Braced panel vertical post and bracing design in long term-duration loading

Wood type:

Braced panel height:
Braced panel width:
Bracing angle:

Width of wooden element:

Height of wooden element:

Buckling length about x axis (minus minimal lintel height):

Buckling length about y axis:
Factor for support condition at the ends of the element:
Factor for solid timber straightness:

Charac. wood bending strength:

Charac. wood compression strength parallel to the grain:

Charac. wood tension strength parallel to the grain:
Wood modulus of elasticity parallel to the grain:
Wood modulus of mean elasticity parallel to the grain:
Factor for duration loading and service:

Factor for load shearing:

Deformation factor for for solid timber class 1:

Partial factor for wood properties:

C24

H:=3.0 m
B:=0.8 m
a:=63.44 deg
b:=45 mm
h:=95 mm
[,:=2.886 m
l,:=0.628 m
=1 py=1
B.=0.2
fmii=24 MPa
feox=21 MPa
frox=14 MPa

E0‘05 = 7400 MPG

Eqmean="11000 MPa

Kmoa:=0.6
kgs:=1.0
Kger=0.6
yy:=1.30



Rectangular panel member design for compression

Design wood compression strength:

Ko i N
opgmmed S0k g 60 S
Ym mm
Cross-sectional area:
A:=b-h=42.75 cm’
Second moment of area:
3 3
=P 316 em® =" _72441 em®
12 12

Radius of gyration:
. IX
Iy:= " =27.424 mm

Design element length:

lofxi= i+ |y =2.886 m

Slenderness ratio:

/
A =-2% 105236

Ix

Relative slenderness:

_i. fc.O.k

o= =1.784

n Eoos

Instability factor:

i=min (iy,i,)=12.99 mm

. I,
iy=\== 12.99 mm
A

lgy=Hy+1,=0.628 m

/
A=-F — 48343
ly

A:=max (A,,A,) =105.236

Y

ki=0.5+ (14 B+ (M= 0.3) A, ) =2.241

k. := !

=
k+ VK =2,

=0.278

Design buckling strength:

ke froa=2.696 ——

mm



Compressive stress/Design buckling strength equation :
Neg=fcox*A-k.-=24.968 kN

Negi=f.0q-Ak.=11.524 kN

Rectangular panel member design for tenssion

<k
ft.O.d::M:6-462 Lz

yM mm

NT.d::ftO.d'A =27.623 kN

Vertical desidn loads: F,4:=0 kN

Compression
Fha1:=Ncg-cos (@) =5.153 kN

N, 4+cos (a) —F, 4 cos (a)

=2.88 kN
2.sin(a)

Fraz=

Fhaci=min (Fpoqs Fraz) =2.88 kN

Tension

(F, - cos(a)—
Fha3:=—] ud

|=30.882 kN
sin (a) )

Fp,g4:=Ny 4+ cos(a) =12.351 kN

Fhae=min (Fnaz,Fhas)=12351 kN

Maximal lateral load

Fhg:=min (Fygc, Fpa.)=2.88 kN



Compression

F
hd _ _6.442 kN

N2_5 =
cos(a

Ny 5=F,q=0 kN

2-F
Ny si=F, g+ ——2 .sin (a) =11.524 kN
- cos (a)
Reactions
Frqesin(a
Ryyi= Fv.d—h'd7<>-2:—11.524 kN
cos (a)
Fiqesin(a
Ry=Fyq ”"’7”-2=11.524 kN
cos (a)

Riyi=F,q4=2.88 kKN
Ry:=0

Fh.d: 288 kN

Tension




Braced panel vertical post and bracing design in long term-duration loading

Wood type:

Braced panel height:
Braced panel width:
Bracing angle:

Width of wooden element:

Height of wooden element:

Buckling length about x axis (minus minimal lintel height):

Buckling length about y axis:
Factor for support condition at the ends of the element:
Factor for solid timber straightness:

Charac. wood bending strength:

Charac. wood compression strength parallel to the grain:

Charac. wood tension strength parallel to the grain:
Wood modulus of elasticity parallel to the grain:
Wood modulus of mean elasticity parallel to the grain:
Factor for duration loading and service:

Factor for load shearing:

Deformation factor for for solid timber class 1:

Partial factor for wood properties:

C24

H:=3.0 m
B:=0.8 m
a:=63.44 deg
b:=45 mm
h:=95 mm
[,:=2.886 m
l,:=0.628 m
=1 py=1
B.=0.2
fmii=24 MPa
feox=21 MPa
frox=14 MPa

E0‘05 = 7400 MPG

Eqmean="11000 MPa

Kmoa:=0.6
kgs:=1.0
Kger=0.6
yy:=1.30



Rectangular panel member design for compression

Design wood compression strength:

