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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 JIBH 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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Po3rnsHyTO mpoekTyBaHHSA KOMIIO3UTHOI MAaHENl MMOKPUTTS 3TiAHO 3 €BPONCHCHKUMH 1 HalliOHAJbHUMH OyIiBeIbHUMH HO-
pmamu. [Taneni koMno3uTHOTO THITY (ZiepeB’siHI pedpa i obmuBKa 3 ¢panepu abo OSB) yacTo 3aCTOCOBYIOTHCS A HOK-
PUTTS JeTKoro THITy. [y KOHCTPYKIIH, SIKi MarOTh Y CBOEMY CKJIJ1 MaTepiany 3 pisHUMH (i3HKO-MEXaHIYHIMH BJIACTHBO-
CTSIMH, IIPY MIPOEKTYBaHHI 3aCTOCOBYETHCSI METO/I 3BEICHOTO Mepepisy, 0 3HAYHO CIIPOILye po3paxyHKH. OCKIIBKH 00IIH-
BKU ITaHeJIi 3HaXOAThCS B OUIBII HANPY)KEHOMY CTaHi, Hix pedpa, Marepiai pedpa (IepeBHHa) IPUBOJUTHCS JI0 MaTepiary
0OIIMBOK 3a JOIOMOTO0I0 KoedilieHTa npuBeicHHs. BiH 3HaX0qUThCs SIK BiJHOLICHHS MOAYJIB IPYXHOCTI MaTepiaiis. Sk
NPUKJIAJ] Y CTaTTi HAaBEAECHO KOHCTPYKTHBHUM PO3paxyHOK 3a HEPIINM IPaHUYHUM cTaHOM. OCTaHHS pe/laKilis Hal[loHab-
HHUX HOPM IIOJI0 PO3PaxyHKY JepeB’sSTHUX KOHCTPYKI[IH MOBHICTIO 0a3yeThCsl Ha €BPONEHCHKUX OYAiBEIBHHUX CTaHAAPTAX.
I3 mux MipKyBaHb y CTaTTi PO3IJISHYTO MPOCKTYBAHHS KOHCTPYKLIi BIATOBIAHO 0 OpUTiHAIBHOTO Jukepena. HatomicTs
BU3HAYEHHS XapaKTEPUCTUK MIHOCTI pEKOMEHIOBAaHO BUKOHYBATH 3TiHO 3 HALlIOHAJIFHIMH HOPMaMH, IKi OJJHOYACHO BU-
KOHYIOTh (QyHKIII eBpomeiicbkoro cranmapty EN 338. HaBanTakeHHsS Ha IaHeIbh BH3HAYAIOTHCS BiAMOBITHO OO HOPM,
[0 € HE TUIbKM TPAAULIMHUM B HAIlOHAJIBbHIH METOOJOTI MpOEeKTyBaHHS OyIiBeNbHUX KOHCTPYKILIH, ane i, Ha TyMKY
aBTOPIB, OLIbIIE BIAIOBiAAa€E KPUTEPISIM HaAiHOCTI. 3aCTOCYBaHHS B PO3paXxyHKaxX OJAHOYACHO HAIlIOHAJIBHUX 1 €BPONEHCH-
KHX IIPOEKTHUX HOPM BiJIIOBIJJa€ CyYaCHUM BUMOTaM Ta PO3IIMPIOE METOJOJIOTIUHY 6azy.

Kawuosi cioBa: kieedanepHa naHei b HOKPHUTTS, MPOCKTYBaHHS Oy/IiBEIbHUX KOHCTPYKIIiH, HABAHTAXXCHHS Ha OyTiBe-
JIbHI KOHCTPYKIIii.
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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 struc-
tures.

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

Review of research sources and publications

Design methods of composite skin panels for prod-
ucts in USA, Canada, and Europe are considered in
publications [1 —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
consider 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 «transformed sectiony» use. The trans-
formed-section approach is common to structural de-
sign of composite sections. It consists of «transform-
ing» the actual section into one of equivalent strength
and stiffness, but composed of a single material. Sec-
tions are generally transformed to the material of the
panel most highly stressed portion.

