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ANALYSIS SAMPLE 01/2014

Disclaimer

The below presented structural analysis is an exemplified calculation. This calculation is solely a proposal for a design approach. This struc-
tural design proposal must be verified and approved regarding completeness and correctness by the project structural engineer in charge.
Stora Enso Wood Products GmbH excludes all liability for the completeness or correctness of the analysis below. The project structural en-
gineer is not allowed to use the calculation towards third parties. For further use in the project he has to produce his independent calculation.
The below calculation does not constitute any warranty or representation for the product Cross-Laminated-Timber.
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ANALYSIS SAMPLE 01/2014

1. General

This document shall explain point support situations on CLT in a practical way, by means of an analy-
sis sample. CLT is a load bearing shell element (or slab) that is capable of spanning in 2 directions.
This capability makes point supports very attractive. A typical situation would be a CLT slab that is di-
rectly supported by a column, without a beam as load distributing element in between. Such structures
can create very efficient and elegant solutions.

There are not many research documents related to shear stress at point supports on CLT slabs yet.
The most relevant information could be found in the doctoral thesis by Dipl.-Ing. Peter Mestek (Mestek,
2011). Additionally to the shear analysis, the bearing pressure needs to be analyzed.

2. Analytical equations and theory

The design of point supports includes the shear analysis and the bearing pressure analysis (cross
grain bearing) on the CLT.

2.1. Shear analysis (Mestek, 2011)

The critical design criterion for point supports on CLT is the rolling shear analysis. The images below
indicate the relevant section for the shear design (Mestek, 2011):
left side: situation in the center of a slab; right side: situation at a corner of the slab
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The relevant design equations for the cases described above can be found in the table below (Mestek,

2011):
System Point support or point load in the Point support or point load in the
center of a CLT slab corner of a CLT slab
Shear force x-direction V.. =033.n"".F V,, ~067-n°".F
y-direction V,,=05-F-V, V,,~F-V,
x-direction b, =b,, +d-tan35° b, =b,, +d/2-tan35°
Tributary width
y-direction bery = Ber b, = by,
V../b vV _Ib
x-direction Thy = ﬁ Th = #erxd) k,
Rolling shear stress R (9, y) Rt (dy y
y-direction Thye = Vyz / bef.y Tay = Vyz / bef.y k,
, kRvY ’ (dx * dy ) ) kR,y ) (dx + dy )
Number of 5 7 9 11 baxld or <10 | <15 | <20
layers by, ld
Kgx 2,00 2,50 3,33 3,89 factor k , 1,35 1,50 1,65
Kry 1,00 2,00 2,50 3,33

Certain limitations apply to the model, described above:
= Support surface is square

= The thickness of the layers in principal direction d, and thickness of the layers in cross direction d, are equal

= The layering of the CLT section is symmetrical
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2.2. Shear analysis for reinforces supports (Mestek, 2011)

Similar to the reinforcing method for glulam beams, CLT can be reinforced as well, suing fully threaded
screws. The images below indicate the relevant section for the shear design (Mestek, 2011):
left side: situation in the center of a slab; right side: situation at a corner of the slab
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a
az,ef = max. {bef,x/nJ_
n. is the number of screw rows perpendicular to the related bearing direction

The bearing pressure for reinforced sections includes a component for plain bearing pressure and a
component related to the screws. Therefore the bearing pressure shall be analyzed as follows:

Fk + Rax,k/\/E

efx bery 017 Qzef

Oc90,k = b

For the verification of the rolling shear stress, the rolling shear form an unreinforced CLT slab is being
compared to the design rolling shear capacity of the reinforced CLT slab as follows:

kmod ' fR,k
Ym

TR,d <
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The bearing capacity for the reinforced section shall be:

z Rax i /N2
frk = kroo " fri + ax—
Ay " Az er
Km0 = min.{l ' 0’i52'00-6’90.k Gco0k IN N/mm?