Ko i N
opgmmed S0k g 60 S
Ym mm
Cross-sectional area:
A:=b-h=42.75 cm’
Second moment of area:
3 3
=P 316 em® =" _72441 em®
12 12

Radius of gyration:
. IX
Iy:= " =27.424 mm

Design element length:

lofxi= i+ |y =2.886 m

Slenderness ratio:

/
A =-2% 105236

Ix

Relative slenderness:

_i. fc.O.k

o= =1.784

n Eoos

Instability factor:

i=min (iy,i,)=12.99 mm

. I,
iy=\== 12.99 mm
A

lgy=Hy+1,=0.628 m

/
A=-F — 48343
ly

A:=max (A,,A,) =105.236

Y

ki=0.5+ (14 B+ (M= 0.3) A, ) =2.241

k. := !

=
k+ VK =2,

=0.278

Design buckling strength:

ke froa=2.696 ——

mm



Compressive stress/Design buckling strength equation :
Neg=fcox*A-k.-=24.968 kN

Negi=f.0q-Ak.=11.524 kN

Rectangular panel member design for tenssion

<k
ft.O.d’:M:6-462 Lz

yM mm

Nrgi=fi0q4*A=27.623 kN

Vertical desidn loads: F,4:=0 kN

Compression

F = Nc,d‘COS<a>_Fv,d‘cos<a> —5761 kN
h.d.1 sin <a> .

Fog2:=N.4-cos (a) =5.153 kN

Fhac:=min (Fpaqs Fraz) =5.153 kN

Tension

Fp,g4:=Ny 4+ cos(a) =12.351 kN

(F, +cos (a) — Ny 4-cos (a)
\ 2.sin(a)

\
Fhaz=— |=6.904 kN
)
Fhae=min (Fyasz,Fpa4)=6.904 kN

Maximal lateral load

Fhg:=min (Fygc, Fpae) =5.153 kN



Compression
F,4+sin (a)

=10.308 kN
cos (a

Ni ;:=F, 4+
Fh.a

=11.524 kN
cos (a

N7_5 =

N, 3:=Fp,q=5.153 kN

Reactions

Fpa+sin (a)

R1y’:Fv.d_

cos (a)

Fp, 4+ sin (a)

Ry, = -2=20.615 kN

4% Fv.d+

cos (a)
R7X::Fh.d: 51 53 kN
Ry:=0

Fyy=5.153 kN

«2=-20.615 kN

Tension

_F
hd _ _11.524 kN

N2_5 =
cos(a

Ny 5=F,q=0 kN

F, 4+sin (a)

Ny si=F,q— :2=-20.615 kN

cos (a




Panel in whole construction and weakest part of panel

|
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Fig 1. Total view

)

ECO LCOC

Fig 2. Side section of panel

Fig 3. 3D view of panel

Lintel members design

Geometric parameters:

Height: h:=95+mm
Section area: A=h-b=0.004 m’
bk’

Moment of inertia: I:= 0 =321.516 cm

Factor for constant load: y;:=1.35

4

B00mm

Width: b:=45«mm
Span: B:=6.0 m
Section modulus bl

about the strong axis:

Factor for variable load:

w::_6 —67.688 cm’

yoi=1.30

[}

ON



Permanent action:

gi1=2.4 kPa

841 =8k1*Yg=3.24 kPa

Variable action:

qks:=0.81.0-1.0-1.6-kPa=1.28 kPa Qi :=0.89 - kPa
Gk1 = kst Qi =2.17 kPa

qai1*=9k1*Yo= 2.821 kPa

Sum of roof actions: P,:=g;+q,,=6.061 kPa

kN
p=P;+B-0.5=18.183 —
m

Loading on the wall:

Calculation is made according to finite element program "MatrixFrame":
60 K4 K5

SO

©
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B 9 © ® ® 9 W

0.00
(B 1=ty

Max forces in the lintel web:

Max Axial compressive force in S19: N maxd=33.20 kN

Max Axial tension force in S15 and S21: Niaxdi=33.20 kN
Max Shear force in S13 and S25: Voard:i=7-10 kN

Max Bending force in S19: M

max.d "=

0.60 kN+m

)

—(



Physical/mechanical wood properties:

Characteristic bending strength

Mean value of modulus of elasticity parallel to the grain

mm
.. N N
Characteristic shear strength fopi=2.5e — fukpy=29+ ;
mm mm
. . . N
Characteristic tenssion strength parallel to the grain frop:=14- .
mm
- . . N
Characteristic compressive strength parallel to the grain fooxi=21 ;
mm
Mean value of shear modulus Grean =690+ ———
mm
Factors in use:
Partial factor for massive wood Yai=1.30
Deformation factor Kaep:=0.6
Modification factor for duration of load k,p0q:=0.7
and moisture content kood.short :=10.9
Depth factor for massive wood
( 0.
150
h <150mm ky,:=min | (ﬂ\u
Ultimate Limit States (ULS)
Bending strength
Design moment My:=M,,.a
“koqk N
Design bending strength Fna= f”"k—m"d_h =14.159 ——