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 [7]. Dead loads determined rules of
chapter 5 of [7]. Snow (variable) loads determined
rules of chapter 8 of [7].

Problem statement

In the article the possibility of using the Ukrainian
standards for loads on building constructions and Euro-
pean standards for design timber structure elements
have been discussed.

Basic material and results

It is considered the composite skin panel design in ac-
cordance with the requirements [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 panel top and bottom skins and
timber is used for panel webs.

For composite skin panel design it can be used rules
of Ukrainian standard [9] which is based on rules [8].
In Ukraine characteristic values of strength classes ac-
cording [9] should be used.

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

bef.'c = bc.ef+ bw and bef.'t = bt.ef+ bw .
Effective flange width of an I-beam section of the

panel ([8], 9.1.2):
— in compression ([8], Table 9.1),

bc_efs mln{ O,IL 5 205[]},
— in tension ([8], Table 9.1),
biey < 0,1-L (only shear lag).

Designations accepted in the formulas:
bc.or— design width of the flange in compression;
bior— design width of the flange in tension;
by, — design width of the web;
L — span of panel;
Jy — top flange thickness;
9y — bottom flange thickness.

The values b..r and b,¢ 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
section.

Figure 1 — Transform cross-section as I-beam

Coefficient for transformed section, as ratio of mod-
ulus

ng= Eﬂmean /Eplwﬂ.mean . (1)
Transformed web thickness (into plywood)
bw_tfd = bw ‘HE .

Areas of cross-sections flanges:
— flange in compression

Acfre = bege Oy ; @)
— flange in tension
Aerfri = berr O pr. 3)
Area of the webs
Aefw = bwaga P . o
Transformed area
Aep = Aepe + Aerp + Aw . (5)

First moment of area of the section about the top face:
Aise = Aete (h =00 /2)+ Aepow (/2 6p)

+ Aefre O /2 . ©)
Neutral axis (NA4) depth from the top face
Yt = Aist /Aef- (7)
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Second moment of area of the web about the N4

3
_ bw.g/d ) hw

of w 12
Second moment of area of the top flange about
the N4

h,
+ Aqf,m* '(yr _(5;/ +?)) > (8)

bef.a 5;
12
Second moment of area of the bottom flange about
the N4

5[
]e/'.r/' = + Ac/'.‘f.c (¥, - 7f)2 . ©

3
bef.r ) 5hf
12

Instantaneous second moment of the transformed sec-
tion area

5,7f
]qf,b/' = 7')2

(10)

+ Ap/l‘f.r (h V=

Loy =Iopw Flopsr T1oriy. (11)
Stress in the flanges due to bending:
— bending stress (compression) in the top flange
My 0. 12
etk (12)
— bending stress (tension) in the bottom flange
Md 5hf .
My gy, 0y, 13
O tmaxd IL,/ (h—y, 5 ) (13)
— bending stress check in the web
Cpea =57V, 1y, (14)

o
where y;=max{( y: — oy ); ( h — dpr — ¥+ )} — maximum
distance from the N4 to the extreme fibre.

Shear stress at the NA position:
_ Vd 'SniNA
La=7 5 'h
[ef 'bw.z/d

o (15)
where Syv4 — first moment of area of the section above
the NA

(yr_5ﬂ') . (16)

SM.NA :bgf.c 'é;/ (, _j,) +bw.4ﬁ1 :

Shear stress of the glued joint between the web and

the flanges:
— first moment of top flange area above the NA

Sy =b,. 0,(y —i) ; (17)
_ ef .c [/ t 2 s

— first moment of the bottom flange area about N4

)
Sbf = bq/‘.z '5bf “(h—y, _%) 5 (18)

Maximum value of first moment of area about NA
Sy =max {Sy, Spr);
Mean shear stress in the flange across the glue line
v,-S
LA (19)

T =
mean.d
I of b w.ifd

Design example of composite skin panel. Top skin of
panel is plywood with thickness dy =9 mm, bottom
skin of panel is plywood with thickness Jy= 6 m.
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 be-
tween two supports L=4,5 m apart. Nominal wide of

panel — 1,5m. Construction sizes for panel are
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

Materials % Ng .g 1& " i’