2.3. Bearing pressure (Wallner-Novak, 2013)

The design equation for bearing pressure perpendicular to the grain is as follows:

- __ Pooa <f _ fesok  kmoa
¢,90,d kc,90 'Aeff = J¢90,d Y
| | | I Il |
| L | | | d

il/l 1 1 1

| = T 1 i i L

===
Sources:
The effective area A is based on the theory by Prof. Dr.-Ing. Hans Joachim Blass (Blass & Gor-
lacher).

The kego values for CLT are according to (Bogensperger, Augustin, & Schickhofer).
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2.4. Bearing pressure for reinforced sections

In order to increase the bearing pressure capacity of a CLT section, reinforcement with fully threaded
screws can be used. The following design procedure was taken from the European technical approval
for Rothoblaas, ETA-11/0030 (Rothoblaas, 2012).

Compression reinforcement

“VGS” and “VGZ” screws with a full thread may be used
for reinforcement of timber members with compression
stresses at an angle o to the grain of

45° < o < 90°. The compression force must be evenly dis-
tributed over all screws. The characteristic load-carrying
capacity for a contact area with screws with a full thread at
an angle a to the grain of 45° < o < 90° shall be calculated
from:

F — min {kc,% “Aess  feook + 1 min{Fay ric; Frirk)
90,Rk = I ‘1l f
ef,3 ‘ef,2 Jc90k
Where
Foo,rk load-carrying capacity of reinforced contact area [N]
Ke,90 factor for compression perpendicular to the grain ac-
cording to EN 1995-1-1:2008, 6.1.5
B bearing width [mm]
At Effective bearing contact area according to item 2.3
above
lef1 effective length of contact area according to EN 1995-1-

1:2008, 6.1.5 [mm]

ook characteristic compressive strength perpendicular to
the grain [N/mm?]

n number of reinforcement screws,
N=No * Ngo

No number of reinforcement screws arranged in a row
parallel to the grain

Ngo number of reinforcement screws arranged in a row
perpendicular to the grain

Fax Rk characteristic axial withdrawal capacity [N]

Fyi e characteristic buckling capacity [N]

lef 2 effective distribution length in the plane at the screw
tips in x-direction[mm]

let2=let+ (Ng- 1) = a; + min (le; a1,c)

for reinforced end-bearings [mm]

leg2=2 + I+ (no-1) + a; for reinforced centerbear-
ings [mm]
lef 3 effective distribution length in the plane at the screw

tips in y-direction[mm]
ler2=let+ (No-1) = @i+ min (ler; ai,c)
for reinforced end-bearings [mm]

leg2=2 * leg+(no-1) = a for reinforced centerbear-
ings [mm]

lef point side penetration length [mm]

a spacing parallel to the grain [mm]

aic end distance [mm]

Reinforcing screws for compression shall be arranged
according to Annex C of ETA-11/0030. Reinforcing screws
for wood-based panels are not covered by this European
Technical Approval. The characteristic buckling capacity

Fiireshall be calculated from:  Fkirk=1wc * Npk  [N]

where
1 for A, 0,2

Ke s l— L forR >0

k+k2 -7

k =0,5-[1+0,49-(Xk —0,2)+X§]

The relative slenderness ratio shall be calculated from:

— Npl.]s
P =
Nki,k
[-]
where
R
Npl.k =T 4. ty.k
[N]

is the characteristic value for the axial capacity in case of

plastic analysis referred to the inner thread cross section.

Characteristic yield strength of screws from carbon steel:

fyx = 1000 [N/mm?]