Design section modulus about strong axis

=M gges N
Tmyd = = ©-00% ——-

mm

Ym mm

M, 3
W= %= 42.375 cm

m.d

)

, 1.3}| =1.096



Shear strength
Design shear force V= Voaed
. 3 v, N
Design shear stress T4 —2212 —
2 A+12mm-b mm
. kpoa® (fox+ N
Design shear strength frai=—2ed Ut i) =2.908 ——
Ym mm
Compressive stress
Design value of the end reaction N;:=N¢ paxd
. . : Ny
Design compressive stress perpendicular 004 =——=7.766 ——
to the grain A mm
. . kmod 'fc.O.k
Design compressive stress feoqi=—————=11.308 —
Ym mm
Tenssion stress
Design value of the end reaction Nrai=Nipard
. . . Nty
Design compressive stress perpendicular Oppdi=——=7.766 —
to the grain A mm
k . ok N
Design compressive stress froai= M =8.26 —
Ym mm

Serviceability Limit States (SLS)

Limiting values for deflections

Ufpgi=3mm

3
Uy, :=——=10 mm ¥, :=0
lim 300 2

Uing. G *= Uing* (1 + Kagy) = 4.8 mm

3m
— =12 mm
250

Upet lim *=



Design plywood flat pressure resistance for long term duration load

Timber geometric properties:

Thickness of plywood: t:=12 mm
Width of wooden element: b;:=45 mm b,:=90 mm
Height of wooden element: h;:=95 mm
Bearing on plywood face strength small area: fefacex=9.0 Lz
mm
Partial safety factor for plywood: Ym.plywood = 1.2
2nd service class factor for long duration loading: Koqi=0.7
Design compressive stress on face area: fc.face.d::M: 5.25 LZ
YM.plywood mm
Maximum load on plywood face: Faface=fcface.q* P1-hy;=22.444 kN

Fd.face ’:fc.face.d ° bz . h1 =44.888 kN

Flywood and wooden post
contact area. Face pressure

1Pic. Plywood and wood contact area



Screws in Breced Ecococon panel calculation

Wood type:

Width of wooden element:
Height of wooden element:
Bracing angle:

Screw length:

Screw diameter:

Threaded part of the screw 8,0x120:

Threaded part of the screw 8,0x100:

Threaded part of the screw 8,0x80:

Charac. density of the timber

Partial factor for material properties:

Charac. tensile strength of each screw:

Charac. load-carrying capacity of axially loaded screw:

Material factor for connections:

Factor for duration loading and service:

C24
t;:==45.-mm
t,:=95.-mm
a:=63.44.deg
l¢:=120-mm
d:=8.-mm
lg1:=80 mm

l€f.7 ::lg,7_d: 72 mm

l

¢2:=60 mm

|

¢3:=50 mm

kg

3
m
yM:: 1 .30

qk:: 350 .

fux=600+MPa
fesok:=5.1+-MPa
=1.3

YM.connection':

Kmoq=0.6



Axial design withdrawal capacity of the screw

1.5

“Nemm >=23.572 MPa

3
m

kg
f ax.k

2

(sin(a)) +1.5-(cos (a))

3

fax.k::3'6' 10 - P

—_
~———

fax.a.k:: 5 =21.43 MPa

For screw 8,0x120mm:
0.8

-2 2
Fax,a.Rk,1::<n'd'/eﬁ1'mm ) 'fax,a.k'mm =8.651 kN

For screw 8,0x100mm:
0.8

) 2
Fax.a.Rk.Z::<n'd'/eﬁ2'mm ) foxax+mm =6.668 kN

Maximal axial tensional load in bracing:

F

ax.

Fax.Rd‘:< Rd.7+FaX.Rd,2> =7.071 kN

Embedment strength of timber

-0.3

<d-mm_1> “N-mm *=15.38 MPa

m,

kg )

(
fnk=0.082- |\Qk'

Yield moment of a screw

mmz\ 26
M, }l-(d-mm ) .N-mm=(2.006-10

(
=015 fue

:B =1
F -k
Fax,Rd,1 — ax.a.Rk.1* “mod —3.993 kN
YM.connection
F -k
Fax,Rd,z — ax.a.Rk.2 * “mod —3.078 kN

YM. connection

4) N-mm



Shear strength for the screw 8,0x120

Failure mode (a): Forca:=fni+t;+d=5.537 kN
Failure mode (b): Forip=fnit+d=11.689 kN
Failure mode (c):
( ( 2\ 2 \
ot t, [t,) (t,) [ [\ F
Fue= | ' R e I e I B A A E
T+ \ t \t1)) \t1) \o\a))) 4

ted [ 4.8-Q2+B) M ) F
Fv,Rk,d::1-05'M71’!\/2'5'<1+B>+ - f> SR Bl 4—2RET _ 4543 kN