5% |52| 5 |55
S .| B € 2 22
S| as| 2 & =
S . ST 5 n N
ST HT| S 2
CEg|TE|s | A

1. Profile Steel 0,15 | 0,15 |13 0,195

Roofing Sheets

2. Plywood skin 0,105 | 0,105 | 1,1 0,115

3. Timber web 0,078 | 0,078 | 1,1 0,086

4. Mineral wool 0,060 | 0,060 | 1,2 0,072

in panel

5. PE steam 0,005 | 0,005 | 1,1 0,006

insulation

Total dead load 0,398 | 0,398 0,474

for panel — g,

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

Design snow load and exploitation snow load:

Su=yuSoC=1,04-1450-1 = 1508 Pa = 1,508 kN/m?;

Se=yS0C= 0,49-1450-1 = 710,5 Pa = 0,71 kN/m?,
where Sy =1450 Pa — characteristic snow load for Pol-
tava ([7], Annex A).

Other values in these formulas are calculated accord-

ing ([7].
Total loads to the panel
Loads for 1 meter of panel span
Total design loads for 1 meter of panel span (used ta-

ble 2):
qi= qum'B,
where B=1,5 m — wide of panel.

Table 2 — Total loads to the 1 m? panel

Type of load 5 g . R

§'§ si gc-?NE ED(-?NE
SST ) 8%, | 8BS,
RS 1 = g~ A g
Q [Sa e ©

1. Dead load to the 0,398 0,398 0,474

panel

2. Variable loads 1,450 0,710 1,508

to the panel (snow)

Total loads for 1,848 1,108 1,982

panel — Ggum

Exploitation load
q4=1,108-1,5=1,662 kN/m.
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Design load
q=1,982-1,5=2,973 kN/m.

Actions. Design bending moment and design shear
force

Ms=q P/8 =2,973-4,42%/8 =
=7,26 kKN'-m = 726 kN-cm;

Va=0,5q:1=0,52,973-4,42 = 6,57 kN,

where [ = 4,48-0,06 = 4,42 m — 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)*°=0,6,
where kmodpermt = 0,6 for solid timber (webs) and ser-
vice class 2 ([8], Table 3.1);
kmodperm2 = 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.mediumZ )0’5 =

=(0,8 -0,8)> =0,8,
where kmod medium1 = 0,8 for solid timber (webs) and ser-
vice class 2 ([8], Table 3.1);
kmod medium2 = 0,8 for plywood (flanges) and service
class 2 ([8], Table 3.1).

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

Depth factor for solid timber (webs) — is taken 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.

Figure 2 — Dimensions of panel

Clear distance between webs is by = 430 mm.
Top flange thickness is y = 9 mm. Bottom flange
thickness is o = 6 mm. Dimensions of web are by, x A,
=45x195 mm (50x200 mm dimensions of sawn timber
before planning according).

Depth parameters of cross-section

h=hy+ 0p+ 0y=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 de-
tailed calculation is carried out, in accordance with the
requirements of [8], 9.1.2(3). The effective flange

width, b.; as it is shown in Figure 2, for internal
I-shaped sections, is as follows:
= beer+ by and bers = brer + by ([8], eq (9.12)).
Effective flange width of an I-beam section of the
panel ([8], 9.1.2):
— in compression ([8], Table 9.1),
bleer<min{ 0,1-L;20-5,} <180 mm=18 cm,
—in tension ([8], Table 9.1),
blier<0,1:L <450 mm=45 cm (only shear lag).

The values b1..rand b1, s should not be greater than
value by= 430 mm.

So, design sizes of the flanges are:
— in compression, beor=bl..r = 18 cm;
— in tension, b = by= 43 cm.

Effective flange width:
— in compression, bere = beor + by=18+4,5=22.5 cm;
—in tension, ber; = bror + by = 43+4,5=47,5 cm.

Instantaneous — transformed section properties.
As the panel has a cross-section of two different mate-
rials, it is convenient to go transformed section or ficti-
tious section.