Characteristic ideal elastic buckling load:
Ny =+ EsIg

[N]
Elastic foundation of the screw:

¢, =(0.19+0.012-d)-p, { 180:)0 . J
[N/mm?Z]

Modulus of elasticity: Es = 210.000 [N/mmZ]

Second moment of area:
T
Ig=— d;‘
64 [mm4]
d; = inner thread diameter [mm]
Note: When determining design values of the compressive
capacity it should be considered that fy 4 is
to be calculated using kg and vy, for timber according to
EN 1995 while Ny, 4 is calculated using ym, for steel
according to EN 1993.
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3. Analysis sample - unreinforced

A CLT floor slab shall be supported by 5 point supports — one at each corner of the CLT slab and one
in the center of the slab. The ULS design shall be performed for the given support condition

3.1. Geometry & load assumption
The following image has been taken from the finite element software RFEM by Dlubal.

Geometry & material:
CLT 200 L5s, pine C24
Length I =7,00 m
Width w =2,95 m
End plates of the steel columns are all 200 x 200 mm. These end plates are the supports for the given slab.

Loading:
Dead load: self-weight of the CLT slab + a surcharge of 1,5 kN/m?
Live load: 2,00 kN/m?
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3.2. Support reactions by FE software
The support reactions have been taken from the finite element analysis software:

Center support:
= DL =28,59 kN

LL =22,87 kN

Design support reaction (governing load combination):

Py = ZYG,] “Grj+ Vo1 Qra 'ZVQ,i Vo Qk.i

i
Peentera = 1,35-DL 4+ 1,50 LL = 1,35 28,59 kN + 1,50 - 22,87 kN = 72,90 kN
Corner supports:
DL = 5,76 kN
LL = 4,16 kN

Design support reaction (governing load combination):

Peornera = 1,35 DL + 1,50 - LL = 1,35+ 5,76 kN + 1,50 - 4,61 kN = 14,69 kN

X': 0.00 kN

Y: 0.00 kN . ‘|4 61
-Z':0.00 kN 5 9‘9\2 H\l.
Screenshot RFEM: DL support reaction Screenshot RFEM: LL support reaction
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3.3. Shear design for point support
3.3.1. Center support
Viza =033-n7% - Pooprora = 0,33-57%1-72,90 kN = 20,47 kN
Vyza = 05" Peentera — Vaza = 0,5 72,90 — 20,47 = 15,987 kN
befx = befy = byx + d-tan35° =200 mm + 200 mm - tan35° = 340 mm

~ Viz.a 3 20470 N
TRxz,d = besx Krx ' (dy +dy) " 340 mm - 2 - (40 + 40)

= 0,37 N/mm?(not governing)

_ Vysa _ 15.987 N
Rzl = kay - (dx +dy)  340mm -1 - (40 + 40)

= 0,58 N/mm?(governing)

1,70
m
fR,k,pine =min tmax,cross layer [mm] -=190- = 1,50 N/mmz
1,90 — 100
100
k 1,50 N/mm? - 0,80
TRyzd = 0,58N/mm? < frq = Tk Fmoa = / =092N/mm? - o.k. v
o ' Ym 1,30
Utilizati te UR 0,58 N/mm” 0,63 — 63%
r = ————————=0, -
ilization rate 0,92 N /mm? 0

3.3.2. Corner support
Viga = 0,67 0% Pryrner g = 0,675 14,69 kN = 8,38 kN
Vyz.d = Pcorner.a — Vaza = 14,69 — 8,38 = 6,31 kN

d - tan35° 200 mm - tan35°
bef,x = bef,y = bA,x + T =200mm + > =270mm

_ Viza I = 8.380 N
TRxzd = bef,x . kR,x (dy + dy) A 270 mm -2 - (40 + 40)

- 1,35 = 0,26 N/mm?(not governing)

~ Vysa = 6.310 N
TRyzd = bery kry (dy+dy) "4 270mm -1 - (40 + 40)

1,35 = 0,39 N/mm?(governing)
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fripine = 1,50 N/mm®  (see above)

fR,k ' kmod _ 1,50 N/mmz - 0,80

Trxza = 0,39N/mm? < fpq4 = =092N/mm? - o.k.v

VM 1,30
Utilizati te UR = —0’39 / i =0,42 — 42%
Liization rate 0,92 / 2 , 0

3.3.3. Conclusion from shear design

In both cases, at the center support and at the corner supports, the design shear stress does not ex-
ceed the design rolling shear strength — o.k.