2+P \ Jokety +d ) 4

ctyed | 4.8-(1+2.)-M \ F
FV,Rk,e==1-05'fh'k 2 '!\/2'52 C(11h)+ B-( 2.3> prc gy Faxamkt g 4oa gy

1+2-B \ Jokets +d }I 4
( \ F

Fopep=1.15 |\ % (2-m Rk'fh.k'd>}|+ aX'ZRk'7 =4.718 kN

+

o Fv.Rk'kmod
Fy.re:=min <Fv.Rk.aaFv.Rk.b’Fv.Rk.chv.Rk.da Fv.Rk.evFv.Rk.f> =4.543 kN Fyrd1:=————=2.097 kN
Y M.connection
Shear strength for the screw 8,0x100

Failure mode (a): Forca:=fni+t;+d=5.537 kN
Failure mode (b): Forip=fnkt+d=11.689 kN

Failure mode (c):

( ( \2) 2 \
t, (¢t (t,) [ (t,\\| F
Frrkct= L! B2 1142 +|—| |+8° | 2| —B-[1+| 2|l +-22B2 _ 5617 kn
T+ | \ & \t)) \&1) \o\G))) 4
vtyed [ 4.8-(2+PB)-M \F
Foregi=1.05. 271 -!\/2-,8-(1+,8)+ B [23) P |+ 242 = 4,048 kN
2+P \ Jokety -d ) 4
ted | 4.8-(1+2.B)-M \ F
Fv.Rk.e::1-05'ch(—2'!\/Z-BZ-<’|+B)+ B-( 2/3> V.Rk —ﬁ!"‘ axark2 _c g7y
1+2:8 { Jrkty +d ) 4
( \ F
Fv.Rk.f==1.'|5|\ 12 [; (2 M, g+ Foi+d) }|+ “X':Rk'2:4.222 kN
+
—mi Fv.Rk'kmod
Furi=min (Fypcas Furin > Furkes Frrkds Furkes Furky) =4.048 kN Fipazi=————=1.868 kN

yM.connection

Shear strength of the connection

Fv,Rd:: FV.Rd.7 +FV.Rd.2:3'965 kN



Axial strength and shear strength combined in connection

By taking as a foundation formula EC5 (8.28):

l/'L—ax.Ed\2 +/Fv,Ed\|2
\Fax.Rd} \Fv.Rd)

Maximal axial load in one bracing is being calculated:

2 2
Fax.Rd ° Fv.Rd
> =5.901 kN

Ngqi= 5
Fv.Rd2 -sin <a> +Fax.Rd2 +COs (Cl)

Nrad

FV.Rd I

A
]

Fax.Rd.1 Fax.Rd.Z

SCLLETTTTD

YT

Screw 4,0x50

AS—
— e

Screw 8,0x120

Screw 8,0x100
Screw 8,0x120



Screws in Ecococon panel calculation for a traverse connection

Wood type:

Width of wooden element:
Height of wooden element:
Screw angle:

Screw length:

Screw diameter:

Threaded part of the screw 8,0x80:

Charac. density of the timber
Partial factor for material properties:

Charac. tensile strength of each screw:

Charac. load-carrying capacity of axially loaded screw:

Material factor for connections:

Factor for duration loading and service:

C24
t;:==25-mm
t,:=45.-mm
a:=0.deg
l¢:=80+mm
d:=8.-mm
lg3:=50 mm

qk::350-k—g3
m
yM::1'3O
f.=600-MPa
fesok:=5.1-MPa

Y.connection*=1-3

kmod:: 06

Axial design withdrawal capacity of the screw

1.5
3
m

kg
f ax.k

2

(sin(a)) +1.5+(cos(a))

Foxi=3.6-10"+|q, Nemm 2=23.572 MPa

~——

foxak= —=15.715 MPa

For screw 8,0x80mm:
0.8

-2 ’ 2
Fox.arki= <1T-d-/eﬁ3-mm > foxaxsmm =4.122 kN
Maximal axial tensional load in connection:

Fox.ra™=Faxra.1+2=3.805 kN

F

ax.

