/4=2,5,
were Eomean = 10 kN/mm? — mean modulus of elasticity
parallel for solid timber, strength classes C22 ([9],
Table 5.1);

Epwomean =4 kN/mm?— modulus of elasticity
parallel for plywood, strength classes F20/10 A40/20
(([9], Table £.5).

Transformed web thickness (into plywood):
bwitd = bw . ne =4,5.2,5 = 11,25 c¢m.
Avreas of cross-sections flanges (2,3):
Aetic = 20,25 cm?, Aefir = 28,5 cm?,
Avrea of the webs (4):
Aetn=219,38 i,
Transformed area (5):
Aet = 268,13 cm?,
First moment of area of the section about the top
face (6):
Axs = 2935,41 cm?.
Neutral axis (NA) depth from the top face (7):
yt=10,9 cm.
Second moment of area of the web about the NA (8):
lerw=6971 cm®.
Second moment of area of the top flange about the
NA (9):
ler=2333cm®.
Second moment of area of the bottom flange about
the NA (10):
lefp=2758 cm®,
Instantaneous  second moment  of
transformed section (11):
ler =11962 cm?,
Bending stress check in the flanges and web (ULS).
Stress in the flanges due to bending:
bending stress (compression) in the top flange (12):
otcmaxd=0,637 kN/cm?=6,37 N/mmZ,
bending stress (tension) in the bottom flange (13):
ottmaxd=0,592 kN/cm?=5,92 N/mm?
Strength of the top flange for plywood F20/10
E40/20 and fomck = 15 N/'mm? ([9], Table 5.5):
fplw.c.d = fplw.c.k - Kmod.medium * ksys =15-0,8 1=12 N/mm2 .

area the



Strength of the bottom flange for plywood F20/10
E40/20 and fowk =9 N/mm? (([9], Table 5.5):
fonutd = Fohwtk + Kmodmedium + Ksys =9- 0,8 1=7,2 N/mm?.
Strength is satisfactory:
Of.cmaxd < fplw.c.d , Oftmaxd < fplw.t.d-

Bending stress check in the web:
maximum distance from the NA to the extreme
fibre,
yi=max{(yt — dt); (h — dor — y1)};
y1i=max{(10,9 - 0,9);(21 - 0,6 —10,9}=10 cm;
bending stress in the web (14),
owed=1,525 kN/cm?=15,25 N/mm>.

Bending strength of the web for solid timber C22
and fmox = 22 N/mm? (([9], Table 5.1):
fmo.d = feok + Kmod.medium - ksys - kn :22-0,8-1-1:17,6 N/mm2 .
Strength is satisfactory:
owed < fmod .
Shear stress of the web (ULS). First moment of area
of the section above the NA (16), Sitna=780,48 cm®,
Shear stress at the NA position (15):
7,.4=0,095 kN/cm?=0,95 N/mm?
Shear strength of the web material (solid timber
C22) with fyyx = 2 N/mm? ([9], Table 5.1):
fv.d = fuk * Kmod.medium - ksys =2-0,8 1=
=1,6 N/mm?.
Design shear strength is greater than the shear stress:
Tvd < fva.

Shear stress of the glued joint between the web and
the flanges (ULS).

First moment of area of top flange above the NA
@an:

Sy=212,58 cm*.

First moment of area of the bottom flange about NA
(18):

Sbr=277,94 cm*,

Maximum value of first moment of area about NA:

St =max {Str; Sbr}= max{212,58; 277,94}=277,94 cm.

Mean shear stress in the flange across the glue line
(19):

7v.4=0,034 kN/cm?=0,34 N/mm?

Rolling shear strength of the flange material
(plywood F20/10 E40/20) with fowvk = 3,5 N/mm?
(([9], Table 5.5):

fplw.v.d = fplw.v.k - Kmod.medium * ksys =3,5-0,8- 1=2,8 N/mmz .

Rolling shear strength is determined according to
(81, 9.1.2(6):

if bw < 8-0nf, then fowvd ;
if bw > 8-6br, then fomv.a (8 dbt /ow).
Design shear strength is greater than the shear stress:
Tv.d < fowv.d

5. Conclusion. For design cross-section of
composite panel, it can apply a simple method of
fictitious  cross-section. The presented design
methodology can be used to design composite (timber
and plywood) skin panel in accordance with the
requirements EN 1995-1-1 [8] and JIBH B.1.2.-2:2006

(91,
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