3.4. Bearing pressure analysis

3.4.1. Center support

P.onterd 72.900 kN
= — = =0,74N 2
Teo0d = Agrr  1,9-[200mm - (2 - 30 mm + 200 mm)] fmm
feook * Kmoa 2,5 N/mm?-0,80
feo0a == . 2 = 130 = 1,54 N/mm?
O0¢90,d = 0,74 N/mmz < fC,90,d = 1,54‘N/mm2 o0k v
o 0,74 N/mm?
Utilizationrate UR = ————— = 0,48 — 48%
1,54 N/mm
3.4.2. Corner support
P, 14.690 kN
corner,d __ =023N /mmz

7600 = o Aepy | LA+ [200mm - (30 mm + 200 mm)]

-k 2,5 N/mm?- 0,80
fes0a = Jesoi Kmoa = / = 1,54 N/mm?
90, Var 1,30

0c90a = 0,23N/mm? < f. 904 = 1,54N/mm? — 0. k. v

0,23 N/mm?

sa Njmm 0,15 — 15%

Utilization rate UR =
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3.4.3. Conclusion from shear design

In both cases, at the center support and at the corner supports, the design bearing pressure does not
exceed the design compressive strength of C24 timber, perpendicular to the grain (cross grain bearing)
— o.k.
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4. Analysis sample - reinforced

A CLT floor slab shall be supported by 5 point supports — one at each corner of the CLT slab and one
in the center of the slab. The ULS design shall be performed for the given support condition.

This are the same assumptions as in the case above, just with increased loads, so reinforcement is
required.

4.1. Geometry & load assumption
The following image has been taken from the finite element software RFEM by Dlubal.

Geometry & material:
CLT 200 L5s, pine C24
Length I =7,00 m
Widthw =2,95m
End plates of the steel columns are all 200 x 200 mm. These end plates are the supports for the given slab.

Loading:
Dead load: self-weight of the CLT slab + a surcharge of 2,6 kN/m?2
Live load: 5,00 kN/m2
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4.2. Support reactions by FE software
The support reactions have been taken from the finite element analysis software:

Center support:

= DL=41,17 kN
LL =57,19 kN

Design support reaction (governing load combination):

Py = ZYG,] “Grj+ Vo1 Qra 'ZVQ,i Vo Qk.i

i

Peentera = 1,35-DL 4+ 1,50 - LL = 1,35-41,17 kN + 1,50 - 57,19 kN = 141,36 kN
Corner supports:

DL = 8,29 kN

LL =11,52 kN

Design support reaction (governing load combination):

Peornera = 1,35 DL + 1,50 - LL = 1,35 - 8,29 kN + 1,50 - 11,52 kN = 28,47 kN

Screenshot RFEM: DL support reaction Screenshot RFEM: LL support reaction
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4.3. Shear design for point support
4.3.1. Center support
Shear analysis for the unreinforced section.
Veza =033-n7% - Poppiorqa =0,33-57%1-141,360 kN = 39,72 kN
Vyza = 0,5 Peentera — Vaza = 0,5 141,36 — 39,72 = 30,96 kN
befx = befy = byy +d - tan35° = 200 mm + 200 mm - tan35° = 340 mm

~ Vera B 39.720 N
TRxzd = befxkryx'(dy +dy)  340mm -2 - (40 + 40)

= 0,73 N/mm?(not governing)

Vyza 30960 N
Ryzd = e " (d. +dy) 340 mm -1 - (40 + 40
ef,y Ry ( X y) mm ( )

= 1,14N/mm?* (governing)

1,70
m
fR,k,pine = min Umax,cross layer [mm] - =1,90 - = 1,50 N/mm2
1,90 — 100
100
-k 1,50 N/mm? - 0,80
Tszd=0;73N/mm2<fRd=fR'k mod _ / =092N/mm? - o.k. v
o ' Ym 1,30
0,73 N/mm?