B=1
F

-k
.a.Rk d
pg =07 — 1,902 kN

Y M.connection



Embedment strength of timber

([ m?) W
fox:=0.082-|q-—|-(d-mm ") -N.mm~=15.38 MPa
\" kg
Yield moment of a screw
2.6

( 2) .
My.Rk::0.15-|\fu.k-mm )|-<d-mm 1) -N-mm:<2.006-104> N-mm

Shear strength for the screw 8,0x80

Failure mode (a): Forca=fni+t;+d=3.076 kN
Failure mode (b): Foripi=fni+tr+d=5.537 kN
Failure mode (c):
’ (6 (V) [t [ (0
L\ F
Frke= fhk—' B+2-B" -1+ |—2| |+’ |—2| B+ | 2| R 5937 kN
148 |\ \ 3 \t1) ) \&1) \ \t))) 4
ty+d | 2+ \ F
Fv.Rk.d==1-05-fh'k—7-!\/2-B-<1+B) A-Q+F)-M PR |+ =2.829 kN
2+P \ fh.k't7 -d ) 4
otyed ( 4.B(14+2.
FV.Rk.e==1-05-fh'k72-|\/2-,82-<1+,8>+ p-{1+2-5)-M —BI Forark _3 411 v
1+2-B I\ fh.k'tz -d } 4
[ ]2. \ F
FV,Rk,f=:1.15|\ %-(2-Mlek-fh'k-d>}l+ "XZ'Rk:3.585 kN
+
, Fv.Rk'kmod
Fy r:=min <Fv.Rk.avFv.Rk.b’ Forces Furias Fv.Rk.evFv.Rk.f> =2.829 kN Fopagi=—=1 .306 kN

YM.connection



Shear strength of the connection
F,ra:=F,pa1+2=2.611 kN

N gi=min (F,pq, Foxpg) =2.611 kN

FV.Rd

Screw 8,0x80

Screw 8,0x80

Screw 6,0x120 Screw 8,0x80



Double vertical post load bearing in long term-duration loading

Wood type: C24

Width of wooden element: b:=90 mm
Height of wooden element: h:=95 mm
Buckling length about x axis: l,:=2.886 m
Buckling length about y axis: l,:=0.962 m
Factor for support condition at the ends of the element: Pyi=1 py=1
Factor for solid timber straightness: B.:=0.2
Charac. wood compression strength parallel to the grain: feok=21 MPa
Charac. wood modulus of elasticity parallel to the grain: Eo.05:=7400 MPa
Factor for duration loading and service: Koq:=0.6
Partial factor for material properties: yiy:=1.30

Design wood compression strength:

k .
fc.o.d’:MI 9.692 Lz

Ym mm
Cross-sectional area:
Ai=b-h=855 cm’
Second moment of area:
_hb heb’

l=———=643.031 cm"  |:=——=577.125cm"
12 12

Radius of gyration:

1 1
iyi=\|==27.424 mm =\~ =25.981 mm is=min (iy,i,) =25.981 mm
A

A

Design element length:

/eﬁx::/*’x'/x:2-886 m leﬁy::yy‘/y:0-962 m



Slenderness ratio:

/
Ae=—2%=105.236 A,

Ix

Relative slenderness:

Arel‘:i' fc.O,k

=1.784
n Eo.05

Instability factor:

k:=0.5. (1 +Bc' <Arel_ 03) +Arelz>

k.:= ! =0.278

-
k+Vk* =1,

Design buckling strength:

ke fo0q=2.696 ——

mm

/
=% =37.027

ly

=2.241

A:=max (A,,A,) =105.236

Y

Compressive stress/Design buckling strength equation :

N, =f.oxA-k.,=49.936 kN

NC.d ::fC.O.d 'A . kC: 23048 kN




Single vertical post load bearing in long term-duration loading

Wood type:
Width of wooden element:

Height of wooden element:

Buckling length about x axis:
Buckling length about y axis:

Factor for support condition at the ends of the element:

Factor for solid timber straightness:

Charac. wood compression strength parallel to the grain:

Charac. wood modulus of elasticity parallel to the grain:

Factor for duration loading and service:

Partial factor for material properties:

Design wood compression strength:

K. e N
fc,o,d’: mod fc.O.k —9.692 .
Ym mm
Cross-sectional area:
A:=b-h=42.75 cm’
Second moment of area:
3 3
= 31516 em® =" —72041 em®
12 12

Radius of gyration:
: Iy
=\ = 27.424 mm

Design element length:

L=y l,=2.886 m

. I,
iy=\== 12.99 mm
A

legy =ty

l,=0.962 m

c24

b:=45 mm
h:=95 mm
l,:=2.886 m
l,:=0.962 m
Pri=T1 py=1
B.:=0.2
feok=21 MPa

E 5= 7400 MPa
Kpog:=0.6

yM = 1 .30

i=min (i, i) =12.99 mm



Slenderness ratio:

/
Ae=—2%=105.236 A,

Ix

Relative slenderness:

_i_ fc.O,k

Aregi= =1.784

T Y Epos
Instability factor:

k:=0.5. (1 +ﬁc' <Arel_ 03) +Are12>

K= ! —0.278

C
k+Vk* =1,

Design buckling strength:

ke fo0q=2.696 ——

mm

/
=% 74,055

ly

=2.241

A=max (A,,A

Compressive stress/Design buckling strength equation :