Coefficient for transformed section, as ratio of mod-
ulus according (1):

nE= Eomean /Eplw.().mean =10/ 4:2,5 s

where Egmean = 10 KN/mm? — mean modulus of elastic-
ity parallel for solid timber, strength classes C22 ([9],
Table b.1);
Epiv.0mean = 4 kKN/mm? — modulus of elasticity parallel
for plywood, strength classes F20/10 A40/20 (([9], Ta-
ble b.5).

Transformed web thickness (into plywood):

by = bw -ng=4,52,5=11,25 cm.

Areas of cross-sections flanges (2,3)

Aefre = 20,25 cm?, Aorpr = 28,5 cm?,

Area of the webs (4)

Aerw= 219,38 cm?,

Transformed area (5)

Aor = 268,13 cm?.

First moment of section area about the top face (6)
A = 293541 cm®.

Neutral axis (NA) depth from the top face (7)
y:=10,9 cm.

bcffic

Second moment of web area about the N4 (8)

Lorw= 6971 cm®,

Second moment of the top flange area about the
NA (9)

[4;/': 2333cm*,

Second moment of the bottom flange area about the
NA (10)

L= 2758 cm*.

Instantaneous second moment of the transformed sec-
tion area (11)

L= 11962 cm®.

Bending stress check in the flanges and web (ULS).

Stress in the flanges due to bending:
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— bending stress (compression) in the top flange (12):
Of.c.max.d— 0,637 kN/Cm2:6,37 N/mmz
— bending stress (tension) in the bottom flange (13):
Of t.max.d— 0,592 kN/Cm2:5,92 N/mm?
Strength of the top flange for plywood F20/10 E40/20
and fom.cr = 15 N/mm? ([9], Table B.5):
]glwud = ﬁulmuk * kmod. medium * ksys =
=15-0,8-1=12 N/mm?.
Strength of the bottom flange for plywood F20/10
E40/20 and fop.r =9 N/mm? (([9], Table b.5):
f;lwt.d :];lw.tk * kmod. medium * ksys =
=9-0,8 1=7,2 N/mm?
Strength is satisfactory:

Of.c.max.d <]§le¢:d; Of.t.max.d <];lw4t.d-

Bending stress check in the web:
— maximum distance from the N4 to the extreme fibre,

yi=max{(y:—= 0y (h—op—y)};
yi=max{(10,9 - 0,9);(21 — 0,6 -10,9} = 10 cm;
— bending stress in the web (14),

Ow.ea=1,525 kN/cm?= 15,25 N/mm?>.
Bending strength of the web for solid timber C22 and
fmox = 22 N/mm? (([9], Table B.1):

ﬁn.().d :ﬁ.ﬂ. : kmod.medium‘ ksys' kh =

=22:0,8:1-1 = 17,6 N/'mm?>.

Strength is satisfactory:

Ow.c.d <fm.04d .
Shear stress of the web (ULS). First moment of the
section area above the NA (16), Syv4=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 fyx = 2 N/mm? ([9], Table b.1):

fV.d:fV.k 'kmod.medium 'ksys :2'0,8'1:1,6 N/mmz
Design shear strength is greater than the shear stress:

Td < fra.

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

First moment of top flange area above the NA (17):

Sy= 212,58 cm*.
First moment of the bottom flange area about NA
(18):
Sb/‘: 277,94 cm®,
Maximum value of first moment of area about NA:
Sy =max {Sy; Spt= max{212,58; 277,94} =
= 277,94 cm.

Mean shear stress in the flange across the glue line

(19):
7.a= 0,034 kN/cm? = 0,34 N/mm?

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

ﬁ)/w.Vd :ﬁ)/w. Vik * kmod.medium : ksys =
=3,5-0,8 1=2,8 N/mm?.
Rolling shear strength is determined according to
([8], 9.1.2(6):
—if by, < 80y then fomva,
—if b, > 8'55_,/,’ thenfpzw‘ V.d '(8' 5@/'/bw).
Design shear strength is greater than the shear stress:

Tyd < ﬁ)lw. v.d

Conclusion

For design cross-section of composite panel, it can be
applies a simple method of fictitious cross-section. The
presented design methodology can be used to design
composite (timber and plywood) skin panel in accord-
ance with the requirements [8] and [9].
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