Utilization rate UR = =079 - 79%

0,92 N/mm

frx kmoa 1,50 N/mm?- 0,80

TRyza = LI4N/mm?* > fp g4 = =0,92N/mm? - noto.k. *

Yu 1,30
o 1,14 N/mm?*
Utilizationrate UR = —————— = 1,24 - 124%
0,92 N/mm

The design rolling shear at the central support is exceeding the design rolling shear strength in
y direction. Therefore the section shall be strengthened at the support by fully threaded screws.

Use Rothoblaas VGZ fully threaded screws 9x280 (Lser = 280 mm, L, = 260 mm); inclination 45°

The layout for the strengthening is displayed on the sketch below.
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System sketch for strengthening:

U 7
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Dimensions, related to the sketch of the strengthened system:
Apply strengthening equally in all directions.
a; = 50 mm (chosen)

Number of screws in a; direction:

Screws are required in that part of the CLT section, where the design shear strength is exceeding the
design shear stress, so strengthening is required. To determine that width A (see sketch), the shear
distribution from the support towards the edge of the panels was assumed to be linear (conservative).
Actually the strengthening would be only required along the y-axis (tr,q iS €xceeding the limit).

30,96 kN

25,00kN

X=1,19m A=1-X=0,29m

L=148m

Number or rows in al direction = (290 mm / 50mm) +1 = 6 rows

a, = 50 mm (chosen)
Number of screw rows in a, direction = 5 (chosen)

a, =50mm

apep =maxiber, —_ 340 mm/ = 68mm > Gzer = 68mm

1lrows rows

befx = befy = byx +d - tan35° = 200 mm + 200 mm - tan35° = 340 mm
Design equation for the strengthened system:

kmod ' f_R,k

TRa < fra = >
M

a Rax k
fR,k R,90 fR,k \/E ‘a, az,ef

Characteristic axial strength of a fully threaded screw Rothoblaas VGZ 9x280:
Characteristic tensile strength of the screw:

Frensk = 25.400 N
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Characteristic axial pull-out strength of the screw in x-direction (screw inclined in x-direction):
Embedment length:

Embedment in layer 1 ¢ it e e et

Lscrefase = 40 mm - V2 — 11 mm = 45mm

=56mm LHead 1 ‘ / /
TS AR 2/
Embedment in layer 2 .fyl‘r\,%(h@ ® .;c w/\"/ ‘

Lscref,000 = 40 mm - V2 - 05 =28mm *’“»‘V&)V/\ @/"% /N\Q\.&i
=56mm nolrltzi;tené}l ’ / 1 —(\ : {f y’( ‘[ \
layer 2 ¥ / :

Lgcrer = 45mm + 28 mm = 73 mm

lefL lefC
R =11,7- d - - . + : . =
ax,x.k (1’2 cos?ay + sin?a; 1,2 cos?a; + sinfa.

45 mm + 28 mm
1,2 - c0s245° + sin245° 1,2 - cos290° + sin290°

=117 -9mm - ( ) =7.256N

The pull-out strength of the screw in x-direction (7.256 N) is less and therefore design governing in x
direction over the characteristic tensile strength of the screw (25.400 N).
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Characteristic axial pull-out strength of the screw in y-direction (screw inclined in y-direction):

Embedment length:

Lscr,ef,90° f :i [ _L l |
Embedment in layer 1 Embedment in layer 3 & "’7 ! Sacs
. | ’k' *——_‘———k -
=40mm- V2 —11mm+40mm-v2- 05 Y. 5 ltgf‘
e \ 7 P
=56mm LHead =56mm only until , P / ) » Vd P b
middle of <\' vV /e R [a : \(;;x
layer 2 ~J_ }09 29O/ 1 ﬂ{)\} D T
=73 mm .’&J@/vt_i \ X
/ \}‘ \‘vb\ ! M 4‘ 1 \4\\