N,y =f.oxA-k.=24.968 kN

Negi=f.0q°A-k.=11.524 kN

)=105.236

Y




Composite vertical post load bearing in long term-duration loading

Wood type:

Width of wooden element:

Height of wooden element:

Thickness of plywood element:

Width of plywood element:

Clear width between two wood elements:
Plywood between two posts area:

For I-beam section [EC5 9.1.1 (8)]:
Buckling length about x axis:

Buckling length about y axis:

Factor for support condition at the ends of the element:
Factor for solid timber straightness:

Charac. wood bending strength:

Charac. wood compression strength parallel to the grain:

Charac. wood tension strength parallel to the grain:
Wood modulus of elasticity parallel to the grain:
Wood modulus of mean elasticity parallel to the grain:
Charac. plywood compression strength:

Charac. plywood tensile strength :

Charac. plywood panel shear strength :

Charac. plywood rolling shear strength :

Plywood modulus of mean elasticity:

Plywood mean modulus of rigidity:

C24

b:=45 mm
h:=95 mm
b,:=12 mm
H:=400 mm
h,:=210 mm

A,=b,~H=0.005 m’

bef::ﬂ:6 mm
l:=2.886 m
l,-=0.689 m
py=1 py=1
B:=0.2
fnki=24 MPa
feox=21 MPa
frox:=14 MPa

Ep.05:=7400 MPa
Eo.mean=11000 MPa
Jfo.cook=24.3 MPa
Jfor90k=35 MPa
fovk=9.5 MPa
forki=2.78 MPa
Ep.c.90.mean=6781 MPa

p

Gy mean =620 MPa



Factor for duration loading and service: Kmoq:=0.7

Factor for load shearing: kes:=1.0
( 02 )
1
Factor for solid timber - bending and axial tension: ky,:=min L{M} ) 1 .3}! =1.096
Deformation factor for for solid timber class 1: Kger:=0.6
Deformation factor for for plywood class 1: Kdefw=0.8
Partial factor for wood properties: Ymp=1.30
Partial factor for plywood properties: Virw:=1.25
Buckling resistance condition with beam k.:=1
laterally supported along its compression
flange:
Geometric properties - transformed sections
Transformed web thickness (into wood):
([ E \ 8
Buigai=| by~ | =7.397 mm
\ 0.mean /
Second moment of area of the flanges (into wood): s| =
3 ~ <
=22 H - 2:b (H=2-h) —(4.105.10°) mm*
12 12 2
3 3
/ef:fy::Z.b 'H_Z'b -(H—Z.h>:<2.886.106> mm4
12 12 ' . .
LOAD CENTER
Second moment of area of the web: Pic1. Analyed cross-section
3 3
b, e H b H
/ef.w.x==%:(3.945-107) mm* Ly =—2 " = (1.349.10°) mm*

Instanteous second moment of the tranformed section:

8 4
/e]fx:: lef.f.x"'/ef.W_x: <4.5 <10 > mm

~ . ' -~

6 4
lugy=ogy + lepuny = (2.899-10°) mm



Factor for quasi-permanent value of variable action:

¢2 = 03

Transformed web thickness (into wood):

( Ep.c,90.mean\ 1+ o Kaeg =7.04 mm

bc.w.tfd: | by
\ EO.mean } 1+¢2'kdef.w

3

3
beia- H Pewga -H
Zemdd’ T _(3754.107) mm” lc,eﬁw.y::%:<1'163.104> mm’

/c.ef.w.x::
8 4 6 4
leepi=lefpx+leormx=4481-10°) mm* Iy i=lry +1eop,=(2.897:10°) mm
CrOSS-SeCtional area.
A=b-h-4+A,=219 cm’

Second moment of area:
4

,=(2.897.10°) mm*

himlex  h=(4481.10") mm* 1=l
be o He 4 20beH —2-be (H—2+h)
= el —(1.926.10°) mm’
6
2 2
bewga *H+(2+b) «H—(2:b) -(H—2-h) 5 s
- : —(2.598.10°) mm

Radius of gyration:

[ [
iy=\|-=143.04 mm i,=\|Z<=11.502 mm is=min (i, i,)=11.502 mm
A

Design element length:

lef.x::/Jx'/x:Z-ss6 m /eﬁy=:ﬂy°/y=0.689 m
Slenderness ratio:
/ /
szﬂ:20176 Ay:ﬂ:59903 A:=max <AX’Ay>:59903

ly

Ix



Relative slenderness:
A A [
Are/.x::_x' fC.O.k =0.342 Are/.y::_y' fCOk —-1.016
T Y Eyops