Embedment in layer 2 l 4 ./, | | = ; /{‘ l \
Lscrefase =  40mm- V2 - =56mm ¥ ] : -
=56mm i A s

Lycrer = 73 mm + 56 mm = 129 mm

lef,L lef,C ) _

R =11,7-d-
axyk = <1,2 cos?q; + sin?a; 1,2 cos?ap + sina,

73 mm + 4 56 mm
1,2 - c05%290° + sin290° 1,2 - cos?45° + sin?45°

=11,7-9mm - ( ) =13.048 N

The pull-out strength of the screw in y-direction (13.048 N) is less and therefore design governing in
y direction over the characteristic tensile strength of the screw (25.400 N).
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Rolling shear verification in x direction:

Fe Raxxix/N2 41170 N +57190N 7256 N/v2

= = =235N 2
Te90xk befx bery Q1 Qzef 340 mm-340mm 50 mm - 68 mm fmm
. — . 2 =
A {1 +0,35 0go0r = 1 +102,(3)5 235N/mm? =183 _ _ | 50
i R s 7.256 N
= kroo " frx + =225 =1,20-1,50 N/mm? + = 3,31 N/mm?
Sk = Krso " Jri V2-ay-ayer V250 mm - 68 mm /

kmod ' fR,x,k _ 0,8-3,31 N/?’YlTrL2

Trxza = 0,73 N/mm? < =2,04N/mm? - 0. k. v

Ym 1,30
Utilizati te UR = —0'73 N /mm* =0,36 — 36%
ilization rate 2,04 N /mm? ) 0

Rolling shear verification in y direction:

Fy N Raxyx/V2 41170N +57190N ~ 13.048 N/v2

= = = 3,56 N 2
0c¢,90,y,k befx bery Q1 Qzef 340mm-340mm  50mm-68mm fmim
. — . 2 =
kR,90,y = min {1 +0,35 Oco0yk =1 +102'35 4,50 N/mm 2,25 -=1,20
Fome = Kaso fre - ZPE 2120 1,50 N fmm? 4 048V 4,50 N /mm*
— : — YR _120-1, mm =4, mm
Ryk = ¥R JRI T o ay - Ayef V250 mm - 68 mm

kmoa * fR,x,k _ 0,8-4,50 N/m‘m2

Trxza = 1,14 N/mm? < =2,77N/mm? - o.k. v

o 130

Utilization rate UR = SAAN/MIE o 0 L a1y
titzation rate = —=0, -

z 2,77 N/mm? ’

Due to the low utilization rates in both directions, the screw spacing in al direction could be extended.
This design step will not be executed in this document, but it shall be mentioned, that this would be
possible and reasonable.

4.3.2. Corner support

The shear analysis for the corner support is analogous to the analysis for the central support and will
be skipped in this document.
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4.4. Bearing pressure analysis
4.4.1. Center support - unreinforced

o Peonera _ 141.360 kN
©90d = ko0 “Aerr 1,9-[200mm - (230 mm + 200 mm)]

= 1,43 N/mm?

-k 2,5 N/mm?-0,80
fc 0. = fc,90,k mod _ / = 1,54 N/mmz
o YMm 1,30

0c90,a = LA3N/mm? < f. 904 = 1,54N/mm? — 0. k. v

o 0,74 N/mm?
Utilizationrate UR = —————=10,92 - 92%
1,54 N/mm

With 92% utilization, the bearing pressure analysis would actually pass the design criterion. For

demonstrative purposes the strengthening of the bearing section shall be executed.

4.4.2. Center support - reinforced

The reinforcement at a bearing plate shall be done with fully threaded screws. The screw heads shall
be flush with the bottom surface of the CLT, so all screws receive load from the bearing plate.
Rothoblaas VGS 9x160 shall be used.