L3 Eo.05

Instability factor:

k=0.5-(1+ BC- (Arerx—0.3) + A1) =0.563 0.5+ (14 Bc+ (Areyy—0.3) +e,” ) =1.087

ky::

! —0.678
2

_0.991 k
k, +\/k - k +\/k Arely

rel X

Axial strength in compression:

Kmog * Kys fCOk_1‘I.308 MPa
Yms

c0.d*=

Axial strength in tension:

k ‘k Ok .
mod * "h * Rsys fr'o'k:8.26 MPa

froa=
Yms

Compressive stress/Design buckling strength equation :

ckx ::fc.O.k -A- kc.x: 455.559 kN Nc.k.y’:fc.o.k A kc.y: 311.629 kN

=f.0q"A-k_,=245.301 kN Neayi=fo0q-A-ke,=167.8 kN

cdx

4% _11.201 MPa Ocndyi=—2Y =7.662 MPa

Ocodx*=
Design wood bending strength:

kmod'kh sys fmk —14.159 MPa
Yms

m.d*=

Moment about the axis x-x:

H h
e,;=———=1525mm e.:=0mm

M, g:=Ng,-€,=37.408 kN-m M, qgi=Ne g, €,=0 kN-m

Bending strength of the web in compression:

kmod sys fpc90k —13.608 MPa
Ymw

fc.w.d‘:



Bending stress in top and the bottom flange:

Mya H
/ 4 . = =16.697 MPa aﬁcmax,d.y:ﬂ-%:o MPa

2

Ofcmax.dx*=
cefx

Bending strength of the web in tension:

k k. o
mod * "sys fp.t.90.k —19.6 MPa

fc.w.d:=
yM.w

Bending stress in the web:

M (E \ M (E \
Owemanan =S | TPEOMEN 16 249 MPG 0,y mggyi= 2L+ 2| TEERMN ) g ppg
/ ef.x 2 \ E 0.mean } l efy 2 \ E 0.mean }

Axial stress in the top and bottom flange:

Mx.d

-e,=12.731 MPa

Ofcmax.d.c’=
cefx
Design buckling strength:

ke-fooa=11308 —

mm

Checking combined compression and
bending stress condition about the x-x axis:

Oco.dx of. c.max.d.x
+

= =2.179
kc.x 'fc.O.d fm.d
N
N gx final = —% = 112.563 kN
— Oco.dy —1
kc.y'fc.O.d

N
Nc.d.y.ﬁnalzz%: 167.8 kN

Nedmax= Nc.d.x.finaI: 112.563 kN



Composite vertical post near window load bearing in long term-duration loading

Wood type:

Width of wooden element:

Height of wooden element:

Thickness of plywood element:

Width of plywood element:

Clear width between two wood elements:
Plywood between two posts area:

For |I-beam section [EC5 9.1.1 (8)]:

Buckling length about x axis (minus minimal lintel height):

Buckling length about y axis:
Factor for support condition at the ends of the element:
Factor for solid timber straightness:

Charac. wood bending strength:

Charac. wood compression strength parallel to the grain:

Charac. wood tension strength parallel to the grain:
Wood modulus of elasticity parallel to the grain:
Wood modulus of mean elasticity parallel to the grain:
Charac. plywood compression strength:

Charac. plywood tensile strength :

Charac. plywood panel shear strength :

Charac. plywood rolling shear strength :

Plywood modulus of mean elasticity:

Plywood mean modulus of rigidity:

C24

b:=45 mm

h:=95 mm

b, =21 mm
H:=400 mm
h,:=210 mm
A,=b, H=84 cm’

by,
bep=—-=10.5 mm
2

l,:=2.886 m—0.4 m=2.486 m

I,/=1.007 m
pr=1 =1
B.:=0.2
fmii=24 MPa
feok=21 MPa
frok=14 MPa

Ep.05:=7400 MPa
Eo.mean=11000 MPa
Jo.co0k=25 MPa
Jfo.r904=36 MPa
fovk=9.5 MPa
forki=2.59 MPa
Ep.c.90.mean = 7642 MPa

p

Gy mean =620 MPa



Factor for duration loading and service: Kmoq:=0.7

Factor for load shearing: kes:=1.0
( 02 )
1
Factor for solid timber - bending and axial tension: ky,:=min L{M} ) 1 .3}! =1.096
Deformation factor for for solid timber class 1: Kger:=0.6
Deformation factor for for plywood class 1: Kdefw=0.8
Partial factor for wood properties: Ymp=1.30
Partial factor for plywood properties: Virw:=1.25
Buckling resistance condition with beam k.:=1
laterally supported along its compression
flange:
Geometric properties - transformed sections
Transformed web thickness (into wood): 2y
([ E \
Buiga=| by —L=22T | =14.589 mm 5
\ 0.mean /
Second moment of area of the flanges (into wood):
3
3 =3 =]
. . — 2 Fl N ]
legrxi= b-H - b <H 2 h> :<2.053-108> mm”
12 12
b>.H b>.(H=2.h) 6 4
[ - —(1.443-10°) mm —
12 12
Jif LOAD CENTER
Second moment of area of the web: Pic1. Analyed cross-section
3 3
b, s+ H b -h
/ef.w.xz%:bjm 07) mm* 1y, =t T (2.458.10°) mm*

Instanteous second moment of the tranformed section:

4

8 6 4
Lot = lappxH g =(2.831-10°) mm* Iy =gy + g, = (1.467-10°) mm

~ . ' -~



Factor for quasi-permanent value of variable action:

¢2 = 03

Transformed web thickness (into wood):

[ E \ 14,0k
p.c.90.mean ¢’2 deff =13.883 mm

bc.w.tfd: | by
\ EO.mean } 1+¢2'kdef.w

3

3
b .H b H
/C,ef,w.x::ic'w'tf‘; =(7.408.107) mm"* I, = 76'”“;"‘; —(8.92.10*) mm*

8 4 6 4
leepi=lefpx+Hleermx=(2793-10°) mm* Iy i=lry + ooy =(1.532:10°) mm
Cross-sectional area:

A=b-h-2+A,=169.5 cm’

Second moment of area:
4

,=(1.532.10°) mm*

himlex  h=(2793-10°) mm*  1=1,,
be o He 4 20beH —2-be (H—2+h)
= el : —(2.109.10°) mm’
_ bc.w.tff-H+<2-b>2-H—<2-b>2-<H—2-h> _(2.693-10°) mm’®
= 6 =\Z. . mm
Radius of gyration:
/ /
ix.:\/z:128.37 mm /y::\/1:9.507 mm i==min (i,i,) =9.507 mm
A A
Design element length:
lepx:=Hy+1y,=2.486 m legy:=Hy+1,=1.007 m
Slenderness ratio:
I I
Ae=—2%=19.366 A=-% =105.921 A=max (A1) =105.921
/

Ix



Relative slenderness:

A
pWp——. Jeok _g 308 Nreryi=LA| Jok _4 796
Eoos T VY Egos
Instability factor:
2 2
kyi=0.5+ (14 Ber (hrer—0.3) + Ay ) =0.557 =05+ (14 Bee (Arasy—0.3) + 4,1, ) =2.263
1 1
k.= \/—2 =0.994 Key= \/—2 =0.275
k +Vk relx k +Vk rely
Axial strength in compression:
fc0d _ mod sys chk —11.308 MPa
Yms
Axial strength in tension:
k. ok, ok
ft,o,d:: mod * ™h * Rsys fr.O.k —8.26 MPa
Yms
Compressive stress/Design buckling strength equation :
CkX fCOk A kCX_353 701 kN NC.k.y::fC.O.k.A.kC.y:97'828 kN
Nedx=fcoa*A+Kex=190.454 kN Nc.d.y::fc.o.d'A‘kc.y:52-676 kN
N N
O guni=—25=11.236 MPa Oc0dyi=—2Y=3.108 MPa
A
Design wood bending strength:
Keod® Ky
fmd:: mod * "h* sys fmk_,l4.,|59 MPa
Ymf
Moment about the axis x-X:
H h by b
e,:==———=152.5 mm ey:=—+—=33 mm
2 2 2 2
M, 4:=Negx-€,=29.044 kN-m M, q:=Neg,+e,=1.738 kN-m

Bending strength of the web in compression:

k
fcwd‘: mod * sys fpc90k_,|4 MPa

yM. w



Bending stress in top and the bottom flange:

de H

Ofcmax.dx*= —=20.797 MPa
cefx
Bending strength of the web in tension:
k
fC,W,d:: mod * sys fpt90k —20.16 MPa
Ymw
Bending stress in the web:
de H / c90mean\
Ow.cmax.dx*= |

Ief,x 2 \ EOmean }

Axial stress in the top and bottom flange:

Mx.d .

Ofcmax.d.c'= e,=15.858 MPa

cefx

Design buckling strength:

ke-fooa=11308 —

mm

Checking combined compression and
bending stress condition about the x-x axis:

Oco.dx of. c.max.d.x
+

= = 2.469
kc.x 'fc.O.d fm.d

N
Nc.d.x.ﬁna/==‘7"'x=77.1 45 kN

(¢ g
_ c0.dy n f.c.max.d.y —1.456
kc.y'fc.O.d fm.d

N
Nc.d.y.fina/ :=%: 36.184 kN

N d.max=Nc.dy fina=36.184 kN

14.256 MPa

My.d
Gf.c.max.d.y::V =6.454 MPa

My.d . (Ep.c.90.mean\

o |=4.484 MPa
W,

w.c.max.d.y ‘=

y \ Eo.mean }