Geometry:

Bearing plate dimensions:
bax = 200 mm

Day = 200 mm

Screw spacing a; = 50 mm
Number of screws: 4 x 4 = 16 screws

Screw length Lg; = 160 mm
Thread length L, = 150 mm
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Systems ketch for strengthening at bearing plate
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The design equation for the characteristic load bearing resistance of the CLT perpendicular to the grain

is as follows:
axial withdrawal strength
. —
F . )keoo Aesr feoox + 1 -min Fax Rk ; Fii rk
90 Rk — Min ——
” buckling strength
k lef,3 ' lef,Z 'fc,90,k

Axial withdrawal strength:

Faxic =107 - d - (2 ) = 11,7 - 9mm - (S— ) =15.795 N

1,2:cos?a+sin?a 1,2:c05290°+5in290°
Characteristic ideal elastic buckling load:
Elastic embedment of the screw:

a
cn = (0,19 + 0,012 d) - py - (W +05) =

90
=(0,19+40,012-9)-350" (W + 0,5) =104,3 N/mm?

Second moment of inertia: Characteristic ideal elastic buckling load:

- =T gs 4
15—6—4 d, =% 9% = 322mm Nyig = [ch Eg I,

= J322 mm* - 210.000 N/mm? - 104,3N/mm* = 83.988 N

Modulus of elasticity: Es = 210.000 N/mm?2

Relative slenderness ratio:

Characteristic yield strength for carbon steel
fyx = 1.000 N/mm?

Relative slenderness ratio:
Characteristic axial plastic strength of the screw:

) , _ Ny |63.617 N
dy 9 ) T = = =0,87
Nt === fyx =15+ 1.000N/mm? = 63.617 N Neix 83988 N
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Characteristic buckling capacity:
k=05-[1+049- (1, —02) + 4’| =

=0,5-[1+049-(087 —0,2) + 0,872] = 1,04

1 for A, <0,2
1 —
Ke ={—————  for 4, >0,2
k+ /kz - 71k2
Zx = 0,87 > 0,2
1 1
K, = = \/ﬁ = 0,62 Characteristic buckling capacity:
s e 27 LA+ 108 - 087 '

Frigk = Ke " Npii = 0,62 - 63.617 = 39.443 N

Characteristic load bearing resistance of the CLT perpendicular to the grain:

( axial withdrawal strength
—
F ) keoo Aesrt fepox + 1 min Fox Rk ; Fiirk
90,Rk = MiN —
’ buckling strength
l legs - legz * feook

axial withdrawal strength

1,90 - [200 mm - (30 mm + 200 mm + 30 mm)] - 2,5 N/mm? + 16 - min{ 15.795 N ; 39443 N
n buckling strength

(160 mm + 3 - 50 mm + 160 mm) - (160 mm + 3 - 50 mm + 160 mm) - 2,5 N/mm?

B {247.000 N +252.720 N = 499.720 N
= min 552.250 N/mm?

Foop = 499.720 N

Design load bearing resistance of the central support:

Foork * kmoa _ 449.720 N - 0,80

=276.750 N
Yur 1,30

F90,Rd =

oo = Peentera _ 141.360 kN
e kcoo* Aesr 1,9-[200mm - (230 mm + 200 mm)]

= 1,43 N/mm?

Pcenter,d = 14‘1.360 N < F90,Rd = 276.750 N — O.k. v’

141.360 N

- = 1)
276750 N~ 2L 7 o1%

Utilization rate UR =
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4.4.3. Conclusion strengthening design

The support would be capable to withstand the applicable design pressure perpendicular to the grain
with an utilization rate (UR) of 92%. With the help of 16 8x160 VGS screws (fully threaded), the utiliza-
tion rate could be dropped to 51%. This is an increase in strength of 55%.

Thomas Demschner Ybbs a.d. Donau, 22.01.2014
R&D Engineer
Stora Enso Wood Products GmbH
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